QUAD PUMPED BUS ARCHI TECTURE AND PROTOCOL TECHNI CAL FI ELD The invention
generally relates to processors and in particular to a quad punped bus
architecture and protocol. 5 Wth the increasing conplexity and demands of
today's software and applications, there is demand for processors to
provi de increased throughput and bandw dth. There may be one or nore
resources which can operate to limt conputer performance, such as

i nput/output (1/0O speed or bandw dth, nenory size, etc. One resource that
usually limts or throttles conputer performance is the speed and
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exanpl e), thEECHNICALEILD 5t e woul d be 800 Mytes per second. Various
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1: Specifications,” January, 1996, ISBN 1-55512-259-0. ‘While a data transfer rate of 800
Mbytes per second is sufficient for many applications, a need exists for a processor bus that

provides an improved data transfer rate or bandwidth.

J DISCLOSURE OF INVENTION

According to an embodiment of the present invention, a method of transmitting

information over a multidrop bus from a driving agent to one or more receiving agents is

provided. A common bus clock is provided to both the driving agent and the receiving agent.

A bus transaction is issued from the driving agent to the one or more yeceiving agents,

25 including: 1) the driving agent driving multiple information elements for a request onto an
address bus at a rate that is a multiple of the frequency of the bus clock; and 2) the driving

agent activating a first strobe signal o identify when the receiving agent should sample the

information elements driven on the address bus. The method also includes transferring data

from the driving agent to the one or more receiving agents including: 1) the driving agent

30 driving multiple information elements onto 2 data bus at a rate that is a different multiple of
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when the one or nore receiving agents shoul d sanple the information

el ements driven onto the data bus. BRI EF DESCRI PTI ON OF THE DRAW NGS 5 The
foregoi ng and a better understanding of the present invention will becone
apparent fromthe follow ng detail ed description of exenplary enbodi nents
and the clains whenread in connection with the acconpanyi ng draw ngs, all
formng a part of the disclosure of this invention. Wile the foregoing

and followng witten and illustrated disclosure focuses on disclosing
exanpl e enbodi nents of the invention, it should be clearly understood that
the sane is by way of illustration and exanple only and is not |imted
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1. Introduction The following represents brief descriptions of the drawings, wherein:

Fig. 1 is a block diagram illustrating a computer according to an example embodiment

15 of the present invention.
Fig. 2 is a diagram illustrating a processor bus according to an example embodiment.

Fig. 3 is a timing diagram illustrating example bus transaction phase relationships for
two example transactions according to an embodiment.
20 Fig. 4 is an example timing diagram illustrating an example operation of the comrmon
clock signaling mode according to an embodiment.
Fig. 5 is a timing diagram illustrating operation of an example quad pumped signaling
mode according 1o an embodiment.

Fig. 6 is a timing diagram illustrating operation of an example double pumped

25 signaling mode according to an embodiment.

Fig. 7 is a diagram illustrating the minimum latency or delay between transaction
phases. Fig. 8 is a block diagram of an apparatus for transferring information between

agents according to an embodiment.

Fig. 9 is a block diagram of an apparatus for transferring information between agents

30 according to another embodiment.
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According to an enbodi nent, a processor bus is connected to a plurality of
bus agents. The bus is scal abl e because sone types of signals are
transmtted using a comon clock signaling node while other types of
signals are transmtted using a nulti punped signaling nobde. In a conmon
cl ock signaling node, signals (such as control signals) can be driven onto
the bus at a rate that is substantially the sanme as the frequency of a
comon bus clock. In this 0 node, the edges of the bus clock identify
points for sanpling the signals driven onto the bus. Bus throughput can be
i ncreased by operating the bus in the nmulti punped signaling node in which

nul tiple infoppRti0g A ﬁqéﬁlbb\f&f}n@[ﬁ%ﬁhﬂ)}bus by a driving agent at

a rate that requency o e bus clock. The driving
agent al so tenporarily activates a strobe signal to identify sanpling
points for th {&garon elenents driven in the 15 multi punped signaling
node. | nforma |on enents for a request can be driven, for exanple, using
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In addition, mninmum | atenci es between transaction ghases can be dified

to mére cl osewdﬁab%qﬁgtsheth?&xt HerhidpEEPosts fhampling heREREARY T PR-Shul ¢

punped signaling mMpdemreighiut carNeQﬁUréa@éathoﬁerEﬂir@thelbds& he bium:ﬂomﬂabaggram:g
illustrating a conmputer according to an exa

] moadient. of, L e oresent
i nventi on. Thé‘oé‘&mh‘@rml"ﬁe]leﬁ%@'aﬂ?fb‘ YrersF ¢ b’F‘bB’ég Pys Wt?:rf ur'cﬁ r‘rgf1
processor  11Que thaik @ERKHN ofjtﬂ@fr@;ﬂ&lcgl opthe ﬁﬁﬁﬂ@:lk T hédnﬁa@igcmradme?mrarw o)

i ncludes an internal cache E E’ wq%) g ﬁa e%§0ﬁmeqs ﬁmﬂw
connected to ACEBIFRDHBFS enfisa TR g@ﬁP& onihi ‘“m’Phe S

front side busgutfingped a ghzﬁmgimdﬁeagﬁfarmﬂanbﬂ dlsﬁahatfomgeqdaﬁ cmhycde:s«sofor busplEl 7

iggorg'clng dte 2 éggégg?@p < e wa ggmodcmwﬁmft)Wo hfrhkn cRmehfSre RFOGRRARE DUS

one bus clock cycle. Data elements for a data line transfer can be driven, for example, using
a quad pumped signaling mode in which four data elements are driven during one bus clock
cyt:le. Mutltiple strobe signals can be temporarily activated in an offset or staggered

20 arrangement to reduce the frequency of the strobe signals. Sampling symmetry can be
improved by using only one type of edge (e.g., either the rising edges or the falling edges) of
the strobe signals to identify the sampling points. In addition, minimum latencies between
transaction phases can be modified to more closely match the maximum speed of the bus
operating in the multi pumped signaling mode.

25 I1. Architecture

Fig. 1isablock diagram illustrating a computer according to an example embodiment

of the present invention. The computer includes one or more processors, including a processor
110, a processor 112 and a processor 114. Each processor also includes an internal cache (not
shown).

30 Each processor is also connected to a common processor bus 117 (also known as the
host bus or front side bus). Fig, 2 is a diagram illustrating the processor bus 117 according to

an example embodiment. As shown inFig. 2, the processor bus 117 includes a control bus 202,
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an address bus 204 and a data bus 206. According to an enbodi nent, the data
bus 206 includes many signals, including 64 data |lines D(63:0]. The
address bus 204 al so includes many signal including 36 address |ines
A[35:0]. The processor bus 1 17 includes a bus clock (BCLK). The bus clock
is common and is provided to all agents via the control bus 202 of
processor bus 117. 5 The control bus 202 al so includes nany signals. The
address bus 204, control bus 202 and data bus 206 are each preferably a
mul tidrop bidirectional buses. According to an enbodi nent, the term

"mul tidrop” neans that the buses are connected to three or nore bus agents,

as opposed to a point-to-po o] IS co ed WO bus
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Peripheral Component Interconnect (PCY) bus or other type of /O bus.

240 I11. Agents
Bus agents issue transactions on the processor bus 117 1o transfer data and system

information. A bus agent is any device that connects to the processor bus 117. There may be

several classifications of bus agents:

1) Central Agent: handles reset, hardware configuration and initialization, special
25 transactions and centralized hardware error detectionand handling. Anexample isa processor.
2) VO Agent: interfaces to /O devices using VO port addresses. Can be 2 bus bridge
10 another bus used for VO devices, such as a PCI bridge.
3) Memory Agent: provides access to main memory, such as memory controller 118.
A particular bus agent can have one or more of several roles in a transaction:
30 1) Requesting Agent: The bus agent that issues the transaction.
2) Addressed Agent: The agent that is addressed by the transaction. Also called the

Target Agent. A memory or VO transaction is addressed to the memory or O agent that



Target Agent. A nenory or 1/0 transaction is addressed to the nenory or 1/ 0
agent that 4 recognizes the specified nenory or 1/0 address. A deferred
reply transaction is addressed to the agent that issued the original
transaction. 3) Snooping Agent: A caching bus agent that observes
("snoops"”) bus transactions to maintain cache coherency. 4) Responding
Agent: The agent that pTov] des the response to the transaction (typically
t he addressed agent). According to an enbodi ment, the respondi ng agent
drives the response onto the control bus using the response strobes
RS[2:0). IV . Operations, Transactions and Phases According to an

enbodi nent, bus activity on tbC Processor bus 117 is hierarchically 10

or gani zed i nt O QRSIBlk GlSined HAASIEH HORRANTH pliRS@Se i rapebatisodciss! @ bus
procedure that pears atomc (e.g., appears to be indi-6sible or appears
to happen at @‘rweagtntﬂeylswgi@bf’ftlméa@%’ﬁ”though it may not be atomic on the
bus 117. An oper at {/Q{ao Aé\egpgiﬁéhn%fbuﬁag‘éhtﬂg‘it@b@%s(ffﬁﬁ]ﬁaﬁiﬂsﬁmsabmm o
soneti nes may |nvoI3 iple bus transactions or a single transaction

Wi th mul tipl e nehantain eachapohaensy. Exarrpl es include a read 15 operation, a wite
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si gnal (i ndi cafidife doRR& ba{hsﬁr@dﬁeers@ongcswms Rg26ei ven) and a tr ansact| on
address. Trans-actions are driven, ?‘r exanple, to transfer data, to
Inquire about - Oneratjens. Erasastiepsand PRasest o i ovi de the systemwith

information. 20 A phaseinhses embs@aentfuusaaﬁnyo:ithsp@nabosbwsol donignarcbisely a
particula-f type of informatio can include: arbitration,

requbdt, snoop rEEEHBIPSETAN S’cféalnﬁacnm?‘g)aq%fee?r ansactions contain .all
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is being driven) and a transaction address. Transactions are driven, for examnple, to transfer
data, to inquire about a changed cache state, or to provide the system with information.

20 A phase uses a specific set of signals to communicate a particular type of information.
The phases can include: arbitration, request, snOOP, TESPONSE and data. Not all transactions
contain all phases, and some phases can be overlapped. The arbitration phase is where the bus
agents determine who will be the next bus owner {an agent must own the bus before issuing
a transaction). The request phase is the phase where the transaction is issued to the bus. The

25 snoop phase is the phase where cache coherency is enforced. The response phase 1s the phase
where the addressed or target agent drives a transaction response onto the bus. In the data
phase, the requesting or responding or snooping agent drives or accepts the transaction data.

Four control signals transmitted over the processor bus 117 include a bus clock

BCLK[1:0], the initialization signal INIT# and the reset signal RESET#. The bus clock

30 BCLK([1:0] are the differential bus clock and may be generated by 2 clock chip or clock
circuitry. The two bus clock signals, BCLK[1:0], are logically identical and physically routed

as two separate signals to reduce timing skew. According to an embodiment, all agents drive



30 BCLK[1: 01 are the differential bus clock and may be generated by a cl ock
chip O dock Crcuitry. The two bus clock signals, BCLKI -.01, are

|l ogically identical and physically routed as two separate signals to
reduce timng skew. According to an enbodi nent, all agents drive 5 their
comon cl ock outputs and latch their common cl ock inputs on the bus clock
ri sing edge. Each processor derives its internal clock fromthe bus clock
BCLK signal by multiplying and/or dividing the bus clock frequency by a
nunber or nunbers. According to an enbodi ment, the RESET# input signal
resets all bus agents to known 5 states and |nvaI|dates their .internal
caches, Mdifief QfimsH fibdk oe@ctla end latbﬁetheaecﬂrﬁmns:mk @pbige the Psteack ripEeEeRs: | s
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overlap between phases of different

cycles after the original request phase. Also, there canbe

20 transactions. For example, the arbitration phase for transaction 2 occurs at approximately the

same time as the request phase for transaction 1.
V. Signaling Modes

According to an embodiment, the processor bus 117 is scalable and supports two
signaling modes. The first is a comymon clock signaling mode in which all signal activation and

25 sampling or latch points oceur with respect 10 a common bus clock (BCLK#) that is

continuously provided between all agents. The bus clock is typically generated by a clock chip

or clock circuit provided on a motherboard, and is commen to all processors or agentsin a

computer. Signal clocking with respect to the common bus clock is referred to as common

clock (1X) signaling mode. According to an embodiment, many control signals provided over
30 the control bus are transmitted using the common clock (1X) signaling mode.
A second signaling mode 15 3 multi-pumped signaling mode which allows an

information transfer rate that is a multiple of the transfer rate supported by the common clock
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conputer. Signal clocking with respect to the comon bus clock is referred
to as common clock (IX) signaling node. According to an enbodi nent, many
control signals provided over 30 the control bus are transmitted using the
common clock (IX) signaling node. A second signaling node is a multi-punped
signaling node which allows an information transfer rate that is a
multiple of the transfer rate supported by the comon clock 6 signaling
node. Thus, according to an enbodi nent, the nulti-punped signaling node can
support information transfer over the processor bus 117 between agents at a
rate that is a nultiple of the frequency of the conmmon (i.e., system bus
cl ock. For exanple, the nulti- punped signaling node nmay provide for
exanpl e a doubl e punped signaling node i.ch 5.allows j i &nJ.
dat a, address@snﬂmgapﬁef”WﬁﬁéﬂﬁﬁP$BﬁT‘T@Q%@mPfQ%ET@&%@%gggg?&%%gﬂ?éX) t he
rate of the COIIBR ol Ock f £ BQUEREY theQiodBYr RIsOMT detwaergegaots plasedithai igAal i ng
[

node which pr es for inforpation transfe f tdl AXhe i@i-bus
cl ock frequenmnltipT@fﬂ%R:f"PqI“?‘&YéfE*ﬁéom‘[n?‘éﬁﬁ’ @F’{e(l) l;Dlusn g‘%kmft()?%%mgt "such rates

or frequenc ey, Wil 366 B8 Hag prirarTot bengomiondomen<d|SEORMECHREC Y ng
agent al so issues or provides a ¢ ani on si gnal . felrel LAV (258t r obe”
10 used by t hellpwyinforestion € &y 9iaf PEngsohE ’é‘g’ﬁ‘?!ﬁ}}o}gggwgpéﬁat ching tr(1e)§

mul ti - punped itﬁﬂ:f O BRthd @bhmon 3136k fr@DEACRIS By i@ dlvideemved pumped HensiighaPde it i ven
to its active lTevel (i.e., driven . zer Abadkhhaey | Vasiigrale) , and
the term deasmw@&f%ﬁé?@a‘f%éragﬁaﬁ;{%mﬁlsm%r(| é}gneoc{u% Its }qnagbt/i ve level. The
square, circl g aug driiranglien ayndakes arfecqueeids vhich aireriehihag haicaGFr e
described below to indicate when parti.cular signal.s.&i@ndshiahgosrdsenpl ed.
The square i ncﬁ‘@&t‘%‘“sd”t"wﬁtag"&“i?’Sssf"egsr?é?r%%lg% I“Isr{]llzil’? ,(agiaert,ed, i ni zi ated) in

t hat E]Gl ock CyGlsed byltherecdives ben efecincaforezptuniag ord2tghighiF "’i“lé"p"érﬁ’ﬁ‘&n Tt 6Bser ved,
| atched) in that clQck cycle., T I Glofnt bsSiribotah Gaddhive loee@(l.et, origdhone &ro
sanpling point basﬁﬁ R a%fc'r%ids’?%g“ %rﬂ tggﬁ I'ing) edge of [the bus ¢l 18% < .d BCLK)
in the comon @} acketipd My sisplyreat] itregemrpdrasserinddneep BAFEE idi'cat es %;p a
signal is sanple ca : A5EH10 fsi 25d W@d inQdomik Skrdin gy geaigredesdo

conpani on Si gn‘ﬁYc,q' %crsr%%%’gqrﬁgta?obe.% iﬁe osst.robe My P f e allyahe o 20 or
activated onl ybedw iorigdicateevhen aprEpy ¥ SIS 5 P YPST AT ohtrﬁe.(g. : i a,

addr egses, other . inf; Q07 infh4aRM) fnhBat ProGicesBO Thbiscld paicaied thst 2 signgl is
mul tiq:s’purrped rrsﬁﬁjéi.l 15%19%2@}%0%&df00k %?i nal, | i]ﬂgci;\éped&égﬁqgruggd@‘gshg@ a@dinpling
enbodi nent of tanwledérheredelrieRIe) It IR GXAT i'RG rode  al I agents on
processor bus éJiZt kR Oge,q%g@ﬂfztmngdbdlgceufthhehsrcl‘azéft(BQbe’ﬂt”ﬁLfP’é"mgﬁamﬁlé e

required inputS. 25 According .to .an _epbod VB loy capfiatoa s disiae
sanpl ed duri ngmgnq}lag fnadesé[ﬂ?ﬁfriaﬂae Imﬁl%cgtre%/g%t adsliggﬁqg sanfpYe@loY cdp

or falling edge of a companion signal, termed a “strobe.” The strobe may preferably be on

20 or activated only during the transmission of information (e.g., data, addresses, other

information) over the processor bus typically in a multi-pumped mode.

A. Common Clock Signaling Mode

According to an embodiment of the common clock (1X) signaling mode, all agents on

the processor bus 117 are required to drive their active outputs and sample Tequired inputs.

o an embodiment, every input should be sampled during a valid sampling interval
the bus 117 no

25 According t
on a rising edge of the bus clock and its effect or result be driven out onto

sooner than the next rising bus clock edge. This example approach allows one full bus clock

¢ycle for inter-component communication (signal transmission and propagation) and at least

one full bus clock cycle at the receiver to interpret the signals and compute and output a

i in one or more bus
30 response. As a result, after an agent drives data onto the processor bus

clock cycles, there is a pause of one bus clock cyele (e.g., a dead cycle or inactive cycle) before

another agent can drive the processor bus 117.



on a rising edge of the bus clock and its effect or result be driven out
onto the bus 117 no sooner than the next rising bus clock edge. This
exanpl e approach allows one full bus clock cycle for inter-conponent
comuni cation (signal transm ssion and propagation) and at |east one full
bus clock cycle at the receiver to interpret the signals and conpute and
output a 30 response. As a result, after an agent drives data onto the
processor bus in one or nore bus clock cycles, there is a pause of one bus
clock cycle (e.g., a dead cycle or inactive cycle) before another agent
can drive the processor bus 117. 7 Fig. 4 is an exanple tim ng di agram
illustrating an exanpl e operation o OLIDR 21y SlaREK opdratiéh o$thgR&hiney node
according to an enbd FERE*ARRETET J%ﬁggﬁgﬁle shg\% 338 ﬁ%y appear on the
processor bus 3ddi xFasH; ahﬁ%’ﬁb@&c@frdmgieamsboejhmr@k T@I@E’staéﬁs@o%meyaw&‘ir
addi ti onal exanpl e si gnal s.are als i £dhodnd TBY, adwhbah may
be any type ofn gﬁe@’r’%f’%‘“%ﬂ glg%?é%%%ﬁ%nn&&gégg Ifajlgarrst 0control si gnal
froma first agemies 1s|a&aEs%snaz§m b;eluamgee@nt&vgnwmawoe?ﬁde@ééé‘ﬁaa% &ht .
The first and second contr ol dgglae% e aQcoRd signal
handShake or bl GFaSIe afiEt © ‘gk?alnspﬁ"npf}l‘%{’saﬁﬁ{%’m e hgYfbe ol signal A
is driven (orgg :?EJC@IQi)ag%Bt the fikisind ge@dd eomfol eﬂgwkma:cp@:p@*lldezﬂéép 8Wh by
the square in ﬁ S Iat?ged at .the receiver at a rising edge at the
begi nni ng of b hﬁkéékb‘{ffé‘r‘%c o @ R%own by the circle for A#) ér
clock cycle I is prauhsesdin figr, ﬂiegmailﬁpahe;dag@t(pommwﬁﬂtéﬂemlqgsed&%%f ¥kd at
the beginning of cycle 1, it is nat se be..bus g@trlslngrem@auhe
begi nni ng of cydF & (@ shawahy the FRPE ’P§9§ J Gfﬂc%?m%ac tTve ¢l ock eycle .
(durigng bus glkg g&n€Mch&H@E1et@gs}m“debvayswdnﬂbrﬂé} TthhﬁédP@t‘éFlﬁél‘ Kryee
i nt erpret the signals). The recei £RinPbf 1§@rt§nbms%dsmgnal
at the begi nnlfﬂ@‘@ﬁlﬂiﬁﬁgﬁtfoﬁcm&?@l\ém%sse g&tﬂ%ﬁ ]f/lgt ?15 ls uar e fﬁ
whi ch are obseafpyed ua,ﬂc{h@wgtdﬂrrgabf b))cldmei‘mm hesre 5@aaES °at"a°ct1’{é°}8 PRI ¢ 'ﬁ'"@f
cycle 4 (as shown % AGSR o ipg @ma@, ﬂb)odlhmaantwera
processor mclhj’élé?déc}@bf f €& 1°d |nrd\§g ‘st ead of é 5 casﬁlhe | he used
in sone Penti UmPaoeessaEats. thﬂhfeme:fad)mehﬂ bﬁfglftﬂlmgé’f\ké?@"%kr%f &P P PRY" 3¢y
t he common cl ock Gn@0n 04 tHat ot Sgehis BESe begihningtoéeycleone
cach® | i ne) ofsqti%’(gg")%d? %(fr e|(E!Ivgn gﬁu trﬁa}nsferred in 8 bus clock
cycl es. HOV\BVGJ(asIs}EbuﬂiHJ?yhaq)ﬂqueaB#)OﬂS it my be desirable to provide a
faster data transfer otm%ﬁ 19% %g;@;udaammadﬁammsgp@féh ng
ength of

Mbdes I n nman |nstaﬁ8 processQr bus
limtations {I maé cedhegnetitsed in some entium PTOCESSOYS) ereiore, ‘tl ala ‘9‘4’@8!"{3@'@& vsing

the common clock (1X) signaling mode and 64 data bus lines, 64 bytes (one cache line) of data

could be driven or transferred in 8 bus clock cycles. However, in many applications, it may

20

be desirable to provide a faster data transfer rate or greater bandwidth.

B. Multi-Pumped Signaling Modes

In many instances, the length of processor bus 117, electrical limitations (including the

pagation across the bus) may preclude increasing the processor bus

latency for signal pro
bus clock

25 frequency. Therefore, according 10 an embodiment, rather increasing processor

frequency, the multi- pumped signaling protocol increases the data transfer rate (over the
b

common clock signaling mode) by operating the appropriate bus signal group (e.g., address bus

or data bus) at a multiple of the frequency of the bus clock (BCLK).
1. An Example of A Quad Pumped Signaling Mode
is operated at

30 In the quad pumped signaling mode, the appropriate bus signal group 1s

four times (4X) the frequency of the bus clock (BCLK). In other words, in quad pumped

i j i in one bus
signaling mode, four elements of information are driven onto the processor bus 117 in



| at ency for signal propagation across the bus) may preclude increasing the
processor bus 25 frequency. Therefore, according to an enbodi nent, rather
i ncreasi ng processor bus clock frequency, the multi-punped signaling
protocol increases the data transfer rate (over the corrum clock
signaling node) by operating the appropriate bus signal group (e.g.,
address bus or data bus) at a multiple of the frequency of the bus clock
(BCLK). 1. An Exanple of A Qaid Purriped Signaling Mode 3 0 In the quad
punped signaling node, the appropriate bus signal group is operated at
four times (4X) the frequency of the bus clock (BCLK). In other words, in
gquad punped signaling node, four elenents of infornmation are I ont o
the Processor dmegcysleiwhivh oiths ipad »ouidaye ko diyeens SERTE m}roém%tﬁrei "}tﬁ%r%oyr?’gbnmul d
take to drive one elenent. information in the common clock or 1 X

si gnal i ng rrode“’j)o.&ﬁf {gfg'%%lthgg{go%e?m ng diagramillustrating operation @f, an
exanmpl e quad purrpecFig.iﬁg'ﬂrpainilim}hagﬁ?ﬁH’g“%E‘éﬁ"(ﬂ’F'ﬁ@“‘tO arh%a@%gldﬁ r?en?. %at hough
the quad punped signaking HodEasAR: DRMHESANe fuall pimpedysighyipe nokle sinduabedl, t he
guad punped sﬂ@%al I'ng protocol is used to transm.t da&ta“ar%%ﬂrd%jaqgmmngan
exanpbe embodi foeaty typPwbsitnals. tht BR&PEIRES S8 AREP RN IS S A third bus cl ock
cycle are shown in Bl . SsimbReTvObsiigRERIE bidghpbrtioh ot thind busiclpalapycle are ‘
propagation time) ‘across the processor us. 1%7 iasatsiéjqnmt)g‘ggss%espg&g&qr

i nfor mati on el swenin Figys- G YoEirats UMY BmE HESBFORSR ST “bus” 117 at the driver
(i.e., the agepi % i d0nd AEQEMERoARaBH E@MEN Bapbobess onto egyocserote 1he
first 40 information el ement has .been | atched | e gisvi Ng
agents). Accor dithgdter afice s F8FHEHYPE FHY™EP nvoenrmag}‘(%>)l"]“§'rSt %S\Q/fﬁgyggg(ﬁt) sends or
driveg a new | nfQnAs d@RnelBRAMaided ithies redeberigeceitige 28w the 25% 50% and
75% poi nts of the bus clock (B ygle.. i & 80orSRIVESa Aew
conpani on tining si GREAFIRN VAT °§%§}"5'gttglegw% grc{srﬁﬁl%;?é@r? at 15 indi a,{(es
when the recei ygbmaheidiehaesmherionz captand Be2pd, iﬂ%g gnd ﬁﬁgpogqtf'&fﬁgﬂgsﬁﬁ"g is
preferably sent or drjven (activated) only when information is sent using
the mul ti-punpdBCEFYHEi ng  node. Because the data and the strobe siggnal s
are generated by thahsanevelyendsareonp@dimizgignalfqpyn ésr?dﬁ?tsr el V\,ibj have
the same path. . aresu - 16 by@Bathre @data Ehedatte sgng it efer20)y
shoul'® have thé"A‘iii’FFéwpgf L?Eéeﬁdbet@ﬁ%?fedggﬁpe apafﬂéxi tely,the sane delayin
Therefore, an sa:d\oantia@damm@\ﬂé‘dW“t"r‘f%‘“lﬂg?’\/‘élsg‘g?mg%ufce sendi ng gﬁ%t a
strobe and dat amgd% that the data

Because the data and the strobe signals are generated by the same driver or source, the

data and strobes will have the same path. Asa result, the strobe signal and the data signals

20 chould have the same path and therefore approximately the same delay. Therefore, an

e achieved by the driver or source sending both a strobe and data is that the data
-phase (or synchronous}at each agenton the bus 117.

advantag

signals and the strobe signal will arrive in

Thus, this technigue of a driver sending both the data and a timing strobe signal can be referred

to as a source synchronous transier. In the quad pumped signaling mode, there should be

25 four data strobes (e.g., four timing strobe edges) each identifying an information sampling or

capture point) in each bus clock cycle, one for each of the four data elements. Unfortunately,

ynay arise in generating a strobe signal at relatively high frequencies. At high clock

problems
significant.

speeds, the difference between the rising edge rate and the falling edge rate canbe

1n addition, it may be difficult to provide 2 clock signal or strobe signal having a 50% duty

30 cycle. Asaresult, at some high clock frequencies, both the rising edge and falling cdge of the

strobe signal should not be used to identify sampling points as this may create asymmetry or

introduce a degree of timing uncertanty. Rather, it may be advantageous to use only one of



signals and the strobe signal will arrive in-phase (or synchronous) at each
agent on the bus 117. Thus, this technique of a driver sending both the
data and a timng strobe signal can be referred to as a source synchronous
transfer. In the quad punped signaling node, there should be 25 four data
strobes (e.g., four timng strobe edges) each identifying an information
sanpling or capture point) in each bus clock cycle, one for each of the
four data elenents. Unfortunately, problens nmay arise in generating a
strobe signal at relatively high frequencies. At high clock speeds, the

di fference between the rising edge rate and the falling edge rate can be
significant. In additi.an, y eirlen e d6d=Qf ke strap@al  or
strobe si gnal VP Fits Ofgﬁf’?tr?jbut(wéﬁp&yﬁh“lh%%dtgei(ggﬂ at ggaorgre hi gh, cl ock
frequencies, Rghds tohaniplisg srgamoigre teapbad- athmpeﬁgateblgebté*fmloff‘éymgﬁr@d’é wogRal
shoul d not be used to |dentlfy sarrpl ing points as this may create asymmetry
or i ntroduce SEOREHREC ST %tﬁwuncertal nty. Rather, it ﬁ

advant ageous to usef@lnylcy]eefneeecfgedofnlmembmse@gehcwhlst’*’ﬁe‘d@fpl‘% ?ére(‘lli‘é“aCI?f§e
only the rising edges qor o LEOhenpes ugnghs for
sanpPi ng or caﬁ?ﬂ'ﬂﬁ“%@att‘ﬁ%m@dé] Et% uscf 03 ?‘ aﬁq,g,%ﬁgﬁ E‘%lmn@?r%re inret r 4

uni form st r obgalelcfietg paibus gy dynlg) imtesbealgal frehuesay %Obﬁée&u’f‘ﬁlﬁs @h‘é@? of
the strobe is used, then tt slvvou ]Q/usegﬁ)rlt%lyeqw re a clock 5 frequency
that is a mul tipFESKIFCIPTSY BB EEHEF T BGuency. G n the case of uad

data (four data eImﬂamnsmgemaps;cedsmlocbgroquer)cymWé?l\éltl%@%éxewﬂ 1’5f“i°é uency

shoul d be four tines bus OfbWever & sedgaignsl used
for timng. UﬁFW’t"ﬁﬁ%‘%"é@“ 'Pr]ch théiocﬁéls\{)}gzqgﬁﬁl@gym{rpie)uence : i Ntz (for

10
exang e), thi Sfraepwcgﬂmanem nmcamsbwsanmkg-pagnady rmyeqaeﬁtfyd%l%t“'hi“él ddfg‘ﬁ o (in

this exanpl e) wever S gna SHUL e érh&htdﬁhefdawranawmeaﬁ he
bus cl ock f recfh"eﬁ?:’?mf?ﬁ?/d%ﬁﬁrdﬁ Ofmeartmaq‘(rhaéhscm\fxllgl gh differ from

transnitted d&harcedfavdrnBmhnmmszmgnmvmbeﬂwcwm deramitisd sels S eRp! @ﬁﬁ?rﬁa“%‘f'mfdhe

data and strob t he recei 48 iRl QANBREdBet, wWeen atidi@ation can
transnitted st %@ayscf’ﬁﬁg’lcrecmﬁeﬁ%ea tﬁgé;gr%sgnntted dat a TRy cause the receiver

to capture badbensignifiemiyiégiter dabveh highfregeerictes 618> 490343 at t enuation can be
Si gng icantly higher, {ef0,§U§cQ0,Ja;,,gho aﬁ%g,lggm%ﬁsm@ﬁ}p& datAt8fbbMsizhals B used to

Theretore, according iment, nultiple data, strobe
used to provi pie\nﬂh’@e fogustrobespenas Cbelfcyeﬁﬁgmb?tﬁeﬁn%g,ﬁoge &ﬁUﬁanfﬂagls%ﬁ 6k

strobe frequen fnée8)an ERBoddmiEnt alvo akt itrqbquempdy(DSTBp#
Accor di ng to aﬁ&éhg%hs dléckfﬁ%hu nE)} Ijﬁpc@ord Qf n a

t trob
are provi ded eadDﬁtBnﬁmreeowﬁé\‘P qaﬁlgﬁg’éfs‘f’c@r}co%?eq”fm g gélgbécslcgcgpﬁ’fﬂqﬂqc P?Ht%ﬁg) bus

cl ock frequency is 100 MHz, the two data strobe signals will each have a frequency of 200 MHz

20 when activated or generated by the driver (or driving agent). Alternatively, four data strobe

signals could be used (each at the same frequency as the bus clock when activated) each

providing one strobe or falling edge per bus clock cycle.

Referring again to the timing diagram of Fig. 5, the driver sends or drives a new
information or data element on the rising edge, and the 25%. 50% and 75% points of the bus
25 clock cycle 1. The data elements are labeled as D1, D2, D3 and D4 for the four data elements

in this example. This embodiment also uses two data strobe signals, including DSTBp# and
DSTBn#. According to an embodiment, the two data strobe signals are generated out of phase

from each other (or in a staggered or offset arrangement). This allows one of the strobe signals
to identify sampling points for the odd data elements (e.g., D1, D3, D5, . . .) and the other

30 * strobe signal 1o be used for the even data elements (e.g., D2, D4, D6, .. . ).
Although only two sirobe signals are shown in the example of Fig. 5, any number of

strobe signals can be used to identify sampling points for the data of a source synchronous

10



frequency is 100 Mz, the two data strobe signals will each have a
frequency of 200 WMHz 20 when activated or generated by the driver (or
driving agent). Alternatively, four data strobe signals could be used
(each at the same frequency as the bus clock when activated) each

provi di ng one strobe or falling edge per bus clock cycle. Referring again
to the timng diagramof Fig. 5 the driver sends or drives a new
information or data el enent on the rising edge, and the 25% 50% and 75%
points of the bus 25 clock cycle 1. The data elenents are | abeled as D,
D2, D3 and D4 for the four data elenents in this exanple. This enbodi nent
al so uses two data strobe signals, including DSTBp## _gnd I.QSTQ%#;.SE@%qﬁordi ng
to an embodi MBAbstet REndteimboad acaitbr ovecidlvgAwnEzRrE° FONEF RXER ST "of phase

O e O ey ohe BLBE £ SEl.1<35  RNE@TERE LS Enigingbdions one
of the strobe sgitl-&h%niysonetogt%fzﬁg%t%F%Qf&E stg)fo Ert 5

y sanpling points for the o
el enents (e. g.(or fDobesPahileDSyering thy fragrdnayleéthe SHDE S8 g?rrcéﬁ’éﬁ%‘i‘g%ﬁ &ﬁe%e used
for the even data q?%g{gegédzgi{{é%% %f,qu%?pu_n%d) e swobe siphdlh@ubiibeanddy whup alst r obe

signals are sH3HAC of Fig. 5, any nunper of , str tgnal s
can be used t Qhiedenbi §iynassacn1dﬁb¢1§mﬁﬁlyr?ﬁge‘%ﬁ‘ag€ﬁ’éd %%@3187&515‘58‘5?%%&5“%09

synchr onous 10 b ?e%etm%b’l AEpN OS2 AR AU Peiehint B nbDS eripecied fhydatdicnttageous
to provide rruI‘EaiapeI e strobe si'gnals so that only one of the two edges of
t he strobe signahsi@archbe used to identify sanpling points (or strobes)
while |overing the frequensi dbodiReniiyoheoRhgnakdes Fow saxternas eFpscd 6

punped protocol were used (instead of quad. pu . Slhbenggnal s
coul d be used, fontentiying 9r sErcppi2ias 943 PR %ﬁoﬁﬁaﬁﬁgéﬁm&ﬂggﬁgi m | ar_llli of f set

or st ggger ed spah tAak (P HORS daraCarabdlsiblsusedsef ov identiy acisdpe ATPIPE Mnd D4,

stro for data el enents D2 and and,. oded ] Bdn&redD3 and
D6, etc. Accor Hifugaied 05111?‘%%‘88?%3?% (gﬁgﬁ%{?g&gg l%% %%Sztvm ﬁ%ﬁé’;ﬁﬁf

t
strobe signal syahen sisedoufitbmistentridayiclgens. Eyadkriowifngriag (g ?ﬁ%rﬁ?{ng

points. In this particular e i anky 358 62199 bl isngpetgesthobust he
two data str obé“‘??‘@ﬁﬁ‘ig% sigpals ﬁ?g‘%mﬁ’“}@ 19154 3 P

entify points for lin
i nformati on or c@at BCLRNeydat hgtiorshs W%F“@&F‘ﬁ%’%ﬁ%ﬁeﬁuéﬁl’?ﬁﬁd gg%bgas”t r obe
signals) are centered in each of the four information or data el enents.
; i §

Thus,*3t he four iRy edges (or_strobes) of the dat r FoRabs W | |
occur on the 12.5% A3#hoBexin 5z S5aPRRYH sen %C’Bﬁ’lﬂi‘ftq’éls g?aﬁhgﬁegﬁgﬁgglf%gk ( BCLK)

cycle. Theref orcgde i\zﬁ hVBh B 1he Bhai fHARDY ). OVRIE edigetty Patsphd dy2 bissHes or

g-ﬁef gleL] : 2% i ﬁgg ?pﬂacglgl tgq%ssiornbusﬁl lgl'an§ fnus?'belz:%,%%x%d j)r%a;ﬂ\'irgcy e AR Atd LB 17 at

is driven by the driver onto the processor bus 117 at the rising edge of bus clock cycle 1 {as
20 shown by the first rectangle for D#(@driver)). A first data strobe signal (DSTBp#) is then
activated by the driver at the 12.5% point of the first bus clock cycle, as shown by the first
square in DSTBp# (@driver). Thus, the strobe {or falling edge) for the first data element (D]-)
is centered in the first data element. Once 3 strobe signal has been activated or turned on, 1t
typically continues activated unti} the data has been driven onto the bus.
25 Also, a second data element is driven by the driver at the 25% point of the bus clock
cycle 1, as shown by the second rectangle for D#(@driver). The second data strobe signal
(DSTBn#) is activated at the 37.5% point of bus clock cycle 1 and provides a falling edge (or
strobe) that is centered in the second data element (D2).
Likewise, the third and fourth data efements (D3 and D4, respectively) are driven at
5% point of bus clock cycie 1. Corresponding data strobes (falling

30 the 50% point and the 7

edges of the data strobe s gnals) are driven or provided by the driver at the 62.5% point (by the

DSTBp# strobe signal) and the 87.5% point (by the DSTBn# strobe signal). Because the data

11



cycle I (as shown by the square for DRDY#). DRDY# indicates that valid data
has been placed on the processor bus 117 and nust be sanpl ed or captured.
The- first data elenent (D 1) is driven by the driver onto the processor
bus 117 at the rising edge of bus clock cycle 1 (as 20 shown by the first
rectangle for DE~@Iriver)). Afirst data strobe signal (DSTBp#) is then
activated by the driver at the 12. 5% point of the first bus clock cycle, as
shown by the first square in DSTBp# (@lriver). Thus, the strobe (or
falling edge) for the first data elenent (M is centered in the first data
el ement. Once a strobe signal has been activated or turned on, it
typically continues activated until the data has n driven tQs Libvg bus.
25 Also, a sesm:mdsidaalte@rerbreﬁémawge"dFWé}ﬁt‘Bwthsﬁﬁﬁ%tﬁeﬁ%m%%&%% po%’nt of
t he bus cl ock cl 351 SN ONGViBY: dib6e & efppddiastangue cbdrcyDy( @hsi heT) .
The second dafaﬁg}sé?t?grﬁetg%gangp . (III)S'I?Bn# i's acti va}tlegtslg) Lihe 37, 37h pahnt  of
bus cl ock cycDsTBp#stbbpsiewil presides UiPE Fig6° BaGR} Yrine oBEY “THat 'S ce/ntered
in the second, data DB i eV Fal pdVeiet Rillng edgedlofsoules ht thika /b %
] B sfgral p .

el enents (D3 Bﬁcft‘ﬂfacséérgg’te%t%elgsare %?l ven at 30 the 50% point aRd the
75% Boi nt  of bussTi%okine piihe bus Tk EYds pondi MESHLEY EFBoes (fail | ng edges
of the data strohe.si 1S DT Bl ateVdpo@Ed QY fEAscDYyit daeh diberv dihistllovhe
62. 5% poi nt (t%"’?f‘ngﬁé'llg%gfgpg st?%ﬁee signal ) .and tge 87. gr%)rggibggc]gg%yg pe
DSTBn# st r obe aBérgatinlg protBeigualsie pronie  Bms pdde (Ter FESEPSHATE Par e pr ovi ded at
a frequency tr&%wi c%browa{aism sfeRafd). UTHs firb06p €618 Yiraes ritallibgialged rsckys claghch

[ w [

data strobe signal provide a strobe or falli dge Buslik Cl ock
cycle. Thus, thae f@&ﬁ'ﬁBpﬁ’i@tSP@B'@gsqrgwnrﬁrpBWsd@sthg&ir%ﬁ% e gcg{ss)%%/ strobes at

the 12, 5% and cgg]e B 24Pl S Ofhe (HRGuenbHIST ek ekotey AVercoshitingng ed DSPES
strobe signal provides failing edges li‘c])r st Tobcs f‘%‘ﬁiné@ﬁgef@uée%a§th%r§@o§e7iﬂ5%
poi nts of t he shomifiefl Gedeuseykq @methgrdn s FARPHSs8en®ttat the two dat a
strobe signal g.{ DRTHR#E. apd1. DSTBn#) are staggered or out of phase with each
other. This allows alternatin tr.ob i gnal s PLAVIEE e fiddehdyner adge
(or strobe) every gbfgPidins ’Bfa“ag‘BE%‘{"E?n CE) c;fgrlcem;"?getﬁ\%egn both dat st robe
signal s). Thi §,fLAMicd@Sndé Wom3kd dbee agent foaby iengves depald Hsdass BAROTEAER “Eycl e
for identifying sanpling. or capturjn 0} Af QbidDRerdtion bn o lida Bt tHes per
bus tf ock 110 W&\"é’fmWH?ﬁhéma‘ét?{%‘éhassﬁhﬁgm?hgﬂ%?Me“cfluelncy of each strobe.
NDr eover, ti Imi qigseaiicht Gatk Fidid if yheireceiven ipdridsideschup evaii Surinaae 38 &ge (i n
this exanple the falling edge), | - Ja06:t Bk FRBRci. A fteLRE Kigithtxt (dats tndobe
S L L et

signal. According t _ ensure correat oper at iss%rr]bustlrﬁand
| at ency of t hedatd sifobesiyare oventoy gresifiver, these FEPARPTIEYF @wnag%?ﬁ) 5% R TT S ver

should be Tes Sregcm e t%gete oqlfle%LivgrQ'Iﬂgﬁrst data element is received at the receiver, as shown by the

20 Di#t(@receiver) signal. The first data element (D1) is sampled or captured on the first strobe,

which is the first falling edge of DSTBp#(@receiver). The first triangle for the

DSTBp#@receiver) identifies the strobe or point for sampling or capturing the first data

ment, and the second triangle for the DSTBp#(@receiver) identifies a point or strobe for
for the second data

ele
sampling the third data element at the receiver. Likewise, the two triangles

25 strobe signal (DSTBn# (@receiver)) identify the points for the receiver to sample or capture

the second and fourth data elements (D2, D4).
As shown in Fig. 5, the first data element D1 may be sampled or captured (strobed)

Q
into the receiver afier the rising edge atthe beginning of clock 2, and no sooner than the 12.5%

point of clock cycle 2 {the next clock cycle). (As used herein, the terms “capturing”, and
30 “sampling” and “latching” are loosely used to mean approximately the same thing).
However, the data for all data elements is not latched into the receiver unti] the rising edge of

bus clock cycle 3. Thus, while the data element D1 1s received and captured near the
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-near the 12 begi nni

15 bus cl ock ninus the input latch setup tinme. This will avoid contention
on the data lines for the subsequent data phase if the receiver becones

t he bus owner during the next phase. Fig. 5 also shows the capturing of the
data at the receiver. After the signals (data and data strobes) are driven
by the driver, these signals propagate down the processor bus 117 and

reach the target or receiver. The first data elenent is received at the
receiver, as shown by the 20 D¥( @eceiver) signal. The first data el enent
(D) 1I's sanpled or captured on the first strobe, which is the first
falling edge of DSTBp#( @ ecei ver) The first triangle for the

DSTBp#( @ ecei ver) identifies rob 0 Luis RL FQGVer ugidRkuri ng
the first dat&esiwpengfis d&ﬁﬂ P?Zz §]é>éh5n tatl? ?%nljnﬁ% {”agr f he DSTBB#(U@'leCeI Ver)
identifies a lggg,mmg(l{fbﬁid?&beyd‘lm Thsmhnm@cnmeftrhblv ihcluggsa FAF @ Aat ndistt he
receiver. LiRew se tria NG, dal dedent FIHOODRIEI gnal
(DSTBn# (@ ec&ky vy ‘}laﬂéﬁ&?cf‘ff’tf%&’ge mg}'tfl& ?1&93‘%1 gﬁfe%el ver to sampi e ‘or
capture the S86QAGh ent ur tlbmetnd & oad darrernster D2 the DAt founslempinfer ihs "Ry, 5,
the first data element D r .66 L 5kdORED the hrigust he
receidver aft efrepsi@ f{uspl Séﬂ%é’ﬂgtdatflﬁ] mngsﬁgr?ﬁ?%g tHjal(lelc%(c‘)’c 2, andcﬁr:olsooner
than the 12- 5%ur@@ia@en€bﬁls@’rm1ﬁ1gqmﬁﬁeé oP lafchbrbow die the BIER te the|regeiver Age fed
herein, the terns "Capturi Al&(gck Hine L@lE RiiRGhe &gt dfo0SEl Y
used to mean é"ﬁﬁﬁ"dﬁ(f"HﬁP’@‘FV[}?H%’dsam 1R8§ ; " S%‘ " he déta for all data
el enents i s nqlahgtathedfor e Arst signal gowi 1v@hcdum4ﬁlthﬁtrh@wﬁ@ldﬁ‘g“edge of bus
clock cycle 3. Thuﬁh @%‘f"“ba“‘“%r“gqi CHRS Qlumpzsc lﬂrﬁ?%\(@di t@&dﬂ?&ﬂtﬁ#reed

us C he data is not

avaij@bl e to tdapies eceickef thaan|datan§obebw¢hr€Pﬁ§Bﬂ# g J&S T8 8L kAE‘if’éi“Bg ‘é’ *™he

receiving agent, preler ALY d Gl telasydighliFQd oLy STRM sighilh,sk cxpruts)d kel er
that is suffi cFERETER" SFSFE el ght data el enents. The ei ght data el enent

FI FO i s | arge fobowangtableo store the four el enments of one data transfer and
the next four elements for Ehg.h @E&boﬁaﬁ&n&éﬁjﬂsmﬁhmvewgéoms four new data
el ements to be received and Cantur ed whil arent s
are being popded or |at cﬁ]ﬁgsﬁ;ﬂsfromthe a*l FO to the $tedesver. The ne
effect is fourpd

t—of—tTeconmon }%ﬁ% ,Ng node]wi th
the gffect of | adding Iat@ﬁésﬂ]#or the firdt signa atila $ﬁghad_4_ns4-de t he

recei ver or deice. ITn adlgll3 ﬁ]g according to an gg’p@,ﬂwmmamwl tiplejlines
are used to capry nultinpl 1 copres—ef dach—of—the—twodata StTobe

signal's (DSTBpf and DSTBng#u7: Sﬂpcordl ng tolan enbBATREHDSTPRYe are four

DSTBn# si gnal stane—+ DSTBp#_Signal s, ag expres i | | owi nd
t abl e. ? o 65 aay o Pressedpl HEPendO y

20 The four DSTBp# signals are logically identical, as are the four DSTBn# signals, but each of
the data strobe signals is physically routed with a subset of the request signals (i.c., a subset
of the data lines) to reduce timing skew or misalignment between the data and the data strobe
signals.

Fig. 8 is a block diagram of an apparatus for transferring information between agents

25 according to an embodiment. A first bus agent 2072 is connected to a second bus agent 832.
The first bus agent 802 includes a data strobe generator V/receiver 1 for generating and
receiving a first data strobe signal (e.g., DSTBp#) over a first bidirectional data strobe signal

Jine 820, and a data strobe generator 2Jreceiver 2 for generating and receiving a second data
strobe signal (e.g.,DSTBn#) overa second bidirectional data strobe signal line 822. Busagent
30 802 also includes a bus transceiver 806 including 2 transmit circuit for transmitting or driving
data signals onto the data bus or data signal lines 826 and a receive circuit for receiving data

signals received over the data signal Jines 826. The second bus agent 832 similarly includes
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15 Exanpl e Enbodi nrent of Data Strobe Coverage Data Signals Df 15: 0] #

D[ 31:16]# D[ 47:32]# D[ 63: 48] # Strobes DSTBpO#, DSTBnO# DSTBpl #, DSTBnl #
DSTBp2#, DSTBn2# DSTBp3#, DSTBn3# 20 The four DSTBp# signals are logically
identical, as are the four DSTBn# signals, but each of the data strobe
signals is physically routed with a subset of the request signals (i.e., a
subset of the data lines) to reduce timng skew or m salignnment between
the data and the data strobe signals. Fig. 8 is a block diagram of an
apparatus for transferring information between agents 25 according to an
enbodi ment. A first bus agent 802 is connected to a second bus agent 832.
The first bus ;aganko®0Rnirfe} UgRs @udabse gherobe? e peareattiop twd datcsiobesignals or

generating and receiving a first data robe si.gnal ge. ra

first bidirectinribs dagpsvabepenshiires Bdhand 832?=ifﬁ586%”2‘6‘,9' A5 a"gé?é’gg%%gged%‘e

generator 2/ r%%ﬁéré’t@xr!%la FRhde 9 BReEAILNG HREmbECQbKOPuskesecBIlnd882 st robe
a

signal (e.g., Bn#) over a second bidirectiopal da 1§t éop% ssi gnal line
822. Bus agent 30 802 allksblatshinghesSpeednitba dddresdinide 8o P ncludi ng a

trangmt circuit fOAcJoF@-H%mai, £ inBi6li9Ent dhd dktIRDine Giat BasDegiatsasehtoG4bites (et a
bus or data signal lines 826 and a receive, cj rCUi%L g[%r receivi ng 4 %?ed
The "§& 832

si gnal s recei weehedirgrsizera seme BeRUghRIPCIINRE BIETes YR8 "BusTagen

simlarly inclydes: 138 Aaid Aldtbei@esaidloakat liddh achiin (stthdies)genes at or
2 for generating two data strobe signals nto the data strobe signal |ines
820 and 822, rtempuitted odrapsfemedip i BSECkEYRen) bus cl ock generator 810

~provides the c Q5 cSYSt £ % b achusaaant & 802 and 832 2.
Mat chi ng t he S%re‘g%@og tciae( § £ (0 RpsYAOKS bR

~Address, Bus To the Data. . 5 According ta an
embotd ment, the cadhevevehi sems B Pﬁ‘é‘éf?"’ﬁn@r"'@%@%ﬂ‘%@“ﬁﬁ“ byt eeg {]'??he
in three bus clock cycles. The three bus clock cycles for the request phase for some Pentium
processors included the following:
Cycle 1 - sub-phase a - address (provided over the address bus), and 2 type of request
(e.g., read, write).
15 Cycle 2 - sub-phase b - auxiliary details for the request, including byte enables, length,
etc (provided over the address lines or address bus).
Cycle 3 - a dead cycle or turnaround cycle which allows signals on the bus to quiet
down to allow another agent to drive the bus, ‘
Thus, according to an embodiment, a cache line can bé transferred over the data bus
20 in two bus clock cycles. However, in some Pentium processors, the address and request iming
requires three bus clock cycles for transferring a request. Thus, in some Pentium processors,
the address bus timing or bandwidth does not match the speed of the improved quad pumped
data bus as described in the above embodiment (see Fig. 5). One of the more scarce and
valuable resources is the data bus width and data bus bandwidth. Thus, according to an
25 embodiment, it may be preferable for the data bus bandwidth to throttle or limit the processor
bus, not the address bus bandwidth. Therefore, to prevent the address bus {from slowing down
or throttling the processor bus, it is desirable to adjust the address and request timing on the
address bus to at least match the bandwidth or speed of the data bus (in this example, for the
transmission of one cache line on the data bus).
30 Therefore, according to an embodiment, the timing and speed of the request phase
provided over the address bus was adjusted to match the overall speed of the data bus. Itis

desirable to maintain the dead cycle or turnaround cycle. Thus, according lo an example
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cache line size in some Pentium processors is 32 bytes.). Thus, using the
quad punped ' signaling protocol and a data bus width of with 64 data |ines,
a cache line (or 64 bytes) can be transmtted or transferred in two bus
clock cycles: 64 bytes = (2 cycles) x (4 punps/cycle) (8 bytes per punp).
10 However, in some Pentium processors, a request (including an address) is
transferred in three bus clock cycles. The three bus clock cycles for the
request phase for sone Pentium processors included the following: Cycle 1
- sub-phase a - address (provided over the address bus), and a type of
request (e.g., read, wite). 15 Cycle 2 - sub-phase b - auxiliary details
for the request, including byte enables, length, etc (provided over the

address lines or address bus). Cycle 3 - a dead cycl e or turn%rn,peut@gsugycl e

whi ch al | ows singrdinsniotic eérizesh bigs tas IgehleRmPEORR YA BV BAGT Ner agent to

drive the bus. Thus, :3GCOLAIVWT tGe@RsPRRALHIRILL cy@leccache |ine can be
transferred o/er the data bus 20 in two bus clpr%pk l(; Ieée. However, in sone
Penti um processors, the dafaampleid ArRepbietumRePg> gt es three bus

clock cycles for tranafghridgdfsiEsi@ftodimbhtis dovble pRmp! Realirgmedsropadssor s,
the address bus timng or bandw dt h does not Eatch t@&e%gﬁqug&jgﬁeﬁ

i npro§ied quad thesmperdriaig A BHHEFLURETYF e N PREVALEVE enbodi ment g;ﬁee
Fig. 5). One of -StJﬁ@rgmg@gg,%glan@s&a@rgcbpemawatﬂnexmsoumesame@ sienaliaz Boffus

S

wi dt h and dat a “bandw dth. Thys,. according to 2 OglL NEILss bistis mMay
be preferabl e fesprdingdo eambomisoh ahiei2gY F\’g‘Ea:BS T llrﬂ)(]ae orn%lglg)’mmt the processor

bus, not the aggfeSSmpssinkanéMiodiden. Therefore, to prevent the address bus

fromslowi ng down ‘or throttling t processor I trninS oS o Bddt fhiadeO

adj ust the address BHETM8& é%@’&?ﬁ?ﬁgm ﬁ’?ﬁ%ﬂwégﬁs%g%&ghgoto 5% |é§§t mat ch
the handwi dt h ok s REAE Ripédmaatgandiaswé Elamerit of infsmatinere griyen prigthe busn
transm ssion of one cache line on th lockRBhaing hRde @ELarAg Ng t O
an enbodi ment , thepiedhapdt i “ﬁ%gnfng%ﬂ%?q%ﬁgﬂgggﬁggt ghagg ngrovid§d19¥Fr t he
address bus wasndulis tstlegclt)o Dratodhght tiwe oy eignel prorasaiiog Uare oF BEPRETTBYS. 1t is

desirable to mgintain th &: Aleiehidh 1o Qe vayE b ariTlrbeforate Grsti ng
to an exanpl en‘?’z Sé%%allgnr’rﬁﬁ%ggtg’hﬁ%% ion'ele y

e address bus was doubl e punped {o prayide
two i nf or mat i orleslentrie htched = dis-regsiase- ACEANE %@nrﬂquggamsnto@cgﬁ\écrrs%nq& 22 in
one bl%s ¢l ock (lzryfgrlrr%tioﬂ?’e]erﬁgn Ex@enkisg &fge Mrddpaiiivepdgp e b&i gorklcyaly Mode
As shown in Fig. 6, sub-phase a of the request {Aa) providing the transaction address
is sent on the first half of bus clock cycle 1 beginning at the falling edge at the beginning of
bus clock cycle 1. Sub-phase b of the request (Ab) providing some auxiliary details for the
transaction is sent on the second half of bus clock cycle 1 beginning at the 50% point of bus
20 clock cycle 1. These two information elements are shown in Fig. 6 as the two rectangles for
Az 2nd Ab for the A# (@driver) lines. (Aa indicates sub-phase a of the request provided cver
the Address lines, while Ab indicates sub-phase b of the request provided over the Address
lines). Thus, the address bus is double pumped because two information elements (Az and
Ab) are transferred or sent during one bus clock cycle.
25 Tn addition, because the information for the request will be sent using 2 double pumped
signaling mode (two information elements per bus clock cycle), the information is preferably
sent as a source synchronous transfer. Thus, in addition to the two information elements, the
driver also drives or activates an address strobe signal to provide two address strobes per bus
clock cycle (when activated). The address strobes provide or identify points for sampling the
30 two information elements (Aa and Ab) sent on the address bus.
According to an embodiment, an address strobe signal (ADSTB#) is used thatis the

same frequency as the bus clock (BCLK). However, 10 provide two strobes during the one bus
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In general, according to an enbodi ment, a doubl e punped signaling node
operates 5 the appropriate bus signaling group at twice (2X) the frequency
of the bus clock (BCLK). Fig. 6 is atimng diagramillustrating operation
of an exanpl e doubl e punped signaling node according to an enbodi nent.
Wil e any signals may be doubl e punped, the address bus is double punped
in this enbodinent. Referring to fig. 6, the ADS} signal goes |low at the
begi nni ng of the request phase. 10 In the doubl e punped signaling node,
two elenents of information are driven onto the bus in the time that it

takes to drive one elenment using the comon clock. signalin (1. 8.
during one buSodlopck, wyclabing ciiee andrFing ¢gREs intlﬁédfrﬁ?sgsg%féqg“a[)r\r?’g@gguzﬁ(ffaosn

time on the processor bus.. - L1E C QRS i IBAk i@ QbHer0y plonided med tien
el erent my beAPRBIE SET R S R e s e

efore the first el emgm%t hed at
the recei ver (s)ddredemer A shgwh on B 6ethbditiernsiatespraddgsst SPOP° LR & 5
information el ggent. on the rising gL N8 imQ9%: P& ddmeat 1 (A, Betsrdilgock
cycle. As sho H°‘?éi°8‘?“sé?°°{s‘&>b°-‘%h5“§§g§‘of the ;equest (Aa rov%_gf']alrslga&he

transaction adgrzpesbodimersaht adsress seobé for gt fgililogrt geminhtié Tyl

beginning at the falling e b d RBS PR sifdp(dal@ck teypstobt of
Sub- phase b of Wﬁ@”?@dﬂ%@?@%ﬁ@eﬁ@%%lgﬂgﬂsone auxsi;_] iar?z dgtails for fhe
transaction i sbsemickeytid Hewbicibnddduesh sradf fasuke rBEiegRlien MARPHY at

t he 50% poi nt of bus. 20 cl qck TEN8S80d e IANSTBABhA Ndrbles AR 7SYar e
shown in Fig. Bhaégb?fﬁ}éerfqm%gfiégf%ﬁﬂlge ?é%th?i‘%?% A5 and Ab for the A# (@iriver)

lines. (Aa indpeatdsustiirkphesé). a of the request provided over the Address
lines, while Ab i ndEQ&Hﬁ%ﬁ%&&QE@&%wQM%s!:ﬂé‘quE&qlﬂ%ﬂs Y sk delie busriock)1ee
a

Addrégs ‘l'ines). Thus, ress bus is doubl e PunPed {)ec use Lua s
i nformation el ensidck siodkd rmnbe vsabhis thersobe signak far Peid ogPa B RIE™GUF PG one bus

¢l ock cycle. 23l D5 3d0h L 00 or PR FIRE ardd 1B ih HEdRES@R tie @PproB atel thrgesy dipreser, th | |
be sent using a oubl e punpgd Si i i r.mat |

ignaling node (two.in . SRALS per
bus cl ock cycl pscledseiznafson waspaivaied (3ppRaPEsdipt i(}“’%g%ﬁta](‘gas‘ ’%a“s‘g{}?"gée“ he
synchronous transfer . ThiSeus fnd@i tireRddresst dhebd wenal i wedrid poride| septeentos,

the driver also drives or activates an address strobe,sj t Qyigde
two address st rsepgingpeintsyonthe sy e EROEHRINE I TRGIE LT t\?]g %%35§Q$JFI1%¢ Sg giess

strobes provi d%éwatéd%ﬂkh by deidnh&ivbed (tsaemsfnegatdies oB30e ttato of pifast ol Ryh

el ements (Aa and Ab) sent on the address, bus. Accaordin 3R (EIhegiBet
an addr ess strdb@ks%‘ghﬁ“lmg(‘h‘bé“%ﬁ?“'feg Eqadlr PRSEOTE ¥ ﬂ‘!gwg;é%g f’rteqtljjenéy_as

the bus cl ock (BGhdatcHeOMEy@Ey in the ifforaniicheatdhons bhokasordiiet ¢it HIHRCUREMEs 15
clock cycle, both falling edges and rising edges of the address strobe
signal will be aigegzgshme.

20 The information elements (Az and Ab) and the address strobe signal propagate along
the processor bus 117 and arzive at the recejver at the beginning of bus clock eycle 2. As
shown in Fig. 6, the first information element (Aa) is captured or sampled on the falling edge
of the ADSTB#(@receiver) signal and the second information element is captured or sampled
on the rising edge of the ADSTB#(@receiver) signal, as shown by the two triangles on the

25 ADSTB#(@receiver) signal. Thus, it can be seen that the receiver deterministically captures
the data or information based on an indication from the driver when the data is valid (and
should be captured).

According to an embodiment, the latency of the data transfer from the driving agent
to any receiver should be less than or equal to one bus clock cycle minus the input latch setup
30 time. This should avoid contention on the address lines (or address bus) and other lines for the

second or subsequent phase if the receiver becomes owner of the next phase. The net effect
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strobes or to identify sanpling points for the two information el enents
provi ded over the address bus. As shown in Fig. 6, the driver activates an
address strobe signal (ADSTB#) at the 25% point of bus clock cycle 1,
which is the center of information elenent | (Aa). According 5 to an

enbodi ment, the address strobe for the- first information el enent (Aa or
sub-phase a of the request) is provided as the falling edge of the ADSTB#
signal (driven at the 25% point of bus clock cycle 1), while the address
strobe for the second information el ement (Ab or sub- phase b of the
request) is provided as the rising edge of the ADSTB# signal (driven at the
75% point of bus clock cycle I). 10 Even though the address strobe has a

frequency that is the sane asthebsclo bus s@houldcyet be
used as the stisobes b bprdMidttor cOREOT NP SHREt I“ﬁﬁ“og?vé%ﬁ g Jbg@guse@t ﬁec)ggs

cl ock si gnal d&gﬁ,sﬁggﬂaﬁ)gﬁw %gﬁh@ieﬂgus&iladqefca:hbomg cedgescrat t he appropri ate

times. Moreover us clock sjignal_is alwa act Sl (AFoaRpesed to a
strobe signal that Aeoringtoar érab%’m(’?v‘ »dbfy e Rgve 1’%@fdtfjsracilg‘\!r%{l/ncPlronous

transfer). Theg taﬂ%&e&am&m@@ e18ing N &bndnBradoee thandpregniivd durerbyeguest Phess-
S

sanpl i ng poi nt r the two info tion nt ade @gsndt r obe
si gnab can be Thieeliayet danepisdiFt Ld’ 3se§r?ﬂga"en§1c?e?°v§'?oggy§q[qﬁsﬁ %208 S

regardl ess of EJ,?,ﬁnéjtlath%mro mﬂa@mo@fngtaheemmmlewkms@g;vmhawbmbgsctar?ézléfﬁbobe

driven fromthe sane source as the infor deliaymt pcdibe. strobe
mat ches the dep‘@;?e?ﬁf"tl?f%"l?‘ﬁfﬁuf‘ﬁép%ﬁead Outmﬁ\hé%gpeoglfﬁgv\s more t han (()ine bit to

be on a wire at theghgamR, mm:;gm B riBh&miemf otivel 198TseTabieynel 't Ksed2h%e Ab)

and the address strobe si ag: PYroteD & pﬁp%slggﬁmbmﬁ elleilnzmand
arrive at the F%‘%F“%tﬂgpﬁ ™ @g’?knn%rgwg‘lf& us ol ook cycl e 2.

Fig. 16 the fi ksistdrel@veraht odires bnenht W)frqqgerwbtfﬂr%a‘éﬂ’e%éﬁ%‘ie Qﬁ‘“ Sﬁ‘"‘fhe

falling edge of the ADST ar ); Aduatind Tn&ea ©bend Mifeovenpdny on
element is captfrﬁ?‘%acyo?sg %#% %8?8%.}@( égﬁlgl nuat c 1

ADSTB#( @ C: ce] gfinmesiygnaie, strdg dyhyowee lﬁ?ﬁsﬂ‘?bp(tsﬁ\b Py |°§hot§f’%’§e W Piggniggmaten

ADSTB#( @ ecei ve '&U& ibhis 8186k BRleS arAce! ha:hg]c address strobe at the same
t hCTeQG Vor det &1 n%“ﬁlgga‘{‘aéérﬁ a

ca tures far asgcheOn an
i ndi cati on f r orfretbr@cyizs thebus h”’t‘ﬁlédh%ﬂﬂh arglge’g“\t T g(c aﬁeg a%s"ﬁ%fﬁ 39%% )
capt Sﬁ AccQr i NOmt Qadidds gFRedhieent, the latency of the data transfer
e dr

from iving agent to any receiver shou RS%n L\RE, Qith @AY Bhe éf0 ONE
bus cl ock cycle ni nu’s“eﬂﬁé"qlhH&‘{“pfea[f’rcthmg%‘fams SUQBPS?FJa Thi's shoul d g oi d

contention on the.pddsmse dirasubersigddragssidus y serhs- SeHEFTPIFRIES 6 the

-Srﬁ g ° 2 Ceit Oef fS gg tS es%ggensE gnglha%tsweatédf(hagabmg a 'fa%?n%le}f& at%%}%%%m%?dlc Dindl bzombadtirephase.

strobe signal activated (having a falling edge) at the 75% point of ¢ycle 1 couldbe used. Thus,
20 the activation points of the two address strobe signals would be offset or staggered. Because

only two elements are driven during one bus clock cycle, the frequency of the address strobe

signals could be chosen to be the same as the bus clock frequency, or another frequency.

Fig. 9 is a block diagram of an apparatus for transferring information between agents
according to another embodiment. A first bus agent 802 is connected to 2 second bus agent
25 832 The first bus agent 802 includes an address strobe generator 940 for generating an

address strobe signal (e.g., ADSTB#) ontoa bidirectional address strobe signal Iine 920. Bus

2 also includes a bus transceiver 906 includmg a transmit circuit for transmitting or

926 and areceive

agent 80 ‘
driving address and other si gnals onto the address bus or address signal ines

circuit for receiving signals received over the address signal lines 926. The second bus agent
30 832 similarly includes an address strobe generator 942 for generating an address strobe signal

onto the bidirectiona) address strobe signal line 920. The second bus agent 832 also includes
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is twice the bandw dth of common cl ock signaling node with the effect of
adding latency for the first signal group being | atched inside the
conponent or receiver. According to an enbodi nent, the receiver includes a
four el enent FEFO buffer for storing four information elenment transmtted
over the address bus during the request phase. 5 This allows el enents from
sub- phase a and sub-phase b of one request to be received and captured in
the FEFO, while allowing at the sane tine elenents froma sub-phase a and a
sub- phase b of a previous request to be read out of the FEFO and | atched
at the receiver. Therefore, according to an enbodinent, a single address
strobe signal is used at the sane frequency as the bus cI ock to provjde the
strobes for thlEbuEMstdiﬁeo?mmcﬂtdmgelr@%m@u”11‘(91 atreRR BiCH b T GORTIIERES Bl ess
bus, At these frequenci.es a | (the;game frequency as

t he bus cl ock @Fgﬁgi‘"}’g Sighals Tefpegtﬁljt%gn%g{ﬁg?\dd?éssg ﬂgrt% a probl em Nboreove
asymBne" in the st rﬂbﬁsodhtwaboymbéaléjﬁw&ﬁ@fOTEGQ@’CéE““E)?B(E‘BHCéWF%E%ﬂJ‘é‘éW%EHSy t Wo
i nformation e S ar dSin@ hiPfekireEHE Lﬁstchmaﬁnsnanﬁl ngl e
addr ess st robel%?g%%éus"%ﬁ%r}é&{u ‘%m Tégnggglag?m&e bus cl ock Elin whi ch E
fallifig and rnshﬂtgnedlgéecyalpwsws da@‘%ﬁumﬁb%gr@h?ﬁrb@e I@JSU@QH‘hFB?d'TSﬁ Hs
address strobe si, Oaaabu%alvﬂq%%!xﬁuéﬁ%awméﬂgkﬁuh REH(RdvidewR balawled gseccsbiahe

signal s can be™" 4% one of dges of each addresds strtob
si gnal bei ng mﬁsa@emiﬁmemﬁ@fr“%i}éﬁfﬂhé rerypipg ggnalyrlf FaSmiLsd BEE 1 gnal

activated (haV| I;lrg’m% o@]l(glxpg‘g,%gg)m,@g the 25% point of cycle | and a second
address strobe § gna

Ivated (having a_filli n‘% fgﬂ’e%c{% ti be 75% poi nt of
cycle | coul d ¥H. LIRSMIHE'FMJB“SIZI‘J“’F‘I’?JO&E‘E eaBr Rt §06F YHE two addr ess
strobg signals mu'ﬁés&ﬁwf%é S6be, QEp@E@QﬁBtﬁs@ﬁbwﬁem&lﬂ%d rcqvﬂssﬁnﬂwabdnémﬂts are
drlven during one bus clock cycle,

e
signal s coul d Beouehthe i Ofﬁ‘uiﬂé’“f“ﬁféi %gﬁ'ga&“‘% ’S e C?)Sc?l%n %&%Sﬁ%ﬁgﬁ%g&
anot her frequepeYaardst Bus) shdicsta Bardbvaiik(od tmgﬁtams@fs dam: \alp‘par intrepsing e data bus

transferring infornmation between. agents netibsliosMaadiamnt . A
first bus agenidgp4 Wegh BTS2 %ncsgﬁgﬁ Qh@g;ﬁg%ﬁ ¥ 1%3% The first

bi as agent 802mhGldiciane s’iﬂ:caﬁhﬁhtgwsof@srmbrecqyeﬂéﬁém@?’mgﬂﬁh? Brtig@metcsthg an
address strobe signal (e.g., ADSTB#) onto a bidirectional address strobe
signdP line 920. Bus agent 802 also includes a bus transceive

i ncl uding a transni in oine ittt wecctsERNS AR FYPCK FIENAINE moﬂﬁwéﬁl&l‘:éé"sﬂ&ﬂ'ﬂt ot her

signals onto the t%lyfiEgfsd§taﬁé{%u9&oc§@§tﬁee§§g§4¢g&aineé waﬁsp&ﬁﬁwammmascedeme
circuit for re5 als recel ved over the addreglmegtlog% chtpogsmg%

The second bust@WSl@QC@B@“EP‘Iﬁ"I%‘FF)S?ICF eICHIES A TGP EEL S oBE geher at or
942 for gener atc!:cﬂ@h%a@ﬂa@x"e@s’i&to%ﬁ b RbCanE b gRdpumptgnilvg modirrwottioaRbYsE dr ess

Stf ObZ% signal lplcrnkils clocl'( C)-rl;?e% cgnelg:eour:];gd E)ggndaaq&léytesc%%heaikn%Qn Wtﬁéc&?&k cycles. In

addition, in some Pentium processors, a request is transferred in three bus clock cycles,

including sub-phase a in bus clock cycle 1, sub-phase b in cycle 2, and 2 turnaround cycle (or
dead cycle) for cycle 3. According to an embodiment of the invention, a double pumped
signaling mode is used on the address bus to transfer or transmit both sub-phases a and b of the
25 request in a single bus clock cycle. This reduces the length of the request phase to two bus
clock cycles, which matches the Jength of 2 cache line transfer (also two bus clock eycles).
Thus, because a request phase has a length of two bus clock cycles and a cache line transfer
requires two bus clock cycles, the beat rate or beat frequency of the processor bus may

generally be considered to be two bus clock cycles.
30 According to an embodiment of the invention, the bus protocol was retuned or
modified to adjust the latency or delay between the beginning of successive phases 1o more

closely match the new beat frequency of two bus clock cycles for the processor bus. Fig. 7 is
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17 5 10 15 a bus transceiver 936 including a receive circuit and a transmt
circuit for transmtting signals and receiving signals, respectively, over
t he address signal |ines 926. As descri bed above, a data transfer of one
cache line can be transmitted in two bus clock cycles using the quad
punped signaling node, and an address request can be transmtted in two
bus clock cycl es using the doubl e punped signaling node. Thus, both the
address bus and the data bus have the sane peak throughput, which provides
a bal anced processor bus. Unless otherw se noted, nost if not all of the
remai ning signals are transmtted using the comon clock (1X) signaling
node. VII. Retuning the Bus Protocol To the New Beat Rate tr}lmémgkagﬁ gycles
As described abbagmm {iherpne dessomBUSERyRFidgas PR ETdREES Y dgaest dat a
bandwi dth t hraobugaqio L rg%uggeﬁgipg(xglrgsb orBUIHRE). SA-atidnngrt redueg ORsy), sThjvipgnd

i ncrease in re ues t he address bu d5h (on

the data bus) resposter(Besn) pheoes art Se@asT HE Fﬁéafala’ﬁsa(s%?fém"“ d?“ﬁ 'zb%%qi% ié) (

W hout sl N A EARIELVE hREKINACRS of G iRGrckoOfalagThe fasdompmrigicaics

mai nt ai ni ng the Sane basi c bus protocol as.us hase aggnﬁerggmtdt}g

Pent isum pr ocessommmimmguireo HPIPWﬁF%&%‘%F‘@ beginn n ck’'Si'gnal i ng

mode was used tghi’gn%ﬂf%%&ceﬁ&'s%ﬁl@%?&oﬁnu%&ﬂwﬁﬁﬁ1sbuﬁxe®ihe®k)lm@l‘@mﬂg‘i"hg 64
iC

data |ines, ermtte byte cache |ine o four
bus cl ock cyclmsnmumtﬂmndy hefwee RiAsea ABHIPMBRE PIEPCP RES a%\‘/’Ste @g%%%%qndcrac he

line was incr e@;ﬁ% rﬁa?chQﬁe 4R frtﬂﬁlﬁcﬁofqﬂaduwmeﬁbl‘sl Yrealyi qngmmj@rels showm,

(transmtting ytes 20 per bus cloc g 3mb4
byte cache |i n‘élsnrl’rﬂ“tamﬂbh%‘eréIIWI&hWE} g &%{ Léﬁ?e n?eﬁeeH%ﬁgg%%%nt i um

procggsors, hhﬁ%liocés'émfs&mfeﬂibbﬁﬁllemtmftﬂameentlmns cl ock cycles, including

sub-phase a |n us clock cycl subs phas Ecrdwm B @ id @i ound
cycle (or dead cycﬁé‘)°t?dcﬁb°‘é‘*y§’FB“’%r““’ﬂl:a£ gemee 0 ‘%Qé"n%oﬁ? ment of tl{’}gn
to

invention, a deiihecRiiaerts. sdfgriag tomds. mﬁemmm@@néhbW@“éﬁd’F@%‘“%

transfer or transm.t hoth sub-phases fe Hhenar Jt@g@tnanghcamsu)ngl e
bus cl ock cycl abitpHprpha géﬁé l{)ﬁ'ém'f'%ﬁ th r\gefgp?}ﬁee re uest? 1 &g tQ two

clock cycles, vhiah uﬁa;hﬂéte&t twloebub eangmclgsf “Bhegaipimen] P'ﬁécyt Fg“("é‘r%‘”f"‘

bus cl ock cycl es) ecaus g5t oPhase hﬁq&xaabdeﬂﬁl@:fd@se(dffrotm:'bus
cl ock3cycl es aﬁﬁ“%f‘%hé&%gﬂ]el n%m}"r‘gadgfgoggyr equi T es ‘Wo b bus ¢l ock cygles,, the
beat rate or bead clédkagtlenoyhet cxche. FhoTEYBER 1HEnsy Rpiyecn the deainnng

phase to the beginning of a response phase remains unchanged at two bus clock cycles. The

minimum latency between the beginning of the request phase and when a target agent can

assert the TRDY# signal has been decreased from three to two bus clock cycles. The minimum

20 latency from assertion of the TRDY# signal to the beginning of the response phase remains

unchanged at two bus clock cycles.
In addition, the minimum latency between the same or correspondmg phases of

successive transaction has been modified to more closely match the beat frequency of two

clock cycles. Referring to Fig. 7 again, the minimum latency between successive arbitration

25 phases (e.g., inimurm Jatency between beginning of arbitration phase of transaction 1 and the

beginning of arbitration phase of transaction 2) has been decreased from three bus clock cycles

to two cycles. The minimum Jatency between successive request phases has been decreased

from three bus clock cycles to two. The minimum Jatency between successive snoop phases

has been decreased from three bus clock cycles to two. And, the minimum latency between

30 successive response phases has been decreased from three bus clock cycles to two.
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~generally be considered to be two bus clock cycles. 30 According to an
enbodi nent of the invention, the bus protocol was retuned or nodified to
adj ust the latency or delay between the begi nning of successive phases to
more closely match the new beat frequency of two bus clock cycles for the
processor bus. Fig. 7 is 18 a diagramillustrating the mninmum]|latency or
del ay between transaction phases (including arbitration, request, snoop
and response phases). Arbitration (Arb), request (Req), snoop and response
(Resp) phases are shown for two transactions (transaction | and transaction
2). Nunbers are shown to indicate a | atency or delay between phases. The

first number indi CRLESHr n%;ﬂ?se%m%‘ﬁ@cﬁUmﬁng%thQlﬂﬁetcelxﬁ’lﬁrl&t@rygfﬁﬁiebﬁiﬂg&en t he

begi nni ng of phases as | some Pentium processors, while the
second nunber of whiiGhetioss forheas errtdsekios haf thasedht eenty pediad deHFATE MRIFHT St ency

bet ween phaseg after . QL QGO adisted or retuned to nore
cl osely mat ch °f chnnphagebgw% reauency a(f\qatsc\}/?o beuz clock cycles, If onl% one

number is shown, {Wies arqudéstiag sasnttdeag not ¢iar tbe bus, W?@SQ(?H%FHQéB“P Witk prarhide
| at eg:‘cy bet Wee[—];ﬁ;g hr?‘&ﬁ'%h ﬁé%ﬁgﬁn%%t&g&ﬁes e b0s RQBL Iad RE @@lﬁsﬁfgﬁcrﬁﬂd‘)ﬁ&

enbodi ment of PPH& T nvent i not ed above, the mni mum| ater,iljc gaﬁv\f
t he phases shahwbus nWFQTghC tpansastioentesait sEauestRbeBud T IEE RORPaTeL DR ng to

Fig. 7, the mﬂ;r;]e' \';%s gﬂa(;p% Rﬁgﬂ\@%ﬂalt Gﬁléaﬁxgg' DdHan@dRebs) a drladnbﬂt)rlig':ltvﬁtﬂnhcphase
and the begi nni n 0 request phase for transacti on

g, tr anﬁlfa} tion
1) remains unmhamgmc&déw%tams%ﬁéeﬂé g2 Egdp BN SPREPIRG ‘?ﬁdﬁ’i‘fm PRICEREY M Pom t he

begi nni ng of g sl t‘@,g@c th @f {hlaecdg@ﬁB 34, n‘@rl@ifls @lxﬂlﬂ@dﬁfoﬁ‘hﬁﬁ)ﬁ faftha
transacti on has ecreased rom f our

ﬁ!@% XC es 5? thr%:ugé/cl es.
The :M ni num | at@n@ys %@W@’é‘h‘h%ﬁé 1%@'}“?1%4?%@3’1513"33!% it e dga DYl
begi nni ng of 3§, (LRAGHEEIRNIARS), 1 @FEND D, HBRBAREYRAgAnd atker tarsactibwibiormytEdnes.

The mnimum ["atency between t he begi.nni.n he gauest, n en a
target agent C&w firsiandseond Fb-PPRESYHCON YA ’hgaélcglés gg’éﬁreéa‘sseaggsﬁﬁg%aﬁ ¥€et

two bus clock tsx&ér@%du;felagﬂmrmuegﬂmfaeaah«a{(ejgcmumdm}msemww Qfr thieddRRDY#
signal to the beginni he resg nse phase remains unchanged at two bus

n
cl ock cycl es. h“ﬁ‘éﬁfd‘?'t"%éﬁ %xt?émrﬁaﬂ FIAT at ency between the same or
corrgspondi ng phasesccofding meenhsdivent: everySacseiton hitesnepenasto dr e 't 3 for e

closely match the beat f eguen WSvEYie) £8ansRRabeletdrdin Stao‘,alﬁag 7
again, the ni e S'é"togﬁ‘éase c\g?\%gﬁeﬂsj%r\ﬁeeagg!{ g\%e AFbitration 25 ;;hag

e
m ni num | at encyt MMQﬁxr@bgCMIlnrglnoﬁnyéaubﬁgeﬂhﬁ fashe- pRbgs&osk r?‘r“é?r@?fc‘f‘?‘(ﬁﬂc and

]E he ,t) ﬁg I nn 13 N5 Ofthe?‘r Qémsgcl"i’i&ll R b@Q@r’ﬁﬁle@ﬁ inldr@d 5131%}‘ Welepred@BpdisibR odecreds ed
rom ree pus
cornplcnon An agent can delay a iransaction if it is not ready to snoop by stretching the snoop

20 phase using a snoop stall.
Each of the phases will be described, and highlighting the differences implemented to
decrease latency between phases (where applicable).
1) Arbitration phase: No transactions can be issued until the bus agent owns the
processor bus 117. A transaction only needs to have this phase if the agent that wantsto drive
25 {he transaction onto the processor bus 117 doesn’t already own the bus 117. Accordingtoan
embodiment, a bus arbitration protocol is provided that supports two classes of bus agents:
symmetric agents, and priority agents. Processors on bus 117 typically arbitrate as symmetric
agents. The priority agent (e.g., system interface 116) usually arbitrates on behalf of the VO
subsystem (/O bridge 124 or VO agents) and the memory subsystem (memory agents located
30 in the main memory subsystem 122).
An example signa) group which can be used to arbitrate for bus ownership is shown

below (As used herein, the # sign mdicates active low signals):
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to two cycles. The mininmum | atency between successive request phases has
been decreased fromthree bus clock cycles to two. The m nimum | at ency

bet ween successi ve snoop phases has been decreased fromthree bus clock
cycles to two. And, the mninmum | atency between 30 successive response
phases has been decreased fromthree bus clock cycles to twd. 19 Each of
the phases will be described along with a brief explanation of sone changes
or nodifications to the bus protocol for that phase that contributed to a
decrease in |atency between phases (where a decrease in |atency occurred).
When a requesting agent does not own the bus, transactions begin with an
arbitration 5 phase, in which a requesting agent becones the bus owner.

After the requesting agent be ﬁgﬁng fnalBe transaction enters

t he request phase Ina first ég‘gﬁg%}ase su - ﬁﬂge a) of the reguest-phase,
an ADS# signaj_(Tndicating valid adg driven lahQnopietnBniche
transaction apBn&EgrahNAME f i ci ent {E.Sﬁ).en'z@l“ to ue@!%‘jﬁmpi—ng—arm‘ menory

access- In th,svﬁg&qugélpﬁugt@§@t(smﬁgme b) of tHSBREYEESt phase,
various auxi l V. -A-eFratton—ot re_IT0 Tequest 1S 3¥%§§n onto the RQus
117, incl udi n;PbgﬂreAgmmBheJ&eq@ﬁsmdl cal BR&*whi ch data will be prdvided
on the data | es})( a_deferred ID, 15 %rl@actlon Iengt hgrad ot her trangacti on
i nf ormat i on. PEr&Ei second § phases—ate—dtHven—durimgomeHus

cl ock cycle. 5‘%0&9( resul t, accordi ng|rogKan enbodi mentLO¢KE request
i nformati on (e—g——uech—of—whrTth TS5 provi déed over the address bus) is said
to have a 2x data transfer rate. 15 Accordl to an e

transaction has a Shoppcsstrabes ! 1TRESREHEFE GF‘fnés tOF’P’SH%e%ueSErgag%gatgygg%e

i ndi cat e whet Hh?heasgﬂh‘éﬁx% aggnks\é%afté}ﬁrtﬁeme ar&a&ﬁlommméfoenmeewmoval id
| il

or nodified ( ine in any ent's ¢ gpg% ggsul ts
al so10 ndi cat e sclvdm ﬁbﬁrarhlﬁw(alﬁ%‘telgaﬁa’?ﬁﬁs ?a”b CEI ?réﬁl?egi I:'haglt;r(;frg der o ey be

deferred for % t};’a& %eﬂc 2l Bds a uﬁﬁﬂﬁ)ﬁ\ﬁ'xt Iﬂiir’asm@md agesst (cEansHds (h§/ 293)

transaction if i s not ready to spoop by ol 1S MOt phase
using a snoop @ﬂartlltfatlEaC‘h“ BF"“fh‘embcHEE ey Aﬁérlfgstcgggggl bedt an%&ﬁﬁﬁn i ghting

the differ encei%nwealb%gmsedztm 3deaheameeriuamm“ﬁevm@ww deasading

applicable). 1) o ohidakon one. 048 bﬁﬁuﬁd:vwn,tthd t he
bus agent O\anrcf]ﬁ?é“- Wg§0 aﬁﬁ oit%lgm«g i\%gél"f‘ﬁso vedd@ar

transaction rgqlqy neeg m uﬂsv
thi syphase if gylﬂ@m&ge,@énmﬁtathe\magits ptieritbiogrmes DEOYIFE R BRSRIE BN REE "t he
processor bus é’lﬁe ,gq-Bsn L a he?&%n ngﬁepﬁn&W prk%tmé\ﬁs&(ﬁfﬂld‘l@si G haprionity

enbodi nment , FiT% ¢ &2 "on pr ot oco rovi ded that supports two
cl asses of bUSa@gt&mh&% higher priority that the symmetric Goemer.

A symmetric agent requests the bus by asserting its BREQn# signal. Based on the

value sampled on BREQ{3:0] and the Jast symmetric bus owner, all agents can simultaneously

20 Jetermine the next symmetric bus owner. A priotity agent asks for the bus by asserting BPRI#,

which temporarily overrides the arbitration scheme because no other synunetric agent wi-]]
issue another unlocked bus transaction until BPRI# is sampled inactive. The priority agentis
always the next bus owner. The BNR# signal can be asserted by any busa gent to block further
transactions from being issued to the bus (usuvally used when system resources such as buffers

25 are filled and cannot accommodate another transaction). The assertion of the LOCK# signal

. . . ot
indicates that the bus agent is executing an atorme sequence of bus transactions that mustn

be interrupted.
The priority agent can deassert BPRJ# and release bus ownership in the same cycle that
it generates its lastrequest. In some Pentium processors, after the BPRI# signal is asserted, the
30 BPRI# signal must be deasserted {or 2 minimurn of two bus clock cycles. This matched the old
3 bus clock cycle rate (in some Pentium processors), and so provided symmetric agents and

pricrity agents balanced access to the bus. According to an embodiment, the protocol was
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symetri Lo

a?bitratg :gegsiﬁe?nd priority agents. Processors on bus 117 typi cal

116) - usual |y arbitrlc agents. The priority agent (e.g., systemint yf

110 agents) and therates on behal f of the 110 subsysten{(I/O brid eeizice
menor y Subsysten1122nennry subsystem (menory agents |ocated 30 ingth ir
arbitrate for b ). An exanple signal group which can be used t e min
ndi cat es activgslomnershlp is showmn below (As used herein, the #Os'
hmEWmmﬂcA;ngmﬁ:%EMWEA%HMHWS%MESPM@W
Request Lock Pi gwﬂ us Request Priority Agent Bus Request Bl ock Ne  gnal
BREQ) 3: 0] # BNRY LOCKH BPF BRU3: O # BPRI# BNRY LOCK# Si gnal X
agents to sinmult PRI # The processor bus 117 allows a plurali of
arbitrate for %l"ﬁe 98&8"'% \iﬁ%qu@l%?mats@néﬂm be ¢eesserisd &nly {oF 2 rREnug #fﬁ? I’LI]SCCE&a%ent <
The arbitrati chg@ﬁg@ngﬁé@aﬁ@ggﬂ%{&? ili{qguchQtQ'nBoJiQEtﬁEdﬁi}grts&rﬂvﬁ)bdstcspdﬂ_@Clsc hene.

_ _ It access to a
symretric agepts...EaehbusmpaRlat or agenen %mé@“e&yﬁﬂﬁ?‘ﬁﬁéﬁ%g‘?s’i{ Fgazgsr gLe? lat

reset (e.g., agents 0 ; : _
(2)r der. After r gs et, A{aé@?‘lﬁ’ ‘%Bﬁ% S.fg%%%ﬁnla%%ésd{t%?wum& eq@@aifor bxampler Cudnar
- i
, andj 3. Each a§¥££m§éoés’ ot age Biffict msaiTers t@_su@gﬂﬁ?g%tlh%éfaagagh%ql %'?r Qé% agents. |,

embodiment, a request stail protocol is implemented and is determined based on three slates:

Mhenoni ¢

1) Free: In this state, an agent's ability 1o issue requests is not limited by the
BNR# request stall protocol, but is limited only by its ownership of the bus and by the request
rate. In some Pentium processors, the BNR# sampling point in the free state oceurs three clock
10 _cycles afler ADS# is sampled asserted. According to an embodiment, the BNR# sampling
point was adjusted 10 occur two clock cycles (rather than three) after the ADS# signal 1§
sampled asserted. ‘When an agent intends to stop a new request generation in the free state, the
apent drives BNR# active in the clock cycle before a valid BNR# sampling point from ADSH.
In the next clock cycle, all agents observe an active BNR# on 2 BNR# sampling point and
15 transition to the stalled state. :

2} Throttled: An agent may issue one request in this state once it has
ownership of the bus and the maximum ADS# request rate has been maintained. The BNR#
sample point is in the first clock cycle of the throttled state. When in the throttled state, if
BNR# is sampled active on 2 BNR# sampling point, the stale ﬁaﬁsitions to the stalled state.

20 If BNR# is sampled inactive on a BNR# sampling point, the state transitions to the free state.
3) Stalled: In thisstate, an agent may not issue 2 request until BNR# sampled
at the BNR# sampling point was inactive. The BNR# sampling point begins in the bus clock
cycle when the stalled state is entered and every other subsequent clock cycle as long as BNR#
is sampled active atits sampling point. A request stali state isalways initialized to stalled after
25 a reset event {either INIT# or RESET#). An agent can extend the stalled state by asserting
RBNR# every two clock cycles (before the valid samphing points). 1f BNR# is not sampled
active while in the stalled state, the request stall state will transition to the throttle state.
Therefore, requiring the BPRI# signal to be deasserted only for a mimimum of one bus
clock cycle (rather than two) after being asserted, and adjusting the BNR# sampling point in
30 the free state to occur two clock cycles (rather than three) after the ADS# signal is sampled

asserted decreases the minimum Jatency between the beginning of successive athitrationphases

from three bus clock cycles to two bus clock cycles.




reflects the symmetric Agent
arbitration event,
the owner and may enter into the request
of higher priority preventing use of the bus.
hi gher priority that the symretric owner.
bus by asserting its BREQW# signal.
BREQ 3: 0] and the last symetric bus owner,
20 determ ne the next symetric bus owner.
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the 15 symmetric agent with the highest priority becones
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si gnal

%Bbjw&ansag:o@fﬁcmallr ways

gi Q@@erlﬁgfb HEMRSSHEA QK5 rbyueal’pyadausor&g:@mnop o
rom bei ng

syst em r esour oesclsdadyclas dveeftibwr Bhexgausst@hdst |eligesing ©

he fir B%aﬁ"%ﬁt% [do@8k Afasd) B 4&%6@(@3@@ thelsmbmtaxbagmamdt t he
an atom c sequence of bus tr

be irgerrupt edhe'l'rla@epxmhme} tﬁyq@gfemﬂorf@élﬁn tdranwufied dEPRg

T B

er t

ﬁﬁﬁfgg when

E’“g”’%t not

is asserted t
gl ek © kgﬂggggfﬁfﬁkﬁgtched
and so

ed access to the bus.

According to an enbodi ment, theEf8{ ed to require t
BPRI #. si ghal to—be—deasserted only fOf ¢ hus.c gghﬂmpyc e
af t eiObei ng agskinNewe Thi s| Risdipangnic ; S&ﬁ?%@ﬂ?ﬁewgﬁﬁﬁggﬁ SUpPortS—a
bus cl ock cyclie % ratej ,pag bus clioglcycle fapsassertionfand one cycl e
for deassertioﬁAdﬂ?S ugm ﬁﬁe BNR# si|gpabe Can be used to del qay furthef
requests, for |exanple, mhe1 b—an—agent—does—not ndve SUTTICI(gt resouf ces
to support anoti@hestr ansact RBQ4:03¢cor d |R¢guq56 an request
stall protocol| tc&uhigal enented and is d F ned D %g4 #thre= states:|i)
Free: In this istate, an agent's abili t)) o bssue requests is not limted by
the BNR# request _stall pretocol, but i m t ed}oply—by—it-s—gwnership] of
t he bus and by ﬁgﬁmﬁ§g@§§t AR 1:078 sqnauémntlu s8dr s, |2Zhe BNR#
sanpling pointjin the free|state occur|suobégsee cl gck , 10 cycle< after ADSH#
i s sanpl ed asskrted—~Aecorgtng—toam gmbodiTent, hes.wg# sanml,i,ng  poij nt
was 3gdj usted tpAodressr two cMéEkﬂ&ycles A495her t harlt e) after t he ADSH
signal is
Reserved ® Ab[35:32)#
Attributes® ATTR][7:0)# or
Ab[31:24)#
Deferred ID® | DID[7:0)# or
Abl[23:16)#
Byte Enables® | BE[7:0)# or
Ab[15:8]#
Extended EXF[4:0}# or
Functions® Ab[1.0)#
Notes:
a. These signals are driven on the indicated pin during the first sub-phase (sub-
phase a} of the Request phase.
b. These signals are driven during the second sub-phase {sub-phase b) of the
20 Request phase.

Thus. the transaction address is transmitted on Aa[35:3) (where the “A" indicates
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sanpl ed asserted. Wien an agent intends to stop a new request generation in
the free state, the agent drives BNR# active in the clock cycle before a
valid BNR# sanpling point fromADS-,. In the next clock cycle, all agents
observe an active BNR# on a BNR# sanpling point and 15 transition to the
stalled state. 2) Throttled: An agent may issue one request in this state
once it has ownership of the bus and the maxi nrum ADS# request rate has
been nai ntai ned. The BNR# sanple point is in the first clock cycle of the
throttled state. Wien in the throttled state, if BNR# is sanpled active on
a BNR# sanmpling point, the state transitions to the stalled Gee state. 20
If BNR# is sanpled inactive on_a BNRf s lin Wl Stat.endk ANsi tions
to the 3) Stabddesds linesor sfdesshug Rt andpna d@%gﬁesﬁﬁ@algg}f&%’s{tggE&é@rsgagheist @until
BNR# sanpl ed ar?dtadhiﬂ@na@N%%@dehD@y@eiams,msbdtdsmtehdﬁé. The BNR# sanpl ing
e

poi nt begins 1nt bus clock cycle when. the , .S, b Sha€kered and
every other sf{isemeldsscribingdie TR gRY L e %k%%ﬁfg%&%%ﬁingdhaac“ ve at

its sanpling pPoiifihal ifYohSMYE Slirafinalidd Gtaheadisesalinagging mittihabd YedPt o stal | ed
after 25 a reset event (either 1IN T# or_  RESET#) . An t.0 gnit end the
stal bed stat ea%wiafs%fe‘?@éw.ﬁ“ﬁsmg‘éwwﬂ %q%ﬁs%p@ﬁébyci e (Eﬁ?’gre the valid
sanpl i ng poin &}e}abhyfto%mcb%@@@bﬁmkeﬂde ot ADSY inksstrted apdmREn aRRPPEd
state, the refquest stall state giElh t_({%\gésidzé,g_‘@nra&a&mggjpgrottIe state.
Therefore, requilsi Ahe RRQ(BBR 24 KEQRET T §8EY d84€serted only for a mi ni mum
of one bus clock QyeEin fodhlebodinen, heavedueafdrrbe dimepiads Sracesor Bifid

adj usting the BNR# sanpling. point_in 30.t e Sgate to occur two clock
cycles (rather than thrébSioskFvdy a¥HE™N (Ls-bl%a&n{e{% i's sanpl ed asserted

decrgases the mini num bpiwens yrobetak eftertiRSAzetsition farghePreviays £aLerirg and

arbitration phases fro e l. Cy@l es to two bus clock cycles. 22
2) Request Phase: The rgh%&éﬁ“&%ﬁ"gﬁﬂ‘?%ﬁé phase in which the transaction

is actually issued or dyLOEK#ti6ndtheiveadby thescaest nePstErddii@ibodi ment t he

request phase is ong ¢ n | 96k £y SlBmin ddiy dltr@rtlockhgclesedest  phase
i ncl udes two sub-p £§1§2%nmcqr§%??ﬁ§r§%bfphase Y3 (dur ngﬁg)g% firstodal f of
the request phasejonandDSHbE hharsuors TPt Fehe BAYRY B G5~ Shase of 5 t he

request phase) e %pgusst 7d SEQLIBL BRinkus: bRy DRIetredqasphargs ofrecocesiiest

. R
phask i ncl udiMgtHe "t ransacti on address. .The request sephegias with
the assertion tefnsdchiensARSHhisE gagl cyciehia ™y a?J(ecé’gess?nra&%%‘%a?rgaﬁaﬁ I-i%re is an

exanpl e group of signalss: SpdyotANcIbk cidedkft-oastaramsiite AR stmalsy the

previous transaction, according to an embodiment. As noted above, the ADS# signal

identifies the beginning of the request phas
or bus including an address (provided over the address bus)

e, and indicates that sub-phase a of the request is

20 being driven onto the process
and the request (provided over the REQ#[4:0] lines).

3) Snoop Phase: According to an embodiment, the processor bus supports cache

coherency for multiple caching agents. Coherency (or data consistency) ensures that a

syster or computer with multiple levels of cache and memory and multiple caching agents

25 present a shared memory model in which preferably no agent ever reads stale (or incorrect)

data and actions can be serialized as needed. A line is the unit of caching in the caching

agents. According 10 an embodiment, a cache line is 64 bytes, but other size cache lines

can be used.
The cache protoco} associates states with lines and defines rules gove
bodiment, there are four

rning state

30 transitions. Each line has a state in each cache. According to an em

line states, including: M (Modified) which indicates that the tine is in this cache and

contains a more recent value of the line than in memory, and the line is invalid in all other
L
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EXAMPLE REQUEST SI GNALS Pin Name Pin Menonic Signal Na ' [
me Signal M

Nunmber Address Strobe ADS# Address ADS# | Reques?REC{4:0]#St?obe srent e

REQa[ 4: 0) #5 Request' Command Ext ended REQDb[ 4: 0]# Request

St r obesDSTB[ 1: 0] #Request b ADSTB [ 1: 0] #2 Request 15AddressA[ 35: 31#Str obes

Ag[ 35: 3] #33 Address' Reserved bAb[35:32]# Attribut esbATTR] 7:
. : 7:
:24]# Deferred 1D bDI D[ 7: 0] # or Ab[23:]| b] # RI7:01# O Ab[3 |

agents; E {(Exclusive)indicating that the line is m this cache and is the same value as in
memory and is invalid in all other agents; S (Shared) indicating that the line is in this
cache, contains the same value as 1n memory and may be in other agents; and 1 (Invalid)
indicating that the line is not available in this cache and should be fetched from another
5 cache or agent.
The snoop phase is the phase in which cache coherency is enforced. The following
is an example list of snoop signals which can be used during a snoop phase:

EXAMPLE SNOOP SIGNALS

Signal Function Pin Name Driver

10 Keeping a Non-Modified HIT# Agent with shared line
Cache Line

Hit to Modified Cache Line | HITM# Agent with dirty line

Defer Transaction DEFER# Responding Agent
Completion

15
In the snoop phase, all caching agents drive their snoop results and participate in
cache coherency resolution. The agents generate internal snoop results for nearly il
memory transactions, that are not its own. All caching agents (snoop agents) drive their

snoop results onto the bus in this phase using the HIT# and HITM# signals. HIT#is

20 asserted during the snoop phase to indicate that a copy of a cache line that contains the
requested data resides in another agent’s cache on this interface. HITM# is asserted during
the snoop phase to indicate that a modified copy of the cache line that contains the
requested data resides in another agent’s cache on this interface. If HIT# and HITM# are
simultaneously asserted by an agent during a spoop phase, then a snoop stall has occurred

25 and the current snoop phase should be extended. DEFER# 1s asserted during the snoop
phase to indicate that he current transaction is not guaranteed to be completed.

In some Pentium processors, the snoop resﬁlts were driven four clock cycles after
the ADS# signal is asserted and at least three clock cycles from the snoop phase of the
previous transaction. However, according 10 an embodiment, these minimum latencies

30 were modified to more closely match the new beat frequency of the processor bus.
According to an embodiment, the snoop results can now driven three clock cycles after the

ADS# signal is asserted (i.e., three bus clock eycles after the beginning of the request

25




Byt e Enabl esbBE[ 7: 0] # or Ab[ 15:8]# Extended EXF[4:0)# or Functi
onsbAb[ 1: 0)# Notes: a. These signals are driven on the indicated pin during
the first sub-phase (sub- phase a) of the Request phase. b. These signals
are driven during the second sub-phase (sub-phase b) of the 20 Request
phase. Thus, the transaction address is transmtted on Aa[35:3] (where the
"A" indicates 23 address |lines or address bus 204 and "a" indicates signals
transmtted during sub-phase a), and additional information (e-g., byte
enabl es, attributes, extended functions) describing the transaction is
transmtted on Ab[35:3] ("b" indicating that the additional information is
transmtted over the address |ines during sub-phase b). The 5 assertion of
ADS# defines the beginning of the request phase. - d

pref erably toggiaee)@m:@lqaﬁtwelpwaalgs&%@RSWBP@S?@D“A S.”glsg%@;?’fged and

not in any ot h%cast%%'c%%kcyIQ?afBE%[sﬂfec@)r&uﬁJ\de REQlah 4210]1# budenthe previohe
transaction type. Accord % to an enbodi ment %\?\%ﬁ{‘gﬂ’% £&@0 08¢ ggdogen
ont o the processoatbus Thusl) C@Tab@ww&}’%‘o%ﬁaf%ff’r gfél:bser atton; and .0

2) two or nore @tﬂn ff%PS%@ %{}etr}m&efoﬁicldchequésewcrma$ertewa'm$\a@;‘eqson and
3) BNR# is obsé:g]%/lgﬁjg y . ﬁé

| nac 4) i f _not ac t hs agent,
i s obServed i naleth welesdﬁtzée Wbétrﬁ‘fl ]ﬁﬁvcﬁrfm‘ggﬁ}dé”groéa‘ﬁf?q@e E%hage ﬁgbn@é S%:I@I ay of
three clock cygl&s..3 Bf‘sE renﬁﬁﬁ%’(e’fshxﬂasa@c{e tﬁDS@%eﬁfphish@amneWm@by enegnglact i on

before the request C e driven onto the ESSOL lkSction Qespii6d €ase
the mini num | at ency4)c%<259\9é’é“r1ﬂraé%|ﬁb’§15 ‘B’ﬁsagé%"smﬁ)l‘msscﬁ céqggré‘l%g@ tran%gct?gﬁs from

t hree cl ock cyg,lﬂgshetppocgyg,@r 1ok ORKGuEYChiBiSted RNhEG@RE pivesy el anen-PHE F4fuest

O At ) cheny o2 dpent | T S 356 s the ASR bbby the ADSH

10 completing the transaction at the top of the in-order queue. The responding agent is the
Jevice or agent addressed by the transaction during the request phase. Below is an
example group of signals that can be used in the response phase:

_ EXAMPLE RESPONSE SIGNALS

Type Signal Names Number
15 Response Status RS[2:00# 3

Response Parity RSP# 1

Target Ready TRDY# 1

The transaction response is encoded on the RS[2:0)# signa]s.. Examples of possible
20 responses inciude: 2 normal data response (where the responding agent is required 10
transfer read data along with the response), a retry response (when DEFER# js asseried
during the snoop phase indicating that the wansaction must be retyied), a deferred response
{(where the response agent or responding agent promises 10 complete the transaction in the
future using the Deferred Reply Transaction), 3 no data response(where no data will be
25 returned by the addressed agent}, etc. TRODY# js asserted by the responding agent 10
indicate that it is ready to accept write o1 writeback data, etc. The RSP# signals provide
perity for the RS signals.
In some Pentium processors, the response could be driven after a minimum of three
bus clock cycles after the response phase of the previous transaction. According to an
30 ernbodiment, this minimum latency between response phases of successive transactions was
adjusted to more closely match the new beat frequency of the processor bus. According to

] 2 ini es afier the
a1 embodiment, a response can be driven afier z miminum of two bus clock cyel

20



previ ous transaction, according to an enbodi nent. As noted above, the ADS#
signal identifies the beginning of the request phase, and indicates that
sub- phase a of the request is 20 being driven onto the processor bus

i ncl udi ng an address (provi ded over the address bus) and the request
(provided over the REQ#[4:0] lines). 3) Snoop Phase: According to an
enbodi nent, the processor bus supports cache coherency for nmultiple
caching agents. Coherency (or data consistency) ensures that a system or
computer with nmultiple I evels of cache and nenory and nul tiple caching
agents 25 present a shared nenory nodel in which preferably no agent ever
reads stale (or incorrect) data and actions can be serialized as needed. A
line is the uniLoAf oBRCHENGS intdeorc ahintigmuagantes is EcAlydiligs! teootken

enbodi nent, a cache line is 64 b%t gs, but, ot her, sg]geu]%%gh]%aglkp%dc Gan be
used. The cacltenssriptsatinh Ty EHErhPES eyt B¢ W F T hBY ™ and " der Fnes rul es
gover gi ng statg, tﬁﬂ%&%@r@nmggnﬁspoﬁaem Bei‘ dn‘eenhmlse per steay evd tus echcyekefie.
According to an enbodi nent, there are ur i n . i ing: M
(Mbdi fi ed) whicempipiip Catedst PR e RSl eles S&H?fé&té‘g’i‘ﬁre‘!cg%‘!éﬁ’dcont ains a
nore §ecent val ue of L8 ihitiBRd trhasction isermaytjonarigret thereiesteagtns Py Wk d i n
all other 24 agents; ((Excl ysi ve)indi cati gy 16, 1Sed his cache
and i s the sarfdtatgfnsfensihepd rﬁésﬁg%g;'/:%é‘rsls g?’gﬂlgx%/gﬁallkc(!j‘%}ﬁnéaibflﬁ%t?ﬁgdremgtgent s; S
(Shar ed) i ndi c@drh hg rdghict ageieniehdigg b perfanmt hirge omseatihe, Inseomt BIMTYMPFRS S fre
value as in memory. gnd may. beel 0 OLDSL. 20RAHSH oRffLchul hiabliddanc ndi cat i ng

that the line P& ' thi's cache and should be fetched from
another 5 cachigersdn cR@Bst sighd dorshecepe imassson.sTherrearp RASE Y KRR ER ®ache

coherency is enforced. The. fqllow JakeS EXRAMRH S mbrekicedly mBeppestgnal s
whi ch0can be u¥¥g B0/ Al °“a‘h’ssﬁ%‘8‘%wp?§§§:e AT e SRS T gnal

Function Keepi vt feqhiony Mydodeser busCAstnading taan prbodpenisy pEdressEdREEM £ i e
Defer Transact eixsgcr}t the TRDY# signal after 2 minimum of two bus clock cycles after assertion of ADS#
signal for the same transaction. Note that the latency from the end of the request phase 1o
TRDY# remains unchanged.
15 5) Data (Trznsfer) Phase: During the Data phase, data is transferred between
different bus agents over the processor bus 117, Based on the request phase, a
transaction either contains a “request-initiated” (write) data transfer , a “response-initiated”

(read) data transfer, or no data transfer. The data phase may overlap with the request phase

for a transaction.

20 Below is an example list of signals that can be used in the data phase:
EXAMPLE DATA SIGNALS
Type Signal Names Number
Data Ready DRDY# 1
Data Bus Busy DBSY# i
25 Data Strobes DSTBp[3:0)# 8
DSTBp{3:0)#
Data D{63:0)# 64
Data Inversion DINV([3:0]# 4
Dala parity DP[3:0}# 4
30 DRDY# indicates that valid data has been placed on the bus 117 and must be

1atched. The data bus owner asserts DRDY# for each bus clock cycle in which valid data is
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Conpl etion Pin Name H T# H TM¢ DEFER# Driver 15 Agent with shared |ine
Agent with dirty |ine Responding Agent In the snoop phase, all caching
agents drive their snoop results and participate in cache coherency

resol ution. The agents generate internal snoop results for nearly al
menory transactions, that are not its own. Al caching agents (snoop
agents) drive their snoop results onto the bus in this phase using the

H T# and HH TM# signals. H T# is 20 asserted during the snoop phase to
indicate that a copy of a cache line that contains the requested data
resides in another agent's cache on this interface. HH TM# is asserted
during the snoop phase.tg,iodi cat MO i & & OPMe Ofra blge. CBSIES | | ne
t hat contains‘PH&”mFgﬁﬁgsﬁggQgé?gwﬁgég éﬁﬂfn anof%er_age%t'gﬁcache on this
interface. |f JahTéurath idik das sus bsforuht GrieBRBYY assesien ersicPeryren fbSgBeHY
during a snoop phase, then a s t Q66 UHRed1254 ABdsdh@ingisik ent
snoop phase sHB@PH#5§m@?F§ﬂﬁ%@&8@EE%ﬁ%&%gggggertéd du%?ﬁg the snoop phase
to indicate thgi thalaGldits @k beenaineaed bothe dga srorceguar ant eed to be conpl et ed.
I n some Pentium progessors, t S SUl L Sod\gs L 2 fihVigd 08I atd pek cycl es
after> the ADS# sig Idafass‘gﬁﬁgf?goﬁp%ﬁgg%t ue.as‘%,\&{‘%irg% clock cycles from the
snoop phase 0fbdni@n bild A¢hteUEor & pansiaehifon inckdne Voreadzad P HTHY T AA"S:

enbodi nent, these mnipuml.a { rhi ik begle bRl pRNAN cbRAGetH mat ch
t he new beat fwéaﬂéW@bﬂﬁwmyﬁéﬁ%?g@igég?wﬁhs} %ébordfn to an enbodi nent,
the snoop resudig deanTholP denalenn bhvsed terexide reyitn festhgftiatietalfe  ADS# si gnal
is asserted (i.e,, three bus &Y GhShadbl Sinsteh@d DEGH Il gurbied e
request 25 phase) a%ﬂxﬁﬁnﬁggggkﬁﬁﬁnc¥ock c?clegméfter t he $ oog ghase of

t he Foevious t a)nact sprirpnoue latchedprotogeldn w mb?ﬁﬁﬁéﬁgﬁﬂﬁpﬁé'_ FTepf He snoop
resul ts were dilyen Q09 RhOmM 4 HEnPRA oKyl MABEACE baey(n dhus, the

maxi num act i vatf’on rat e #/ HI TM#/ DEFER# siqgals S%Q@Pp
order) zre transmitted in the first quarter of the bus clock, The second §-byte

element in the second quarter of the bus clock, the third 8-byte element in the third quarter
of the bus clock and the fourth 8-byte element in the fourth quarter of the bus clock. The
15 data can be transferred in the first quarter of the bus clock if the data to be transferred is 1
to 8 bytes in length, and the data can be transferred in the first two quarters of the bus clock
if thee data is 9-16 bytes in length.
Several embodiments of the present invention are specifically illustrated and/or

described herein. However, it will be appreciated that modifications and varations of the

20 present invention are covered by the above teachings and within the purview of the

appended claims without departing from the spirit and intended scope of the invention.
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result) was changed from once per every three bus clock cycles to once per
every two bus 5 clock cycles. Note that the latency fromthe ending of the
request phase (sub-phase B) to the snoop phase renmai ns the sane since the
request phase was shortened by one cycle. 4) Response Phase: In this, phase
t he response agent drives the transaction response onto the processor bus.
Requests initiated in the request phase enter an in-order queue naintained
by every bus agent. The respondi ng agent is the agent responsible for 10
conpl et i RgHE S ERATHED AN at the top of the in-order queue- The responding
agent is‘r‘:ll'e—%m—ce_m—a'qent addressed by the transaction during the
request phase. Below is an exanple group of signals that can be used in

t he response phase: EXAMPLE RESPONSE SI GNALS 15 Type Signal Names Response
St at us R§[2:0]£ Re:({gonie FF{’%LE .Target Ready RSP# TRDY# Nunmber 3 1 1 The
transactilon r dSPYRGEENE @ ‘on the RS[2:0]## signals. Exanples of

possi ble 20 responses include: a nornmal data response_(.whe t he
r espondi mgblagke mext: seqeeatisignh tnterieghs P POPERRS S %g%wd\ﬁ\%rfaﬁcef he

response), a retry response (when DEFER## is asserted during the snoop
phase indicating that the trapsaction t.b ' hesponse
(where the respoHEeliGlpdicolo f‘ﬁg‘%@n@fi‘ @3835%\?5 Bﬁ%gh@ll gg_)grttgudgg&)gﬁﬁe?go t he
transaction in the future using the Defer r ed Reply Tr.ansgcti%@ ﬁfno
data responsesuiestonprdatasnd ith reeeigs a blaskneeKtEOURE 88dFesSe alag ),
etc. TRDY# is asserted by the responding agent to indicate that it is

dy t ' P Frer RSRFUSH @ 1S SPIIEES d
o0y SR e e sk i s o Sd it

strobe signal occurs on the address strobe signal interface and to respond to said

biock next request sional; and

quad pumped date bus interface logic.

2. The bus zgent of Claim 1, further comprising:
double pumped address bus interface logic; and

double pumped request bus intetface logic. -

3. The bus agent of Claim 2, wherein sald arbitration logic is to respond o
said block next request signal by transitioning to a stalled state 2nd thereafter
remaining in said stalled state If said block next request signal remains asserted

at 5 block next reguest sampling point every two cocks, the stalled state

preventing the bus agent from lssuing bus rquests.
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In some Pentium processors, the response could be driven after a m ni num of
three bus clock cycles after the response phase of the previous
transaction. According to an 30 enbodinment, this mninmm]latency between
response phases of successive transactions was adjusted to nore closely
mat ch the new beat frequency of the processor bus. According to an

enbodi nent, a response can be driven after a m nimum of two bus cl ock

cycles after e, 26.Lespons tshe i0 Lansaction. This m ni mum
| at ency i% ty%aﬁ\’?ﬁ&ﬁf@cﬁﬁ@ o1t’hfé‘ﬁtk?eg()c’hjs@r%l' 's which may extend this

| atency. Due to the double punped signaling node used for the request
signals, a respphselityaot datadrierEsesince per every two bus clock cycles (as
conpared to once per every three bus clock cycles for sone Pentium

processors). th‘gqJrgweoqctdgtgishi@jeqqté—fa@@wcti on is a transaction where the
request agent has wite data to transfer. The addressed agent asserts

TRDY# i ndi [ i [
ntending Lo FarBrmoRerieeetste 461 SRS ARG BIRM R FFBRERE P e

TRDY# signal could be asserted after a mninumof three bus clock cycles
after as$smpsenay; of ADS# signal for the sane transaction. There are
typically other constraints O which can I engthen this latency. This | atency

was nodi fied toa06e wrABsdC b gepevte Bemtt Heenstestey siahabend essor
bus. According tto an e odirrrelnt,@an agdr essed agent can assert the TRDY#

i | aft i Ni f t b | pck : ' ADSH#

i nal 1 GFCETHG CBAmSPPEAY 5hE TRBIB TS FPOE AR By 3 P tha%nd of the
request phase to TRDY# remains unchanged. 15 5) Data (Tran f%rﬁ) .Phase:
During t strobetiateniecs saimhflestidete ﬁ’ﬁﬁb‘?é%ﬂ%@t%%eco&dfqaé?éﬁp w9 ent s

over the processor bus 117. Based on the request phase, a transaction
ei ther corvaids dath sequestequdridyasfewice suid bep dedalrequendypend a
"response-initiated" (read) data transfer, or ho data transfer. The data

phase may over ith the . @8 dionenatd sanspehibanto aXQsBeliow i s an
exanple list o ﬁ%ﬁ%’ﬁ@?‘ﬁ%ﬁ%ﬁﬁ% us%% i%ﬁjtehe dat a phase: EXANPLE DATA

S LS E¥%%% |%lda¥gns?rsoNb%ns?§rQai%ant 3315? %?U%W gf#f}ata interfaces; and to transmit
data elements synchronized to a first edge of said second data strobe signal also

on said plurality of data interfaces,

5. The bus paent of Claim 4, further comprising: a plurality of address

interfaces;

address strobe generation logic to generate a first address strobe having
an address strobe frequency which is the seme as said bus clock frequency; and
address transmit logic to transmit address elements synchronized to a first edge
of said first address strobe on said plurality of address interfaces and to transmit
sddress eléments synchronized to a second edge of seid first sddress strobe also

on saic plurality of address inferiaces,
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Dat a Bus BusyDBSY#1 25 Data StrobesDSTBp[ 3: 03#8 DSTBp[ 3: 0] # Dat aDf 63: 03#64
Data I nversionDINV [3:0]#4 Data parityDP[ 3: 03#4 30 DRDY# i ndi cates that

val id data has been placed on the bus 117 and nust be |atched. The data
bus owner asserts DRDY# for each bus clock cycle in which valid data is 27
to be transferred. DRDY# can be deasserted to insert wait states in the
data phase. DBSY# can be used to hold the data bus before the first DRDY#
assertion @nd béD@REs sHFH A DROVINISEETRIIBAS for a multiple bus clock
data transfer. DINV[3:0]# are used to indicate that the data bits have

been inverted by |i1bl%ii@ﬁbﬁr§rgj§s@%te5faw§, data signals D[63:0]# of the data
bus 206 (Fig. 2) provide a 64-bit data path between bus agents. For a

partial transfer, including,110 .read and.l/ ite transactions t he byte
bnabl o si gnat s B oicT) et AR yickonmt rBNRERABAEN G |
contain the valid data. The DP signals can be used to provide parity for

t he data siygahrenizéd ¢ormdfiny etge arfi seibiodt @edtessdatcbenay shid plusatisf ef red usi ng
a quad punped (i.e, 410 4X) source synchronous | atched protocol in which

the data ' ' ] nts in
a singl o Bea e SR eRReL A RE AR RS en e Y SO Sogeere
transmtted.ip the first arter of the bus clock, the second 8-byte

el enent i ﬁ%%ﬁ@&%ﬁ&%&&rﬁsﬁﬁ%ﬂ Ofp ﬁ@;c{;@@%ﬁb&f,reg% R 'F-83byt e el ement in
the third quarter of the bus clock and the fourth 8-byte elenent in the

fourth quarter of the bus clock. The 15 data can be transferred in the
first quarter of the bus clock if the data to be transferred is 1 to 8

bytes in Izngt hmhamdistherfafTisan Derdrfrddipedngn the first two quarters
of the bus clock if thee data is 9-16 bytes in Iength. Several enbodinents

of the present AI&Y&%W& g@g@ggﬁ%}‘@ggll y illustrated and/or described
|

herei n. However; W that nodifications and variations
of the 20 presenLJi nvention are covered by the above teachings and within
the purview of 4 R&VTEPPeRt8TeESiiFE ACROUt departing fromthe spirit and
i ntended scope of the invention. 28 ,

address strobe generztion logic to generate a first address strobe having

an address strobe freguency which is the seme as 2 bus dock frequency; and
address transmit logic to transmit address elements synchronized to a first edge
of said first address strobe on said plurality of address interfaces and to transmit
address elements synchronized to a second edge of said first address strobe also
on said plurality of address interfaces and to transmit reguest elements

~ synchronized to a first edge of said first address styobe on said plural'lty‘ of
request interfaces and to request elements éynchroaned to & second edge of

seid first address strobe zlso on said blurality of request Interfaces,

8. The bus agent of Claim 7, wherein said first address strobe comprises

two substantially identicel agdress strobes,




WHAT IS CLAIMED IS: 1. A bus agent conprising: a block next request signal
interface; an address strobe signal interface; arbitration logic to
initiate an arbitration phase after two clocks froma prior arbitration
phase and to receive a bl ock next request signal on the block next request
signal interface two bus clock cycles after assertion of an address strobe
signal occurs on the address strobe signal interface and to respoq% }o sai d
bl ock nexg, requRstbes Q}?éht orGiaiquagl, pnpeth dafiat vos dinther PaeesUNSEE he
bus agent of Claim 1, further conprising: double punped address bus

| nter Face LogLoy Al IMBLE | PUTBEHheaies: shehrbien kaeeisoslserd e bus

agent of ! said rtration gicis torespond to said

bl ock next request signal by transitioning.to stalled state .
Cher eaf ¢ epluraliweidn Sen raliaces and ot Skt o e AP G ™ theeh

signal remains asserted at a block next request sanpling point everg t wo
e

clocks, thessipld eshestat eher aveniutartilybigerdgentaddress Isskliasg iHUS
requests. 29 4. The bus agent of Claim1l, further conprising; a plurality

f data interf : lurality of dat i . _ 3
P R L R R e et B Rl S

generation logic to generate a first data strohe signal and a . s dat a
strobe sigmhkthemplardlity f rw%ﬁtmtﬁﬁbéﬁ;ﬁb@rﬁe&@@gé#}gs CORSIGNG %‘i@*ﬁ@ﬂ ?obe

interface, said first data strobe signal and said second data strobe signal

having a gaéaotehehfufdiRgerneres invertaesairtl thes poiralt dfrequestcinted@sdat a
transmt logic to transmt data elenents synchronizf:d to a first edge of

said fret,,data strab i said plurality of data interface ; and to
transmt tr@gtaéee[?‘étﬁgﬁtth% @gﬁ%%t?%ﬁi zed to a first edge of said second data

-,trobe signal also on said plurality of data interfaces,

10.  The bus agent of Claim 1, whereln sald bus agent is a priority agent,
sald priority agent further comprising:

a priorlty agent bus request Interface, wherein sald arbitritlon logic ls to
assert a priority sgent bus request signal on seid priority agent bus request

interface with a minimumn deasserton time of ane bus clock cycle.

11. The bus agent of Claim 1, ‘wherein said arbitration logic is to respond o
said block next request signal by transiticning from a free state 1o a throttled
state if the bus agent was In the free state when the block next request signal
was received and by transitioning from the throttled state to a stalled state if the
block next request signal remains'asserted two clocks later, and thereafterto.

remain in said stalled state if said block next request signal remains asseried st @
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5. They bus agent of Caim4, further conprising: a plurality of address

i nterfaces; address strobe generation logic to generate a first address
strobe having an address strobe frequency which is the sane as said bus

cl ock frequency; and address transmt logic to transmt address el enents
synchroni zed to a first edge of said first address strobe on said
plurality of address interface!; and to transmt address el enents

synchr oni Shong f e W e S ingai d

o ural 1y T R SR e S e e
corrprising[b a plurality of request interfaces; 'whereln -said address
tr2nsnit I1O§iRVS S0RH treENSAVINDr @§HeslSEMent 5 synchroni zed to ~ first
edge of said first address strobe on said plurality of request interfaces
and to request elenments synchronized to a st~cond edge of s2dd flirst
address strobe also on szid plurality of request intertai:es. 7. The bus
agent of Claiml, further conprising: a plurality of address interfaces; a
plurality of request interfaces; address strobe generation logic to
geneTate a. first addre,-s strobe having an address strobe frequency vOich
is the sanme as a bus clock frequency; and address trans mt logic to
transmt address elenents synchronized to a first edge of said firt~",

address 5trxhbe DRe-tmétihiod dfl Csith 14y wiierdifidifd ﬂmim@eﬁ%!a@dssmadwsm t
address el enments synchroni zed to a second ‘edge of said tirst address strobe

also on I Lurali i nterf i
el enent s %@%Eﬁﬁg}ﬁ%ﬁé}l‘{@t@&%% g?'?jé&éé%%{ 3@@?53%{%3&?5 é%%?%s@sﬁgé ?%E@%an sai d
plurality of request interfaces and to request el enents synchronlzed to a
se, --ond d¥§e2@®Ntsaid first address strobe also on said plurality of
request Interfaces. 8. The bus agent of Claim?7, wherein 5aid fiv-st
address strobe conprises t,vo substantially identic2il address strobeq, 9.
The bus agent of Claim8, wherein 2 first one of the two substantially

13.  The method of Claim 14, wherein said first request slgnal and said second

request slgnal are asserted by s first bus agent.

14. A rnethod, comprising:
- asserting a first request signal as a part of & first arbitration phase of

first trapsaction;

aszerting a second request signal as a part of a second request phase of a
second transaction in a pipelined manner prior to completion of said first
transaction;

asserting an address strobe signal as a part of a request phase of the first
transaction;

receiving a block next request signal two bus clock cycles after assertion

of the address strobe signal;




i dentical address strobes is to be transmtted synchronized to a i"irst
subset of the plurality of address interfaces and the plurality of request
interfaces and wherein a second one of the two substantially identical
address strobe's is to be transmtted synchronized to a second subset of
the plurality of address interfaces and the plurality of request

i nterfaces, the second subset consist=ing of remaining ones of the

plurality of a &ﬁﬁ@-' ac . ! Lty of request interfaces
that are not iﬁgf e f¢£éfgé@b@§FQ@gfg#ﬁ@egﬁégéééﬁpaof Claim1, wherein said
bus agent is a priority agent, said priority agent further conprising: a
priority agentPHUI4CINERIBH1ralitn ef sappenvansiry b ahs doasldiairani beetedyiaeels to
assert a priority agent bus request signal on said priority agent bus

request dmd prdddmgnidit datdichemumsdeasser doancidetrzphmaned s sebaek cycl ?72.
11. The bus agent of Claim1l, wherein said arbitration logic is to respond

to said X est signal. by .tiransitioning.fr free te to a
throttle Jngﬁgct)@r?v# ”{aﬁ‘g{éﬁlﬂ CSB@W‘%?"'W@@WPE@g&&?rﬁmﬁﬁ@{‘ﬁ%&t Sck next
request signal was received and by transitioning fromthe throttled state
to a stal9@eRigaire if the block next request signal remains asserted two

clocks later, and thereafter to remain in said stalled state if said bl ock

next request signal renains asserted at a 32 bl ock next request sanpling
poi nt every two clocks; the stalled state preventing the bus agent from

i gnal i o Bseof Heanagoh of R B B O e R A P B P BB & T oquost

signal is asserted by a second bus agent. 13. The nethod 'of Caim 14,
wher ei n sonﬂacﬁeﬁ e¥ObeEgaRSt signal and sai d second request signal are
asserted by a first bus agent. 14. A nethod, conprising: asserting a first
request’' si gnabrasdiagpsvd remfuest Blensdntashiitnat daddreph atenertts per bivs sdock
transactlon; asserting a second request signal as a part of a second

request ; q I i i i -6 : p@r to
q E)t?@%}?trggis@r%té@?r?B%&r@é‘%ﬁﬁéHrBﬂnus"nﬁngPﬂ EBSDnPBER SMithPd @

conpl et Irs
plurality of eddress strobes.

16.  The method of Claim 15, wherein said providing four dsto elements
comprises;

providing a first data element synchronized to a first edge of 3 ﬁfst type of
g first one of & pair of data strobe signals;

providing a second data element synchronized to a first edge of the first
type of a second one of the pair of ozts strobe signals;

providing a third data element synchronlzed to z second edge of the first
type of the first one of the pair of dats strobe signals; and

providing a fourth data element synchronized to a second edge of the first

type of the second one of the pair of data strobe signals.
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transaction; asserting an address strobe signal as a part of a request
phase of the first transaction; receiving a bl ock next request signal two
bus clock cycles after assertion of the address strobe signal; 33
re:,ponding to said black ne-A request signal; and providing a plurality of
conpl enmentary strobe signal pairs in a data phase; and providing four data
el ements per bus dock cycle transmtted in a source synchronous nmanner in

conj uncti Wi .54l I 4Ly of nl er r S in6S. 15,
The mothodof. HGTaeLEY {1y EvBTPR SOE ALY p G Rge 1T araf ol
address strobes; and providing two request elenents and two address

el ements per bus clock cycle transmtted in a source synchronous manner in
conjunction with said plurality or address strobes, 16. The nethod of

A ai m 15, 1gherehp ri@iHbPE0T NG Mdredadad ‘Bk@ﬂ@i'ﬁ?&w@@mmse&mmvi ding a
first data el ement synchronized to a first edge of a first type of a first

one of a pair of ta strobe signals; providing a second data el enent
synchroni%{‘f’g aﬁzfﬁ%{ef%ts&p HEeFi rst  type of a second one of the pair

of data strobe signals; providing a third data el enment synchronized to a
second Doge of pthadifigrafirsttadaress eletment andta Hisk refuedielgraept BYNEERIZE r obe
signals; and providing a fourth data el enent synchroni zed to a second edge

of the fiwsy firktypgaoObt ¥éb%t%%§%4hé%@u@fityt$f?ad&ie§5 efroB@tRyreld;ehel signals. 34
17. The met hod of alm 16, wherein said first type of edge is a falling

edge. 18. The thod of Cl ai wherein sai L OV ¢l est
element® and Pi® 'Ear%égc-‘%?cg]ﬁé%teés E%ﬁ%qqqsa&d gﬁg%@ﬁ(%fi%cg'%é:’%%réﬁ%’address
el ement and a first request elenent synchronized .

synchronized to a second edge of the at least one of the plurality of address

strobe signals.

19.  The method of Clzim 18, wherein said first edge is an address strobe

falling edge end the second edge is 2n sddress strobe rising edge.

20. ;The method of daim 14, wherein responding comprises:

transitioning to a stalled state and thereafter remalning In sald stalled
state if said block next request signal remains asserted at a block next request
sampling point every two clocks, the stalled stste preventing the bus agent from

issuing bus requests,

21.  The method of Claim 14, wherein responding comprises: iransiticning
from a free state to a throtiled state if the bus agent was in the free state when

the block next request signal was received;
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to a first edge at |east one of the plurality of address strobe sigrals;
and providing a second address el enent and a second request el enent
synchroni zed to a second edge of the at |east one of the plurality of
address strobe signals. 19. The nethod of Claim 18, wherein said first
edge is an address strobe falling edge and the second edge is an address
strobe rising edge. 20. The nmethod of C aim 14, wherein responding
conprises: transitioning to al.l,e tate d fd-er heithg i n
sai d stalled sﬁéﬁ@’ﬁ'@”'@ﬂ%@@l@@%@b?g%E&gtaa%f%@?{aﬁggﬁﬁsmgﬁerted at a
bl oc next request sanpling point every tv:o clocks, the stalled state
prevent i ngedlasthilgnaigenialfis essertastimgicoksateuwdst s. 21, The net hod of
Claim 14, wherein responding conprises: transitioning froma free state to

a throttled state if. the glﬁt%ggﬂé%g@?e bt gl dck efxg red eseima! tdrezibk ock

next request sirﬁﬁrﬁm\/’@gs récerve ransitioning fromthe throttled state

to a stalled state if he bl ock next request signal remsins 1bed two
cl ocks | atesserteddtrachiochineyt renuest §2mm o8 FodY Ry é‘”PfC@é‘?a”ﬁﬁS%Léfext

request signal remains asserted at a bl ock next request sanpling point
every two sghiackevehhifgthalbethgesitdtem psseirenbinequestbus agent from i ssuing
bus requests. 22. A system conprising: a bus agent; a block next request
signal interface; a priority agent bus request input interface; an address
strobe signal interface bus agent arbitration logic to initiate an
arbitratl on phase after two clocks froma prior arbitration phase and to
receive a bl ock next.reque;t signal on the block next: request signal
interface two bus clock cycles after the assertion of an address strobe
signal occurs on the address strobe signal interface and to respond to said
bl ock next request.signal; and a priority bus agent conprising: a priority
agent bus request interface; :

22. A system, comprising: a bus agent;

a block next request signal interface;

a priority agent bus reguest input interface; an address strobe signal
Interface;

bus agent arbitration logic to initiate an arbitration phase after two clocks
from a prior arbitration phase and to receive 2 block next request signal on the
block next: request signal interface two bus clock cycles after the gssertion of an
address slrobe signal occurs on the address strobe signal interface and to
respond to said block next request signal; and

a priority bus agent comprising:

a priority agent bus request interfsce;

privrity bus agent arbitration logic capable of to assert 2 priority agent bus

request signal on said priority agent bus request interface with & minimum

deassertion time of one bus clock cycle; z2nd
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priority bus agent arbitration |ogic capable of to assert a priority agent

bus request signal on said priority agent bus request interface with a

m ni rum deassertion tinme of one bus clock cycle; and 36 quad punped source

synchronous data bus interface logic, 23. The systemof C aim 22, wherein

said bus agent and said priority bus agent both further conprise: double

punped source synchronous address bus interface logic. 24. The system of

d ai m 23, wher @jui:c pisth pedsscagensy raadosai ddpei lors inyerface ioggent both furt her

conprise, double punped source synchronous request bus interface |ogic. 25.

The syste f I el i S f | ; rality
P ﬁ';rfds E%%ém &Perog? %f%%rg?ﬁn%a?{i“gbg a@%ﬁ%ﬁﬂ’g@gﬁﬁém@ tﬂﬂ# Y

of control sig at opé€rate dccor prot'oco

agent both further comprise:

douible pumped source synchronous address bus interface logic.

24.  The system of Claim 23, whereln said bus agent and said priority bus
agent both further comprise:

double pumped source synchronous request bus interface logic,

25. The systerh of Claim 24, wherein said system further comprises a plurality

of control sighzls that operate according to a common clock protocol.
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