WO 01/ 75616 PCT/ US01/ 08271 PARALLEL TERM NATED BUS SYSTEM BACKGROUND OF
THE | NVENTI ON The invention pertains to an apparatus and techni que for
oper at i ngv@oooispat er system In particul ar, apparatus andpérasetnsetues for
controlling output buffer drive enable signals on a parallel term nated
bus are described. Fig. 1 is an exanple of a bi-directional parallel

term nated bus system 10. Drivers 12 have an inpedance Z,, and are
operable to drive a signal on a bus 14 to receivers 16. 10 The bus 14 is
term nated at each receiRERALLGEL TBRMINATIRIh BVS S&STBYor R1 between the bus
and the source power supply Voltage VS, and through a resistor R2 between
the bus and ground. The bus is therefore biased at a m dpoi nt vol tage
when not driven by a driver 12. Such a configuration makes 15 the rise and
fall times of signals on the bus symmetrical, which is desirable in a
source synchronous environnent. The | rm nated bus may be

uni di recti onal bi-directPgﬁ ROGYD ﬁﬁ?&%giF§%$$ﬁ;9ﬂ. Any data eichange
between drivers and receivers of two 20 entities, such as between a
processor and menory, device . which may be on separ at hips is typically
acconpl i shed F%ealfvﬁ%ybi??%?T@lﬁéTF@S@¥F3§§?ftu§yﬁ%ﬁrg%%d%“ﬁﬁhzﬁ?y That

is, the chips have internal cl ocks .
opé}aglng a computer sygiem. In particular, apparatus and

5 techniques for controlling output buffer drive enable signals
on a parallel terminated bus are described.
Fig. 1 is an example of a bi-directional parallel
terminated bus system 10. Drivers 12 have an impedance 7, and
are operable to drive a signal on a bus 14 to receivers 16.
10 The bus 14 is terminated at each receiver 16, 18 through a
resistor R; between the bus and the source power supply
Voltage Vs, and through a resistor Rg between the bus and
ground. The bus is therefore biased at a midpoint voltage
when not driven by a driver 12. Such a configuration makes
15 the rise and fall times of signals on the bus symmetrical,
which is desirable in a source synchronous environment. The
parallel terminated bus may be unidirectional, bi-directional
or multidirectional.
Any data exchange between drivers and receivers of two
20 entities, such as between a processor and a memory device

which may be on separate chips is typically accomplished in a



that are sufficiently in alignnment with each other so that data may be
acquired on clock signal transitions. In addition, data exchanges nay be
acconpl i hed1/zBw6 ce 5 synchronously, which neans that therPerRTR@ges are
based on strobe signal transitions that have been derived froma clock

si gnal angd, a6 hiEhRkaRhEsd taddals, ¢REM e8RONAIAE dAk8rnAl PAIHE L
term nation protocol has been devel oped to ensure correct data signal

operati ongfor Mo s%&f%ﬁ@n?iﬁ?lijrp a%g_%lﬁ%h%né‘%%ﬂ? éaabc%}@ro?%egpgé atiflg range. A

parallel termnation protocol may al so be suitable for use with other

entities ghal (frjve aequﬁgggia/& daa sBgAaparAld&lei HAVIi repment. In an

i npl enmentati on, “the para termnation protocol requires that a signha

nust be dLiyen At ablot LUeR. 194 Gy SLelLofnsi AAla LggLloating to an

unspeci fi ogi C eve certain signals such as strobe signals were

pernit§eds§£hﬁéé%%ﬁsl§geph%gﬁI%%ﬁ&?%h%%ukgebgggﬂﬁm#%égggagggedd§20h an

occurrence nmy cause a unctional error 1n system to data

{ransm ssLOD,SL A%, 1 TR -aK0L SUCML 20 REEUTEEnees: Lhe Rarg!L el sy i nat od

protocol nay spe us agent desig s the defau us naster
will synchronously time the drive cut-off points to _occur ﬁhen anot her
bus agents%gﬂézja F?@éeasng%%_n%ﬁ$F6%Ph598ﬁr,C?%ﬁesﬁﬁﬁg%%ﬁe?a D return data

S
requested by the s TRt eLen NS 29 RAGRLLEL A8 A 8d.R1gh0g0l, MY &l so
ensure correct data signal operation for two or more bus
10 agents across a large operating range. A parallel
termination protocol may also be suitable for use with other
entities that drive and receive data in a parallel
environment. In an implementation, the parallel termination
protocol requires that a signal must be driven at all times
15 to prevent a signal from floating to an unspecified logic
level. If certain signals such as strobe signals were
permitted to float, then the system would become unreliable.
Such an occurrence may cause a fatal functional error in the
system due to data transmission errors. To avoid such
20 occurrences, the parallel terminated protocol may specify
that a bus agent designated as the default bus master will
synchronously time the drive cut-off points to occur when
another bus agent would drive a signal onto the bus, for
example, to return data requested by the bus master. The

25 parallel terminated protocol may also specify that the
-2-



WD 01/ 75616 PCT/ USOL/ 08271 default bus master is to source-synchronously

| atch the value on the bus, turn On its drivers, and drive the |atched

val ue bae@oomess t he bus on the arrival of the |ast strobeCwU§oAlIs271f or t he
reply sent by the cache. 5 Although a parallel term nated protocol for high

speed Pragessr systems geyreadid . fie et vetum peed extat svinle

t echni que enen protocol ‘over a w der range of

operating frequencies with cleaner, signal__ .t | ti.ons,.
DESCRI PTI O EES THES 'DRARN ff%.‘%’f‘iesl%a SP%???‘? St gﬁrtic%e?ﬂ’%ﬁ ating a

parallel _term nated buys syste Fi g. i sinplifi.ed. bl qc { agram of a
paral | el b?@Fn?%%ﬁéﬂ“b&§ss9§tEﬁ%a%%%Pﬁﬁhé%tgh?he ?%Vﬂﬁ%&%ngg§ggLig. 3is a
timng diagramof a back-sige Qus %gﬁ?% center-tapped term nated (CTT)

prot ocol FBAALEcF®Ih sg™ery CET 4 'sion |ine delay environment. Fig. 4A

is atimng diagramto illustrate CTT cyt-off _and. |atch-.back ration
accor df ng ?o Lﬁgt??ﬁﬁﬂn% éﬁgaééeiiiﬁ Wﬁ?%ﬁfdap5P58ﬁoﬁi€?rI%ld% SRS el

gr am~of 5 System

according to the invention for drjving %_ELgnal onto(;he.B%g.fgig. 5is a
bl ock di a§FraRFeFOR R INDHIGK EBATHLY I “SAdEFdi A TT tHe S

i‘fiventi on. -3
techniqgues and apparatus to implement the protocol over a
wider range of operating frequencies with cleaner signal

transitions.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a simplified diagram illustrating a parallel
terminated bus system.

Fig. 2 is a simplified block diagram of a parallel
terminated bus system according to the invention.

15 Fig. 3 is a timing diagram of a back-side bus (BSB)
center-tapped terminated (CTT) protocol read cycle in a zero
transmission line delay environment.

Fig. 4A is a timing diagram to illustrate CTT cut-off
and latch-back operation according to the invention.

20 Fig. 4B is a block diagram of a system according to the
invention for driving a signal onto the BSB.

Fig. 5 is a block diagram of a latch-back controller

according to the invention.



WO 01/ 75616 PCT/US01/08271 Fig. 6 is a block diagramof a drive enable
circuit according to the invention. Fig. 7 is a block diagramof an

i nput / outwb1/kslid er  circuit according to the invention. BCFU§01/®B211s a
schematic diagram of an inplenmentation of a CIT controller. Fig. 9 is an

i npl ementation.,0f 3 $krobg puil Soﬁaq,%aﬁar 8Ei ONir Gid GiiableFEgScuik0 and 11
il ustrate i npl enentations and of "a 10 preset-reset priority flip-flop.

Fi gs. a0 %d?ﬁﬁ%r@oc%gui +Alagams of an inplenmentation of an

Input/OJtpu er control circuit and a logic control circuit. Fig. 13

illustrates h he ratio 0 f f from
" Cor e2Pad" &V!ggeﬁse Pgd 1&91!_ 511%%%\& b2 %IE‘%&}&L%SO'& &QR %ﬁ_ﬁ%ﬂr Fig. 2is a

sinplifi ed bI octk a(yc%g ?H]%()Eo augeerltn%%nttggged 20 term nated system 20

i ncl udi ng a1 st 2 connecte a second agent 26 via a parallel

term nated 24 Th fir gent \r ivi ng dat a,
control, add?Eé stl‘rgo e g%dmhé%gggﬁg 290%1 g@l%ﬁgggggl% Cgﬂ;éa °
configure roli e the various data signals. At |east the 25 strobe

signal s a% corﬁl nu ust driven on the bus 24 by -4

Fig. 9 is an implementation of a strobe pulse generation
circuit.

Figs. 10 and 11 illustrate implementations and of a

10 preset-reset priority flip-flop.

Figs. 12 and 13 are circuit diagrams of an
implementation of an Input/Output buffer control circuit and
a logic control circuit.

Fig. 13 illustrates how the ratio logic controls the

15 flow of data from “Core2Pad” and “SensedPad” to “I02Pad”.

DETAILED DESCRIPTION
Fig. 2 is a simplified block diagram of a center tapped
20 terminated system 20 including a first agent 22 connected to
a second agent 26 via a parallel terminated bus 24. The
first and second agents are capable of driving data, control,
address, strobe and other signals onto the bus, and are
configured to capture the various data signals. At least the

25 strobe signals are continuously driven on the bus 24 by

-4-



WO 01/ 75616 PCT/ US01/ 08271 drivers (not shown) associated with either the
first agent 22 or the second agent 26. In general, when the |ast strobe
signal fmooot/me1dirst agent is received, the second agent PCPUSCIESAH t O
sour ce-synchronously turn On its driver. When 5 data or strobes are

expect ed §¥adhenseconddgesociBecdr iver seafndhenti estsaggpntane to be
synchronously turned Of. In an inplenentation, the first agent 22 may be

a processorond Q%c%ﬁ@og%aﬁg%. 26nMB¥nbEa B, GAhE thandatpesbushe24 10 may be
a back-side cache bus (BSB). These conponents may be included on a single

i nt egrat egh fid1CUbChhR Bl JBL R SEPAEEL B &PMeReRLShecal&e on different
chips. Both the processor and cache incl ude drivers and receivers for

driving sianals 08t 0o.and £erelvindasi0asls Jf A bheyBSD. jldeshoul d 15 be

understo however, at the novel processes an circuitry described

bel ow coul d be .1 mpl.epent ed N Qihen i oherface Rug 6oohEguralions that do
§E. é 3 I though t ?

not enploy a B urthernore, a e exanpl eI npl enentati on

descri bed,... W _i:n d r-tap erm T, 5H§t any type 20
of paralVgﬁ'té%nfga?#%nggﬁg:gﬁgéﬁiF%g g@ﬂ?% {iﬁéﬁﬁéggu%%§-%y Iti1on, unless
ot herw se ted, references to drivers may include both data drivers and
strobe drivers. Receivers depend upon the BSB signal integrity to be such

that a strobe i ggal Lt ansislan. khenet be deigchsd

may be a
processor, the second agent 26 may be a cache, and the bus 24
10 may be a back-side cache bus (BSB). These components may be
included on a single integrated circuit chip or may be
separate components located on different chips. Both the
processor and cache include drivers and receivers for driving
signals onto, and receiving signals from, the BSB. It should
15 be understood, however, that the novel processes and
circuitry described below could be implemented in other
interface bus configurations that do not employ a BSB.
Furthermore, although the example implementation described
below includes a center-tapped terminated (CTT) bus, any type
20 of parallel termination bus circuitry could be used. In
addition, unless otherwise noted, references to drivers may
include both data drivers and strobe drivers.
Receivers depend upon the BSB signal integrity to be
such that a strobe signal transition will not be detected

25 when one is not occurring. If a strobe signal is permitted

-5-



25 when one is not occurring. If a strobe signal is permtted -5 WO

01/ 75616 PCT/US01/08271 to float on the BSB, then signal integrity may be
conpr om edo1/Aei@t al systemerror may then occur that nmayPCT/@quUII8271an
undesi rabl e re-boot of the processor. One circunstance that may cause a

strobe signal; Lo ghogge|§SW%e§V%q Le1l $p é)ﬁ dﬂ%%g% ~Changeover, defined

as when t e processor st ops Sl gnal s an cache starts drivi ng

si gnal s, rsa, I t to float
to an un rrﬁ%ﬁe Sval uekg%%en%{ Octél'?nl %'rlgé'@oma)% Otrheer?él%gghlgtt ocar{gi after the
receiver JTq:%gla_r[)1 Hgéfgngél% r%g,bo%(g g;_geghéf xﬂoJe% e| ver r|les not expecting
to acquire da if a s roeS|gnaI anyoEf S|gnal I'S permttedto
float on theBBthe Wi be sted because of.th Iar cr owbar
current if uénsr%e |ngQQI'—m"’lgY thw‘se W%F kSstsrl nl"’l\l/ie.?EO fﬂ%ngnjf at'] orf1 of a

tim'n di agram 30 of a BSB,, CIT proto read c al:1ratio of

t he proce3§or gor F8cRa3he od}}aﬁlgeﬁgﬁ ét%%%leneqa&fa%’gepnk © zero

transm ssi on nvi ronnment . .Thi s_.envi r onnent JC 0 nals to be
el SUCEERL SR “nhier dere “fro D R Gerabe R ar od he
1:1 ratio of the core.20 clock 3 e data strobes has been chosen here

for ease %Jfgnadﬁdel%t XhaPnYeTShd it cﬁ E85% hat I e $0Ft ERPRR Speed i s

substantlal neous. |t.shoul.d he u ders ood ha
%y gﬁ to an undetermlneg ue, en t%e Eogic or the

circuit located after the receiver may begin malfunctioning.

10 Even if a receiver is not expecting to acquire data, if a
strobe signal or any other signal is permitted to float on
the BSB then power will be wasted because of the large
crowbar current in the receiver.

Fig. 3 is an illustrative implementation of a timing

15 diagram 30 of a BSB, CTT protocol read cycle in a 1:1 ratio
of the processor core clock 31 to the BSB strobe signals in a
zero transmission line delay environment. This environment
allows signals to be described in an idealized manner where
propagation delays are ignored. The 1:1 ratio of the core

20 clock 31 to the data strobes has been chosen here for ease of
understanding, and indicates that the switching speed is
substantially simultaneous. It should be understood that
other ratios could be used, and that in real world operation,
the ratio could be different and the line delay may be

25 significant.



other ratios could be used, and that in real world operation, the ratio
could be different and the line delay may be 25 significant. -6 WO

01/ 75616 WRC1/160d/ 08271 Referring to the exanpl e transacPCDUSOO82HI g. 3,
the data signals 32 and strobe signals 34 are bi-di recti onal signals

b h h
etween t he pr@%gggpgagg e o Ittﬂgnghporn%t B0k g Of LG cache

regardi ng data si rive 5w ndow 36 and a

post -dri ve W r%qg[\g{ﬁg Qb gmgl grl\}g%y%hgﬁaié)rmtg% %trgbe ) Jgnal s 34. The

pre-drive and p rrve vv| esigne reven a srgnal from

floati ng natl% ?@@weggr a_master ghgn eover hby @g%géiftggp dr| e overI ap

bet ween ers on even a e hléhest oper tlng 10
frequency agtct Quer Q entire. r . QEer%tr onal _yat of requencr esd

frequency |ncr Sases, %I%e g fr Sm% i sSi on SPeN&TEEP ay FIF 18rYE of cl ock
cycles, which cause the rive over. use the drive

overlap to sappear ‘?fp?she drive "6 {}gg‘fa Sﬁfmgpﬁng ?h‘gﬁgsac strobe

si gnal at .on the BS her o sible situation that cause a
strobe si gnal %tmbrel 85?“?15 aen tbﬁ‘ c ]el‘rees%’gné’gsg atk: {o- "Héﬁgi 0

request for data with a acrn that ults in_a non-overla condrtron of

t he post -24ft C@élgpﬁﬂaf“of?}b Srlgtlat[ %T dfrtﬂ’atthégp?le e \ﬁé‘pBS| gnal of 20

t he seconéj reply. This case shoul d be reco%nl zed so that the
uring a master changeover by ensuring drive overlap between

the masters on the BSB even at the highest possible operating
10 frequency‘and over an entire operational range of
frequencies. As frequency increases, so does the
transmission line delay in terms of clock cycles, which
causes the drive overlap to diminish and may cause the drive
overlap to disappear. If the drive overlap disappears then a
1S strobe signal may float on the BSB. Another possible
situation that may cause a strobe signal to float is when the
cache responds back-to-back to a request for data with a
spacing that results in a non-overlap condition of the post-
drive signal from the first reply and the pre-drive signal of
20 the second reply. This case should be recognized so that the
processor will drive a signal on the BSB to prevent a strobe
signal floating condition.
A CTT protocol requires that both the bi-directional
data signals 32 and strobe signals 34 be continuously driven

25 on the BSB by the processor or the cache. On reception of

-7-



processor will drive a signal on the BSB to prevent a strobe signal
floating condition. A CIT protocol requires that both the bi-directional
dat a si gved81/381@nd strobe signals 34 be continuously dripenus@sent t he BSB
by the processor or the cache. On reception of -7 WO 01/75616 ‘

PCT/ USOL/ 08270 _ tihe oL ash sthobere il anah, Lo, fpanki-aubaioby ansaction, the

g}o::;agsg;l V?;(r)u async :ogﬂjo y (sou:lc sync ereonouslvmt thf@@strogg)e turn
o e oy T S
321):)\& \émdt F\t ‘;%? W]éjrjfe fot \ggg Ve %th ‘g S?he%st g"f%g %e Si goa

StTobe i GRSFES4 PEmtHe S5aEHe. - THEN ."‘fftrs%éuf%ﬁiaoctilfhﬁ%ﬁé‘éﬁus?@?u?ﬂdf s

g .ra'{réﬁ;i o ?ﬁiﬁif:%ffi | tﬁveﬁéﬁﬁ.eig?;ﬁ Aiwdde PRt fiehgé%”% "B o Fece ve
inder act waitc%mr&ﬁp&p%ﬁgﬁ hg,, %%ﬁﬁ%e 5&%. ffslg?ém TRt %?9’ o't me)!sltzgl sh it
U L S e

Or 06esS V\ﬁp@hcmu}% 37. When the proces%%‘% néggu&ﬁeﬂ frto %c' at ch- back

data and/or strobe signals from the cache, then it should

t
iz
m

10 synchronously turn its drivers Off. Thus, the processor cut-
off points should be synchronously timed to occur at the
earliest time that the processor expects to receive data on
the BSB. Although in theory this seems simple to accomplish,
under actual system operating conditions it is difficult to

15 establish if a particular strobe signal edge is the “last
strobe” that requires generation of a latch-back signal. 1In
the following discussion, the latch-back signal is defined as
the signal resulting from a latch-back process which occurs
when a receiving agent captufes the value on the bus from the

20 transmitting agent, for use in driving it back on the bus if
required. The described technique can also be used to
prevent signals from floating on a unidirectional bus or
signal line.

Referring again to Fig. 3, when the system is first

25 turned On, the processor chip will drive strobe signals 34

-8-



when a receiving agent captures the value on the bus fromthe 20
transmtting agent, for use in driving it back on the bus if required. The
descri bedvoevfsigue can al so be used to prevent signals Pe€DWSélS2ll ng on a
unidirectional bus or signal line. Referring again to Fig. 3, when the

system i S,fd rftca 32ghHANgs N, 4 thepreeesswsl ahip wrhk datne wirbbe signal s
34 -8 WD 01/75616 PCT/US01/08271 and data signal 32 on a bi-directiona

bus. The gagche Midle dEiNg1StIPRE i dRaLS 4O haa whisdi resti onal bus. The
processor knows when to capture data 41 to 44 fromthe cache based on the

cache st r@P&éésQﬁa'k%o%Q- WSy o HaRAWET aHPa tIE & PI0¢esROENEr vdis and

cache drivers send off strobe signals so that there are no concerns about

floating §i |y BUl cackben: Ahangeaysr 40f oanld Olati $oli@rogsUfne then care

must be taken In nost cases to insure that a signal does not float on a

bus. l_pm%%?estsnﬁr ?irﬁ%@rgaéﬁ whely rQssResi akndhand isRgobe 10gKL04ired, such
as when the %

ast of the strobe signals 40 arrives, because the cache wll

drive thal,slgnalc )W 30d o YR AKpSYE! LB ddlddIasmal . Ot Bet, cases
robe " f f th h

where a s oats, then one o e agents, such as a cache, nay be

able to t_ i | f : i
&ﬁéﬁ<aB%%%geo@%&ogﬁbgﬂﬁrﬂHfE@eEoT88§$§}S#ﬁﬁppgggemugglg@ 15 woul d

correct any pro ~cause oating sign Fig. 4Ai1s atimng
dlagran‘SQakéAlE%'ﬁ%gtn%agll 9&‘4&%&%6 that a signal does not float on

a bus. However, there are cases when no special handling is

10 required, such as when the last of the strobe signals 40
arrives, because the cache will drive that signal low and
prevent any system failures. In other cases where a strobe
floats, then one of the agents, such as a cache, may be able
to reset itself before any further requests are made, which

15 would correct any problems caused by floating signals.

Fig. 4A is a timing diagram 50 illustrating CTT protocol

cut-off and latch-back operation signals for a processor and
a cache when operating at two extremes: the processor
reading data at a high frequency (in this example 733

20 Megahertz (MHz)) and at a low frequency (in this example 1
Hertz (Hz)). In the case of high frequency operation, data
signals 52 designated as Al-A4 and B1-B4 are followed after a
delay 54 by data signals 56 designated as Cl-C4. TIncluded
with the data signals are counterpart strobe signals 53 and

25 55, which may be differential signals (e.g. one is active

-9.



cut-of f and | atch-back operation signals for a processor and a cache when
operating at two extrenes: the processor reading data at a high frequency
(in thiswvwaanpees 733 20 Megahertz (MHz)) and at a | ow frepORUSy/(82TI t hi s
exanple 1 Hertz (Hz)). In the case of high frequency operation, data

signals 52 deslanahed ag. o 104, ANGBhnBd 200 fl Liawed 8Lt ehofen del ay 54 by

data signa designa ncluded w e data signals are

count e paf SHLONS L9 5 B8 25 By O Bk, Lllecem al sional s
ol ve MRl oo B SESEAIGET, SELLAOLLY 900 e st mnge. For |ow

f r equency”dperati on: a's si ghna

f ol | owed fter el ay 64 by data signa 6. desi.gnated . Cl1-C4. .Again 5

i ncl uded & eercg‘u%teglab'a;tﬂ‘ E%’r%gbtea ssllé’ﬁlggg éé (g%%l%?t%%hg?_F%f e%\ﬁaa[l%% is the
additional trapsm.ssion |ine delay i terns. of_cl ock ¢cycl when operating
at th hibrh%%u‘#]%dg]&ﬁ?nE?unlEW%%ti%rto s S &XARD e63lcsana gét‘ 4‘?(%: ock cycles) as

Cl ook per Hhevrie 01 Gok -6F gR Ao Il CAP R THAT i FolFtreqtiney . -
operation it took cycles fromthe tinme,a cac read. transacti on was
requestedt?%“%?efncﬁﬁé)ﬁf FYstegat rbloc?(‘?%g%fn%fa Ic}g}ea%ﬁg&ﬁél T8N ves at
t he processor assumng the ,
(which in thi% example is about 4 clock cycles) as calculated
by an equation: transmission line delay divided by the core
10  clock period.

The clock signal 70 indicates that in low frequency
operation it took 6 cycles from the time a cache read
transaction was requested to when the first data block Al of
data signals 62 arrives at the processor assuming the

15 +transaction began at clock cycle one. Thus, the cache
latency for the data signals 62 is 6 cycles. For high
frequency operation, referring to the data signals 52, the
cache latency is 10 cycles. Therefore, for different
operating frequencies the cache latency will be different and

20 reception of data will occur during different clock cycles.
For example, comparing back-to-back read transactions at the
frequencies, the last data chunk B4 of data signals 62 and
the data chunk A4 of the data signals 52 could be received
roughly at the same time (during clock cycle fourteen). If

75 the data chunks Cl to C4 did not exist, then in the case of
-10 -



15 transacti on began at clock cycle one. Thus, the cache latency for the
data signals 62 is 6 cycles. For high frequency operation, referring to

t he dat awdgnaiese 52, the cache latency is 10 cycl es. Thepref/ose/ostr
different operating frequencies the cache latency will be different and 20

reception, f gqgeggy ogggy{%éﬂnuwh%g %Eésggpt%hcéu%k CYGLER- o f cpexanpl e,

conpari ng %ac ransactions” at uenC|es e |ast data
chunk B4 of data SI nal s 62 and .th C ?gg t S|gnals 52
coul d be ?ECEI g8u rg ClOC% 9 fe |ng c 2% g@c e fourteen)

If 25 the data hun id not e en in th ase -10 WO
01/ 75616 FCH g‘zﬁeq&lean 3 c:?&é‘ﬁéy%%%%a?”‘fooc%stsﬁéf Sbog%a(gsp & H8ul d

Cace of it bﬁt%&%% cyohhe téfgantaiaﬁ%%?‘é%éégﬁf odta porform e 1o the
a1 oot wht h °3$sp%'ﬁ8§5t ﬁ%tvgﬁe& Feelp ERTRa HoT GPACE P ot e
data chunka® (1hR B Pase=t ﬁﬁaulfoﬁaer?f&fmcﬁoatajéa“%ﬁ%%'r%‘%?@ “Hous
over Pap, EERTRNSG ‘S0t i cP RS Gt foF LBF oS N SAndac FWR BIUEK cycl 6 of

post - drlve and thus the  |atch-back should not. be done. Since the
post - dri vé? dﬁgmks that is less than four (4) clock cycles typically

allows enough time for the cache pre-drive and post-drive

10 strobe signals to overlap, assuming a two clock cycle of pre-
drive and a two clock cycle of post~drive, and thus the
latch~back should not be done. Since the post-drive signal
after data chunk B4 is two cycles and the pre-drive signal
before data chunk Cl is two cycles, there will always be an

15 overlap signal or a known value on the BSB. However, the two
groups may be handled by different cache banks, and if the
first cache bank responds faster than typical or expected
(due to manufacturing deviations, or run time effects
resulting from voltage deviations, etc.) while the second

20 cache bank responds slower than expected, then there will be
no overlap and the processor has to perform a latch-back
operation to prevent a strobe signal from floating on the
BSB.

The driver cut-off and latch-back circuitry must also be

25 able to operate from a very low frequency (~0 Hz) up to the
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after data chunk B4 is two cycles and the pre-drive signal before data
chunk ClL is two cycles, there will always be an 15 overlap signal or a
known vaweoorsethe BSB. However, the two groups nay be hpawUsel/dsy71

di fferent cache banks, and if the first cache bank responds faster than

typi cal ofexnacLed o(due b IRIMAGEUELDG AR AL NS5y 0L LU of fect s

resulting fromvoltage I at e the second ac bank

responds n t.he il rlap and the
pr ocessorﬁjﬁag tngte%gr F%éﬁ?g&ﬁattcﬁgbggﬁn%%%\r/\%%iaolﬁ%twogrg‘?gg@nt a strobe signal
fromfl oatin . SB, Tl river -of f .and.l atch-back circuitry nust
al so be arg%ﬁgbﬁq%tﬁggoggrg%% qulﬁ:oe%rg\é\g}gr ;%y%%\%l’{ rlgﬁqg%lﬁc%f:to Hz) up to the
-11 WO 01/ 75616 PCT/ USQOL/ 08271 fastest operat.ing.frequency of, the
pr ocessorénzzllhlllosf1 mrer%gqﬁrel%éo elrhsdlerﬁe%g%ﬁt C?I%%%ﬁlernetr?e?f'tllilsQ%aﬁy‘?r@dﬂ o all ow
snoot h. mani pul at.ion of.the integrated.circuit in the test . environnent and
to ensurep]fcgé; C%égr?ponékﬁfi W%”‘%ﬂ‘ﬁ&%i of TR Wﬁdﬁ&??oﬁba‘ﬁ'hﬁ € requi renent
is met by ensuring . that the processor. driyve ut-off is inpitiated at the
same cl ock Eage X SYAERF ofidust le?slflﬁgl%%%cgmea 95088 Srode 9HiSs response
depends op cache | at ?nﬁy thak% may.not be the sanme on__different system
confi gur at TEHE  OTGHE T e3F bHHS (7 REy TBEPIEET nt rodGEedhy THEUFShg a knob
called " c&:t-of knob". A knob

epends on cache latency that may not be the same on

different system configurations, some flexibility may be

10  introduced by including a knob called “cut-off knob”. A knob
may be defined as an adjustment mechanism for setting control
values in a semiconductor chip. A knob may be hardware or
software based, and is used to change the behavior of the
processor integrated circuit chip. The cut-~off knob may be

I5 tied to a cache latency knob operable to adjust for fast or
slow cache response time. The cut-off knob is preferably
software based to facilitate adjustment of the processor once
the cache latency is known for a particular system. Systems
may have different knob settings to ensure frequency

20 independent, fully-configurable operation of the cut-off and
latch-back operations. Multiple knobs may be needed to
control cut-off points for different signals.

Fig. 4B is a simplified block diagram of a system 90 for

driving a signal onto the BSB when required. A latch-back

25 controller circuit 100 includes a BSB cut-off signal input

-12-



may be defined as an adjustnent mechanismfor setting control values in a
sem conduct or chip. A knob may be hardware or software based, and is used
t o changave hg7dsehavi or of the processor integrated circuP€CT/@wRIS27ihe

cut-off knob may be 15 tied to a cache | atency knob operable to adjust for

based {0 T401 1144t §40) FEPREnt BT (o prade uor onec™ Checcache' Tatoncy | s
ensure 11 EAUERGY 0 A AR HABHES T 1- Bonti o BT E oReration el the o °
Control cBLTRHT POTCE FOPCHTFFr Bhi Ot e oA o B % A ErRaT i fed bl ock
ot o bacRS 35 KoHpbITeradi BT T00 Ficlddesoa Bo CUE. oPF Pargnal | npui
oper at bs. ForGBRErae W Hhihack FIE 6N PPRE 19 GRAar10 Bhabl o
circuit 150. Signal_ stretch circuitr, perates to, provi.de 6gtretched

9
BSB cut - of £9si ghal 2thgutiane ?ﬂ%bll%f{% hgsd?’ﬁ}%rae%ea%lo@ *eFreart 150

(which will be explained below wth referen to_ Fig. ,.and_a drive
enabl e si §R&EI 2P sigaHer At @Y toRUFF o ‘ijébcujftoﬁ%ﬁn i %%tﬁ?ﬂﬁ%ﬁfl%%?f er circuit

200. The input/outé)ut circuit 200 generates a signal havi ng a garti cul ar
val ue on circuit 200 generates a signal having a particular value On

input/output PAD 202 for driving onto the BSB, and includes a

10 CORE2PAD input line 218. The CORE2PAD is a line that
connects a processor core to the bus line. Implementations
of the latch~back controller circuit, drive enable circuit
and input/output buffer circuit are described below with
regard to Figs. 5 to 7.

15 Fig. 5 is a block diagram of an implementation of a
latch-back controller circuit 100 which may be implemented as
a part of a processor. The latch-back controller circuit
operates to count the requests that have been issued and to
count the replies received, and when these counts are equal

70 then it issues a latch-back instruction. The latch-back
controller includes a synchronous BSB cut-off counter circuit
102, and two source synchronous strobe counter circuits 120
and 130. The BSB transaction counter circuit 102 keeps track

of issued processor transactions, and the source synchronous
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i nput /out put PAD 202 for driving onto the BSB, and includes a 10 CORE2PAD
input line 218. The CORE2PAD is a |line that connects a processor core to
t he bus IWe@e1/73empl enent ati ons of the | atch-back control | peT/@R0IC08211, drive
enable circuit and input/output buffer circuit are described below wth

regard to_Figs. 5.to 7,1 i g. i I i agr f i opl tation
of a |atcn-back cclgr?flrlg I g%gc%%illétosf%(ﬁgvﬁ?%ﬁgn% %e@h:%rrﬁ %r%ér;r%)e as a part-
of a procgssor,. The |atCh‘b§§§~§9ntr%kgﬁéa8%{§¢gt operates to count the

requests That have 5SER'T st Ahd T & 2858 e replies received, and when

t hese counts e ual 20 then jt issues_a t cheback instruction. The
| at ch- back co F§%|gFeFﬁE%L&Eﬁ#%?%ﬁ}ﬁcﬁpghO%géE§%§3ﬁFp8?FE%%§nter circuit

102, and two s t t i i.ts.120 d 130. Th
595 t rAnsHRTIO OB PP bt o2 108 RasoSoPhEER U 1h818E% 30 °

i"Ssu processor
transactions, and the source. synchro s -13 WO 01/ 75616 PCT/USD1/ 08271
count e dcf?%ﬁ?ﬂ%“f?éﬁgﬁ efgglﬁégﬁiﬁ}Q® 8Féc3c?ﬁf?Qﬂﬂ%O§§ Fﬁgéke ave been
recei ve or those transactions, In the present |inpl tation, the BSB
;ransactig%lpt%ﬁﬁiéPGCiFéﬁpthﬁfﬁpq$9%§av €BF %%%ggﬁﬁﬂgﬂégp#ﬁgiudég as
irst core clocked flip-flop 104 and g second care cl ack flip-f 106,
each havi hgP d‘?';l"&t'a‘,ofrfes'selﬁ”“éllldg?en‘%fbcil €1 &dﬁ@sigﬂ t%@%tﬁgﬂgg%i’@ﬁ;ﬂ%rﬁsofed on

line 110 to both flip-flops, and

the circuit 102 operates to count the number of cut-off
signals and output the count on line 112 to a comparator

10 circuit 114. Cut-off signals are sent by the core some
number of clocks after each and every transaction is
initiated on the bus. Also, a latch-back indication is sent
every time the core recognizes that the separation between
two transaction groups is large enough for a latch-back to

15 take place. The core may be defined as the actual logic
circuitry of the semiconductor chip processor.

Referring again to Fig. 5, the two-bit counter circuit

120 includes two asynchronous flip-flops 122 and 124 running
source-synchronously on the strobe. It should be understood

20 that implementations including other than two-bit counters
and more or less than two flip-flops could be utilized.
After a main reset signal is received on line 125, the
circuit 120 counts each strobe toggle, and the count is input

to the two-bit counter circuit 130. The circuit 130 includes

25 two asynchronous reset flip-flops 132, 134 which generate a
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the circuit 102 operates to count the nunmber of cut-off signals and out put
the count on line 112 to a conparator 10 circuit 114. Cut-off signals are
sent by tweovties some nunber of clocks after each and eveC€yUssBgHCtion is
initiated on the bus. Also, a latch-back indication is sent every tinme the

core recogni zes that the separation.b ) rae Li oups is
![ﬁrge ?nolﬁlf'flztf &ft 5% aﬁé_ﬁic b%%(d?eo °f5 lﬁ%?g?é&%%ﬁes. 2%?%2 n’g€ e defined as
hgai et o FPEEREEEn ho. EE e Tor R T St Bcs T Fsyneh ohous
flip-flops, 122 and 124 runnin squr ce-synchronously on.the strqbe. It
shoul d beljcfhedelr& 6d 226 Fﬁﬁ?u%npllérfeﬁf‘é#oﬁgs? id ARG CS %e?gtlhlg% t wo- bi t

" o A
counters and nore or. | ess than two fl@g%&l?ﬁz .cfgl?uC d be u |<I)JL_thg. After a

nai nbr eset?4i gfafsreipgceP vy o 1%5ne iTCurP"120%count s each
strobe_toggle, and the count is input to the twa-bit t i it 130.
mg (r:]iﬁ'cui:‘tlt“l%%f iSH@Inﬁ‘&és(l?%uef%t%&fﬁ&%%ﬂﬁhsorf ce)ls]@tIe flﬁ ggg‘?%]p%%I 134
ich generate a -14 WO 01/ 75616 PCT/ USOL/ 08271 ount _of t | ast strob
on |ine 1385WwhiteIPles conpht (EoMhert dERpafit B?C?Llivéﬁd%TﬁB' (-]JE]Pﬁu{I?%T afhes 1o
conparator 114 is fed on line 140 to_And circuit 145, whigh also is
connect edthen | e sigael RBf &1R¢ Nkt GI6HA BRgRIIUAIZRAISL 4T EY HE count of

the 5 cut-off signals (issued transactions) on line 112 equa
propagated on Sine 146. The last s% i ﬂgnéslipe

robe signal on
is computed on the edge prior to the last edge of a full set
10 of strobes, and this computation is done to ensure speed of
latch-back pulse generation. The signal on line 140 is
stable because the circuit 102 is locked or frozen when a
latch-back indication is received from the core. The edge
signal 144 is therefore generated at the last strobe edge of
15 the cache reply by a pulse generator circuit 142 which uses
the strobe as an input 143. The output 146 is zero (ground)
most of the time, except when the latch-back is to be done.
An active signal on line 140 indicates that the number of
transactions issued and replies received is equal. When that
20 occurs, then a latch-back is done by the processor on the
BSB. The count gets reset again during the reply following
the transaction that caused a latch-back to occur. This is

done so that it is feasible to do a latch-back for the

following transaction as well.
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| ast strobe count (count of replies received) on line 138, then the signal
on line 140 allows an edge signal 144 to be propagated on |line 146. The
| ast stroveosimymal on |ine 141 is conputed on the edge ppCDUStsthe | ast
edge of a full set 10 of strobes, and this conputation is done to ensure

speed of |2t GhRagk PULSS, AENSLALLON. 1 106 & 9Adk) ORLI 08 JAhd s 1 5t abl e

because the circui I's cked or frozen when a I ndi cati on

is received from.the core. The edg S| s, ther re generated at
the |ast StT05¢ @48 S?Hi%?t %?uﬁgcﬁngE%ﬁéh%ééécﬁu é%ﬁgg%grator circuit 142
whi ch uses _ the strobe_as an input 143. The output 146.is zerq (ground)

most of tPE 1Y }ngxgéﬁ?sﬁﬁéﬁnFﬁgcfggéh-Bg%f”i§B%8t 885%%e?ad%$ active
signal on_line 140 indicates that the nupber of _.transactions issued and
replies recBlNEE PESeqhal tr IS fﬁa?aﬁﬁ b%g%?§¥*Fﬁgﬁsiefﬁfgﬁfﬂghf%is done
by the. processor on the BSB. The cqQunt gets. reset again during the reply
fol | ow ngreiHe OtnFaﬁgaEF?oﬁoTrhtaﬁrscau&% 3}9?[5?%?1- b&f:l?wgoc%%%ﬁ?r. This is done
so that it is feasible tg do a |atch-back igr t he fgllomﬁgg transaction as
vel |, - 1813908 756185 PCT D TVE2PES KBFtF (FECaer6s FYeblnt'dte circuits
(102) may be needed if transactions_can be issued betore%%ge | at ch back

for outstHIRIIGRFY FEASACE BHRCIHANES. 1FhER P& StidPhy°Ra (§4%nsact i ons

are tracked as data is being transferred with at .
43), the old counter indication 112 freezes its value, while

the new counter indication 113 resets itself and enables

10 itself to count cut-off signals. When data is transferred
from the cache to the processor over the BSB, the transaction
is tracked with the source synchronous counter circuit 120.
When the synchronous counter and the source synchronous
counters match, a signal is driven on the BSB to ensure that

15 no signals are permitted to float. Thus, as transactions
return data, latch-back is only performed when the
synchronous and source synchronous counters match, and the
latch-back controller issues a latch-back pulse (L~B Pulse)
on the last edge of an incoming strobe signal.

20 Fig. 6 is a block diagram of a drive enable circuit 150.
An asynchronous reset-preset flip-flop 156 operates to
produce a zero or low output when the reset signal is high,
and a one or high output when the preset signal is high. The
reset-preset flip-flop 156 also operates as a priority flip-

25 flop to generate a zero or low output if the reset signal and
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5 |l east one of the counters. For exanple, if two counter circuits are used,
the counters would alternate every tinme the core sends a synchronous
| at ch- baskobndiée@t i on 170 (Fig. 4A), the old counter i ndPCRUS@MNSI2
freezes its value, while the new counter indication 113 resets itself and

enabl es 10,d LHelbel 8 GAUNt LUl SShgnalSeoign data i frapsterred from

the cache to the proceéssor over the saction “Ts tracked with

t he SourQﬁwﬁﬁﬂ?%ﬁ%@ﬁHsoﬁof!ﬁé”lé% Q%%gta%%£7&§¥2%% tngé nchr onous counter

and the source synthronous counters na a 4ri¥en on the BSB

to ensurqﬂ&ng{ 13.Nn ignals are permttited.tq float. Thus s transactions
return data, | atch- gggk%ﬁ% BNy per f 6rsrr1tt“a%l Vet £he+98g cﬁ’?oﬁ?ﬁj d source

At e back Eoaeds EEE Bt T 6815 n "ehe 7P Bet Y e ofl SRR ARG MY roe
sionale GAE Beiha 8 Besdlay anele filve ol ecitout g0
outpul WIS Lhe Ls2eind S0P cle gl 8082 90 oL gl outpyt shen (e
prior1 Ly [hkB 25, 0Bke generale 3 cero prolowuipul, 1 e et of onal
sinultaneqﬂ§%% higplSC @ drivew:%Q%bL% ggtpug on]yinel%QGiésee %!%SlFig. 4A)
det er mi ne&-ro co er cilrcui g on line inpu
line 154 and each cycle is stretched to a 3 cycle duration to
10 ensure that the BSB is cut-off even after a substantially
simultaneous preset indication occurs at the same time as a
reset indication. The asynchronous preset-reset latch 156 is
connected to an OR circuit 158, which also is connected to
the latch-back pulse through OR circuit 160. The inverse of
15 the stretched and latched BSB cut-off signal is input on line
162 to AND circuit 164 along with the output 165 of OR
circuit 158.
The complexity of the drive enable circuit 150 of Fig. 6
is required because there are cases when it appears that a
20 latch-back should be done but a cut-off indication arrives in
time to prevent it. In addition, the drive enable circuit
ensures that the BSB will not float because a cache reply
included an insufficient drive overlap. The latter case

could occur, for example, if first and second cache chips

25 each reply to two consecutive requests (bank switch) of data
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whet her or not the processor is to drive a signal on the BSB. The drive
enable circuit 150 receives the | atch-back pulse on 5 line 146 and a
synchr onow@ ovuted®©f f i ndi cati on signal on line 154 for turP@i/go1@st7it he
strobe and/or the data drive enable signal. The sane BSB cut-off signa

that is |nggt to H%%KPSB obgb éﬁ“o erggéfu%ﬁd}oz of ﬁlgaf§ on line 110

IS |nput on |ne eac cyc e1s s tO a cycl e duration to

10 ensure_that the BSB |s cgt OgﬁmE%FQe%E&%rln gﬁb%}antlall S|nultaneous
preset i nBFtatich BEEHE gt PRSSEHS (o8 asa TTeser it |ca Ton. The
asynchronous reset eset lLatch 156 is nec%ed to a oR CIrCflt 158,

whi ch al s851%¢ doH& éﬁltSt ﬁ%s?eﬁ?ﬁ?qfar %UIse fFough “oR &'fcui t  160.

The inverse of _15 the stretch | at ched ut f signal is input on
Mhe 160t Eo ARSRPELTE T85 BrBng WIS IFenet bR biA® FRS0R BATcircult 158,
The copplexity, of the driv enable circuit 150 o IS required
becaus tHE?%Xﬁﬁ%‘%ﬁ§e§hﬁhiﬁ CPR- %%ﬁ% SfhaP EhﬁﬁlFé%Eﬁ“ﬁ&cﬁsshould be done
but a cut-off |nd|cat|on arrives in tine to preve it. In addition, the
drive enaBFeéveR rdthit thendiPes Fﬁ%ﬁa%qu9W@§BrmPEIC}ﬁﬁ %IQ%%?OHeﬁﬁug% a cache
reply included an insufficient drive overlap. The latter case_ could
occur, foiSexefpiengactiionst ARdERRCHHE SHERERCRRDY 25% &k PEHI §°% o two
consecuti ve requests (bank switch) of data -17 WO 01/ 75616 PCT/U801/08271

the second transaction ensures the processor turns off before
the second reply is received. Similarly, if a latch-back

10 indication and a cut-off indication occur simultaneously,
then the cut-off pulse should have priority. The drive
enable circuit 150 ensures that cut-off indications are
prioritized over latch-back indications, allowing for the
processor to drive a signal even for very short intervals

15 when the cache pre-drive signals and post-drive signals do
not overlap. Therefore, the drive enable circuit handles
cases that may occur during system operation wherein
apparently contradictory signals are generated.

Fig. 7 is a block diagram of an input/output buffer

20 circuit 200 illustrating how the latch-back pulse and drive
enable signal are used to ensure correct functioning of the
BSB. When the cache stops driving and the processor should
start driving in the absence of further transactions, the

value on the bus at the time (which the cache was driving)
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and the strobe signals do not overlap, then a latch-back pulse is
generated and should result in the drive enable being turned on, at |east
t enpor ar W@ p1/tw1prevent a signal fromfloating on the BSBCT/Uk@/osetl- of f
pul se should have 5 priority over the | atch-back pul se so that no signal is

driven onto the BSB a certain nu r fallown n., l.ssued
transacti %}rlﬁu]lcﬁbt élsﬁghk é%et%hrcg%gce,z%h%%% - ot gof Sﬁptgﬁg 1éktlaéctgnd
transacti on ensur es t?ﬁuggocessor turns off before the second reply is

recei ved. "SI I'aH1 05 Iat ch-back 10 indication and a cut-off indication

occur sinultaneously hen. t he, cyt - of f l,se_shoul d have priority. The
drive enabl ek&ﬁ’e&ﬁi@gl%@ Ehguﬁe’s%ﬁatpmc%;é-zo%fﬁ%%ﬁf%%t E}bengcg}lgi prioritized
over | atch:back indicati ogs, all owi ng for.the rocessor % drive a signal
even for Vet SHESCHREe V4l grci%eﬁ%ntf’hgh%a%?‘n T e- g“]“is\'/e ﬁ?gY}aa]I%e and
post-drive_signals do, not overlap. Therefore, the drive enable circuit
handl eé ghsEe thst fdyre CEForﬂtﬁkFen§a§§§t @ﬁiﬁp@pﬁqroﬁtvﬁgﬁﬁi%“%tpparent ly
contradictory signals _are generated. Fig. 7 is a block diagram of an

i nput / out PR B &° PAacrrcata 20U GeT agéra‘t’]?hcd“ Ho?/\lctoﬁé‘e%g@ht%ack pul se
and drive enable signal are used to ensure correct functioning of the

BSB. Wienltheheadi¥ st8fs dFiei tf4iss £hé procesdresirdaraed start™dri vi ng

in the absence of further transactions, the value on the bus at the tine
(whi ch théa%@@ﬁﬁgqﬁa§i@p@&iﬁ@)liq§3l46 output from the latch-back

controller circuit 100 of Fig. 5. Thus, when a latch-back

10 pulse signal is issued, then the value of the signal at 202
is latched into I02 PAD 212. The buffer 214 will then drive
the signal value onto 202 when a drive enable signal on line
230 is On (which is generated from a drive enable signal on
line 166, the output of drive enable circuit 150 of Fig. 6).

15 A multipiexer circuit 216 operates to gquickly drive a signal
onto line 230 indicating a drive enable to turn On buffer 214
when required. The inputs on lines 217 and 219 to the
multiplexer circuit are pre-generated based on a multiplicity
of possible system conditions that could occur to guarantee

20 that the drive signal will be present to turn On the buffer
214 only when required. The pre-generated input signals on
lines 217 and 219 result from transforming logic circuitry
corresponding to all of the possible input variables and
output permutations so that the drive enable signal on line

25 166 is a trial (multiplexer control) signal, and the drive

-19 -



WO 01/ 75616 PCT/ USOL/ 08271 should be used. The circuit 200 operates to
capture that value for such use. Referring to Fig. 7, the PAD 202

i ndi cat eswvohe7smeé ual w re connecting the processor to theCcrasts27ihus, the
value 5 of the last signal fromthe cache will appear at this point and

The | at chEe 205 AAn S0 or ot Gaau By PEREPTE CRUGHER & BRATe 6t ne 146

output from.the |atch-back .controller circuit 100 of Fig. 5. Thus, when a
| at ch- bac f@ﬁ?%ﬁﬂ'se%gfangfn?Efqaﬁgﬁgﬁ,m?%eﬁ? %fin%nuéHSFegﬁ% St gnal at 202
is latched intao 102 PAD 212. Th ffer 214 wll then drive th i gha

val ue onf%? Rﬁhgﬁ gog%fv%ﬁ%ﬂuﬁa g%giaﬁ%flo > 15 2§8n9§t%9P?NJ%W: i's
generated, from a iye.enable signal o |ine 166, the output. of drive
enabl e citeuit ™ %%o¥ﬁﬁFg9°%39Ji%r eﬁuP?i%?%%%%*%ﬁFcﬁPFegl CHPet dtes to
quickly drive a signal ,Z onto line 230 _indicating a drive enable to turn On
ot £ or” 21 R TG arFBaE SHETRBIESPON P B 18 T The

mul tipl exer circuit are pre- eneraaed gased na nmultiplicit of possible
Syst em corii 19 InSRERAT LEBUI e CUP LPEGUGY aft 780 EREE -t HESIr i ve Si gnal
will be present to turn _On the buffer 214 only when required. The

pr e- generRA ¥F IFFUCPEFGARFS Bt ! I9TR¥E 215 SRy ﬂg%sﬁﬁg ¥+3dmhAR ansf or mi ng

logic circuitr corresponding to_ all of the possible input variables and
out put pethut itdRs seBet hatue e dheveienabl Esichrae adl Paen

driving when required.

10 In addition to operating in the manner described above,
Fig. 7 may operate to drive out a Core2Pad signal present on
line 218 onto the PAD 202. Line 218 originates from the chip
core for data writes, and is connected to latches 220 and
222. The latch 220 is clocked by the core clock, and the

15 latch 222 is clocked by the output of an AND circuit 224.

The AND circuit has a Capture Enable input 226 and a clock
input 228. The Capture Enable input 226 is controlled by the
processor and operates to send the value of thg Core2Pad
signal on line 218 to IO2PAD 212 only when the drive enable

20 signal on line 226 is present which only occurs when the
processor intends to do a data write, thus preventing any
contention to write a value onto I02 PAD. Thus, the captured
last value is only driven out onto the BSB when needed. In
summary, when a latch-back occurs, the current value on the

25 BSB is sampled in the I02Pad node 212 and it is driven out.
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25 166 is a trial (multiplexer control) signal, and the drive -19 WO

01/ 75616 PCT/ USOL/ 08271 enabl e signal does not have to propagate through a
| arge comeo opfsehe@gi c. This functionality nmay require an i PCT/E86IS2TL

har dware to nodel each of the possible signal conditions, but it is worth

this COStwﬁ%%%{%erBstBOwBBQé’i E'f d & SReedpoeeded 4.0 §a5catei@§[95 e;{ hedast est

at t ai nabl e B operation while ensuring correct operation under a plurality

of condi tions,. Jhe, (RLOEESSHL d herelar eouklh dfive @ signal on e BSB via

PAD 202 o anme val'ue as the sign cache had n g when

required. 10 |n.addition to.operati.ng_in_th er, described above, Fig.
7 may ope?% %r%qole(ﬁjicégggﬁ Ean%e)lreeflﬁ a%i 8%11531 r%%lg‘%ean ngncoflfg%%tjﬁ% onto the
PAD 202. Line 218 i_gi fromthe chip core for data wites, and is
connectedo?%yﬁ%f%h3%62;§a%§§ b%ié*’ ie latch 220 is clocked by the core

cl ock,. and the,15 lat.ch_2 is clocked by. the output of an AND circuit 224.
The Aﬁb circuﬁ?4ﬁa§ 15 Eﬁ?ec%ﬁﬁﬂﬁﬂ;%rnSéPeﬁi%l%uéiﬁgﬁ?Pog aIilnput 228. The

a°cip
Capt E i t. 226 i t .l ed ] d t t
o pe AP R oat Lo et e ot T ee SIS 0sMATShE anry when
the drive e | 20 si | | i 226 i t whi.ch | wh
the procBRUere [GRRSTASIPD GbF @ Hdtva CRPCEAPEE HIGOT dUSm FRGSEIRES doht ent i on

to wite a value ontao 102, PAD, Thus, .the captured
Figs.lg and 6. Fig. 9 is an implementation of a strobe pulse

generation circuit. PFigs. 10 and 11 illustrate

10 implementations and of a preset-reset priority flip-flop.
Figs. 12 and 13 are circuit diagrams of an implementation of
an Input/Output buffer control circuit and a logic control
circuit. Fig. 13 illustrates how the ratio logic controls
the flow of data from “Core2Pad” and “SensedPad” to “I02Pad”.

15 The described technigues turn On and Off the processor
drive enables in such a way as to ensure that the strobe
signals and/or data signals on the BSB are never left to
float. The techniques and circuit implementations according
to the invention also significantly reduce éhe occurrence of

20 inter-symbol interference (ISI) in the bus that connects
together various entities that drive and receive signals.

It is to be understood that while certain

implementations of the invention have been described, other
aspects, advantages, and modifications are within the scope

25 of the following claims.
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| ast value is only driven out onto the BSB when needed. In summary, when a
| at ch- back occurs, the current value on the 25 BSB is sanpled in the |02Pad
node 212 ve@dd1/73616 s driven out. -20 WO 01/75616 PCT/ USOL/ PE8PU$01/08¢HN t he
BSB wants to drive strobes and/or data out, it does so through the
Core2Pad 218 t gyl .(2Pad_212 path.. A carefully controlled capture Enable

si gnal ensures taat nocc%ntéécﬁtll@dn occurs in the | @2PAD bus node. 5 Fig. 8

is a CIT contrg| h i.c..di agram of an inplenentation of |atch-back
control l er i r%uh%??ggngg%ﬁﬁsé%ggnabl e generation circuitry descri bed above

WA reference klngfLORoD D Serflly 8 LoD JBLemERation,of a strobe
and of a Preset - reset 1ﬁrjiv_olu'etly flrimgh]; op- Figs. 12 and 13 are circuit

di agr ans _(ﬁg an inp erre_?aat‘! on of " an _npu]?li%.lt put buffer control circuit
o oo it e Bt Be S SEAOIADR L ST,
The describe technia es t rnjgn and. OXf the processor drive enables in
such a way" Ao SERSUFCIHA " &Fr 0BR° T STYhaYS“RAAIEIS (B H S gnal s on t he
BSB are never left to float. The techniques and circuit inplenentations
accordi ng to tH&CHVERAL PO AXE S §AFfi Eat 1SS rféﬁﬂlcéh?h%e%%:g{nargéﬁée of 20

inter-synbol interference (ISI) in the bus that connects
Wi a source synchrorious counter; and

driving a signal on the parallel terminated bus when the

10 synchronous and source synchronous counters match.

2. The method of claim 1, further comprising sending cut-
off signals after a preset number of clock cycles after each
transaction is initiated by a core on the parallel terminated

15 Dbus.

3. The method of claim 1, further comprising performing a
latch~-back operation to prevent the parallel terminated bus

from floating.

20

4. The method of claim 3, wherein a latch-back operation

occurs when a core recognizes that there will be no overlap
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together various entities that drive and receive signals. It is to be
understood that while certain inplenentations of the invention have been
descri bedyoot/mesie aspects, advantages, and nodificati ons RCERUSISR2TI t he
scope 25 of the following clainms. -21 WO 01/75616 PCT/US01/ 08271 What is

clai med | Ssethech BEEQogr£§g”HH&NpQngEE@@?éfﬁﬂ%¥ggoqa£§ob€§ ﬁid%'rSt agent
and a second agent over a parallel term nated bus; t racki ng out st andi ng
data requepts,fsromthe first agent to the second agent with at |east one
synchronous counter; tracking outstanding data replies fromthe second
agent with a source synchronous counter; and driving a signal on the

paral l el term nated bus when the 10 synchronous and source synchronous
counters match. 2. The nethod of claim1, further conprising sending cut-
off signals after a preset nunber of clock cycles after each transaction

is initiated byha £EER-QMNE ha Nar 8l | Ghet&f Al 8dt cASLHUS  op3ralienMet hod Of
claim1, further conprising performng a |atch-back operation to prevent
the parsal | @lcrer phBat ege buss c fometlioat | hn 2@+t ion groups is greater

than a predetermined number of cycles.

6. The method of claim 5, wherein the predetermined number
of cycles is a function of the number of pre-drive and post-

10  drive cycles.

7. The method of claim 3, wherein replies are no longer

tracked when a latch back indication is receiwved.

15 8. The method of claim 1, further comprising capturing the
last value present on the parallel terminated bus in case a

latch-back operation is required.

9. The method of claim 1, further comprising utilizing a

20  knob to adjust a processor drive operation.
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4. The method of claim3, wherein a | atch-back operation occurs when a
core recogni zes that there will be no overlap -22 WO 01/ 75616

PCT/ USO1M@8T7156160et ween post-drive and pre-drive signals PETAS@/@82ANSAct i on
groups. 5. The nethod of claim3, wherein the |atch-back operation 5
occurs when the spaci ng between transaction groups is greater than a
predet erm ned nunber of cycles. 6. The nethod of claim5, wherein the
predet erm ned nunber of cycles is a function of the nunber of pre-drive

and post- 1) dirhkenEYEb&Sor %1akhe onhhbed: 0f 1 alnh3: sWhEL 8l 1), rephisgs are no
| onger tracked when a | atch back indication is received. 15 8. "The net hod

of claim lit flusther,c08Prd sing.Lapt-uglnge the - Jas r t on the
par al | el terniﬁatednbus in%%asg % Ig%ch-ﬁggkcgge%§¥?%ﬁ§?£i%%ﬁ%ired. 9. The

met hod of -\l RlBLl,y GUILDE, COMpLICS BPepiiddzing a 20 knob to adjust a
processor ‘drive operation. -23 WO 017 /5616 PCT/US01/08271 10. The net hod

of claim9 wherein the knob is used to adjust at |east one of a processor
drive sut-off operation and a processor drive |atch-back operation. 5
11. The method of claim 1, further comprising performing a
latch-back operation when a bus agent recognizes that there

will be no overlap between post-drive and pre-drive signals

of two transaction groups.
10

12. The method of claim 1, further comprising performing a
latch-back operation when the spacing between transaction

groups is greater than four clock cycles.

IS5 13. A method for operating a computer system comprising:
transferring data between a processor and a cache over a
parallel terminated bus;
tracking data requests from the processor to the cache
with at least one synchronous counter;
20 tracking data replies from the cache with a source

synchronous counter; and
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11. The method of claim1, further conprising performng a |atch-back
operation when a bus agent recognizes that there wll be no overlap

bet ween podvvdisiee and pre-drive signals of two transactpPoOnugesps. 10 12
The method of claim1, further conprising performng a |atch-back

operation whenJLhg;SRaci D008l WReRAL B0SACTL 0N o EAUPS,! SuPrALLTLhan four

clock cycles. 15 13. "A nethod for operating a conputer system conpri sing:
transferri t S er a ralle

term nate bﬁ%@ggfggk%ﬁgnﬁgig&gggﬁegPEQQg%%?%ﬁggngééés%?t 0 the cache
with at | east one synchronous counter; 20 tracking data replies fromthe
cache with a source synchronous counter; and -24 WO 01/ 75616

PCT/ US01/ 08271 driving a signal on the parallel term nated bus when the
synchronous and the source synchronous counters match. 14. The met hod of

claim13, furthee &e8R6ESENLIBRAAIIRY eltrndr Adnpsiignalsséiemd hepr ocessor
after a preset nunber of clock cycles after each transaction is initiated.

15. The mejdyod ighatkakmd 3snd Wlhek5onpEi S %8 Jreber fifge 2 of ahighyback

operation to prévent the bus fromfloating.
cycles after each transaction is initiated.

15. The method of claim 13, further comprising performing a

latch~back operation to prevent the bus from floating.

10
16. The method of claim 15, wherein the latch-back operation
is performed when the processor recognizes that there will be
no overlap between post~drive and pre-drive signals of two
transaction groups.

15

17. The method of claim 15, wherein the latch-back operation
occurs when the spacing between transactions is greater than

a predetermined number of clock cycles.
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16. The method of claim 15, wherein the | atch-back operation is perforned
when the processor recognizes that there will be no overlap between

post - dri weo angseps e- dri ve signals of two transaction group6T/Usd/mZ71 The
met hod of claim 15, wherein the |atch-back operation occurs when the

spaci ng betywee ransactions .is greater than..a predeterm ned nunber of

cl ock cycﬁé%. &Eé @Eﬁ%ﬁé?%@fgaﬁETﬁzsoﬂ.%ﬁﬁﬁﬁlthfSBr BEnEtHOY &FEFaI m 17,
wherein the predeterm ned. nu r .of clopck cycles is_a function of the
number of ngr & rcf%vgyg!h%ls bost HFEVECRyR etls?fe é‘ufg’.erTﬂg REY Hod ¥6F 28Fai m 15,
wherein replijes _are no 1onger tracked when a | atch-back indication is
recei ved J0° A&t G Ot claim 13, further conprising capturing the |ast
val ue present on the bus in case a | atch-back operation 10 is required.
21. The nmethod of claim 13, further conprising utilizing a knob to adjust
control values associated with system performance. 15 22. The nethod of
claim 21, wherein the knob conprises at |east one of a cut-off knob and a

| at oh- Back kNoby. 23, T0g SEUNATL0h oo ILEH JUiLhST 6OTRY 2], Per for i ng

tracked when a latch-back indication is received

20. The method of claim 13, further comprising capturing the
last value present on the bus in case a latch-back operation

10 is reguired.

21. The method of claim 13, further comprising utilizing a
knob to adjust control values associated with system

performance.
15

22. The method of claim 21, wherein the knob comprises at

least one of a cut-off knob and a latch-back knob.

23. The method of claim 13, further comprising performing a

20 latch-back operation when the processor recognizes that there
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20 | atch- back operation when the processor recogni zes that there -26 WO
01/ 75616 PCT/US01/08271 w Il be no overlap between post-drive and
pre-drivev@bgmashe of two transaction groups. 24. The net hoOUSI/SRAI M 13,
further conprising stopping the 5 tracking of replies when a | atch-back

i ndication.i§ peceived fron%%ge?grocesgpn core paral.l el .term nated

. 25. A
RED 0% Sedond AgBRT T anT & YRPAP! el

. o gverlag b
system conprising; a T agen
terninate%fb%s cggglin the first agent to the second agent, wherein the
first and SecORd-agents are 9*CHPAbl e of driving data, control, address,
strobe and other signals onto the bus, and wherein at | east one of the
agents 15 drives at |east the strobe signals continuously onto the bus to
ensure that a signal will not float. 26. The circuitry of claim25, wherein
at | east one agent conprises: 20 a |atch-back controller; a drive enable

circuit connecked focfdie datGhshack 24 M0 QLE/2616, PCL 08241
controller; and an input/outpu% bu%fer éircuit éonne&?ggcggg%ﬁegﬁgive
5 tracking of replies when a latch-back indication is received

from the processor core.

25. A parallel terminated system comprising;

a first agent;
10 a second agent; and

a parallel terminated bus coupling the first agent to
the second agent, wherein the first and second agents are
capable of driving data, contreol, address, strobe and other
signals onto the bus, and wherein at least one of the agents

15 drives at least the strobe signals continuously onto the bus

to ensure that a signal will not float.

26. The circuitry of claim 25, wherein at least one agent

comprises:

20 a latch-back controller;

a drive enable circuit connected to the latch-back
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enable circuit and to the bus, for driving a signal onto the bus when
required. 5 27. The system of claim 26, wherein the |latch-back controller
further ovoprises: at | east one synchronous strobe count epCT@soasanki ng t he
first agent transactions; 10 first and second source synchronous counter
circuits for tdaekibng.putstpandi ng second agent replies; a conparator
circuit connected to the source synchronous strobe counter and to the

first and to theg §ﬁgge¢o§ymrb%%§ cgmf@rc&inre%sg;ogg}ge a3 And

circuit connected to outputs of the conparator first

synchronous coupbef(CLEfUkle S (GPRALALLIO <4 lAlGhnBagk pUloe o 28  The

system of claim?2 erelrn ri ve enabl clrcurt conprises an

asynchronous resget e WelaY flip- flop. -28 WO 01/75616
PCT/ US01/ 08271 %9?8%h§ﬁ%§§%% 1’5%>éclairr126, wherein the input/output

buffer circuit conprises: a nmultiplexer circuit connected to the drive
enables circuit; and 5 a plurality of buffers for storing and rel easing a
val ue

27. The system of claim 26, wherein the latch-back
controller further comprises:

at least one synchronous strobe counter for tracking the
first agent transactiocns;

10 first and second scurce synchronous counter circuits for
tracking outstanding second agent replies;

a comparator circuit connected to the source synchronous
strobe counter and to the first and to the second synchronous
counter circuits; and

15 an And circuit connected to outputs of the comparator
and of the first synchronous counter circuit, for generating

a latch-back pulse.

28. The system of claim 26, wherein the drive enable
20 circuit comprises an asynchronous reset-preset priority flip-

flop.
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t hat appeared on the bus or another val ue depending upon instructions from
a processor core. . 30. Crcuitry for a processor based system conprising;
10 a | at o batieicontroll er; a drive enable circuit connecrenusal/asha

| at ch-back controller; and an input/output buffer circuit connected to the

drive enadye cireditsondd 0@ panal bel femnated Qﬂgutmﬁ'ﬁ ving 15 a

signal onto the bus when required to ensure that a signa not fl oat
on the bus,,3L,. The gystemof: &lai m 30, wherein the |atch-back controller
conprises: 20 at |east one synchronous strobe counter for tracking

processor 1 ansagh 0nsi o£Ls shy,and Se60nd QUGS RUNGh nous gaunt o

circuits for tracking outstan e replies,; 616
PCT/ USO01/ Q8271 ;+a gggparator circuit connected to the source synchronous
strobe counter and to the first and to the second synchronous counter

circuits; and an i L cui t to out puts .of the conmparator 5 and
of theg%irst s%ngﬁgg%g£é§é%%ﬁ§§?%§%rgg%t?t?%?gbgﬁgr5??%%flggﬁaawg%98ack
pU| se. 32'th-g£e af%%ggghocgn C’ik{% rBu%O ’orV\QIelcg@}]lenr tvha uder 'd‘é%e%cﬁ‘f‘r?& eupb

instructions from a processor core.

30. Circuitry for a processor based system, comprising;
10 a latch-back controller;
a drive enable circuit connected to the latch-back
controller; and
an input/output buffer circuit connected to the drive
enable circuit and to a parallel terminated bus, for driving
15 a signal onto the bus when required to ensure that a signal

will not float on the bus.

31. The system of claim 30, wherein the latch-back
controller comprises:
20 at least one synchronous strobe counter for tracking
processor transactions;
first and second source synchronous counter circuits for

tracking outstanding cache replies;
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circuit conprises an asynchronous reset-preset priority flip- 10 flop. 33.
The system of claim 30, wherein the input/output buffer circuit conprises:
a mul ti piveaer/7si¢ cuit connected to the drive enable 15 cpPeTwsero8and a
plurality of buffers for storing and releasing a value that appeared on

the bus or anothebmpalueoHependi;Rg cHRRO-tSHd Weki QRS- L& 000, A HIQAERESOr

core. -30
strobe counter and to the first and to the second synchronous

counter circuits; and
an And circuit connected to outputs of the comparator
5 and of the first synchronous counter circuit, for generating

a latch-back pulse.

32. The system of claim 30, wherein the drive enable
circult comprises an asynchronous reset-preset priority flip-

10 flop.

33. The system of claim 30, wherein the input/output
buffer circuit comprises:
a multiplexer circuit connected to the drive enable
15 circuit; and
a plurality of buffers for storing and releasing a value
that appeared on the bus or another value depending upon

instructions from a processor core.
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