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LON PI N COUNT BUS WD 991 15971 CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
applicati i ated to U S. Patent application no. , filgdy tdgh! ed
110 TRANS%?I‘?P%E; A LONPIN COUNT BUS, U.S. Patent applicati st ,
filed , entitled D RECT MEMORY ACCESS (DMA) TRANSACTI ONS ON A LOW PI' N COUNT

BUS, and U. S. ication no. , filed ent i d BUS MASTER
TRANSACTI ONS B’@ Mﬁm‘,coum BUS. Each Wﬂm M& E‘; dentified
applications a to t he sane assi resent application.

FIELD OF THE | NVENT¥®X The present invention rep@ees to conputer systens.
More particularly, the present invention relates to communicating between
different types o ter system
BACKGROUND Conve# d ; ¢ : del5a variety of
peri pheral and nenor deV| ces that cormunl cate W|th the systenl s chi p-set
or processorSBO55l TQ) REAATERAPPLEATIQNDSA bus or an Expansi on
bus (X-bus). The system chi p- set or processor must include a Iarge anount

f‘;, loiI gz E) e.g., ipgmtwpﬁt&tabnSlea}ba&b clice m&qga P lechton A8I LIy totSUpport
e us of us si et or
processor w lF‘?dl egacy- B ﬂﬁﬁﬁwgﬁm%gsé&n I%@eﬁdﬁf{ﬁ@ put (1/0
or 1/0 cont rdUbelJ.BeVates mydiragionpaval | el ,ddett conty ehtided, DERECE] port
control | ers, @‘R&‘ /A%égﬁ (BMEL %N?R@ﬁt?dt@#(ﬁ@%i%\%ﬁﬁﬁu keyboar d

controll ers n nmenor non- atil'e menory devices that
store, for ex@WNE, BU&Slaadl Hput Pognpappdisatips awo. (BLOS) filed aromti on. The

| ar ge lnlurrbererqtuda BUS‘F«?N?’P’ERWI?HP@AGT?@RIS' N btuelcmdpnl@l@c%@wdar ds
generatty i r‘g{lga%easchoovfet{\g abo?%stde?nttfce(a)dS apph(c);tlcgi(saarrr% aeSStg_ned to the

same assignee as the present application.

FIELD OF THE INVENTION
The present invention relates to computer systems. More

particularly, the present invention relates to communicating between
different types of devices on a low pin count bus in a computer system.
BACKGROUND

Conventional legacy-based computer systems include a variety
of peripheral and memory devices that communicate with the
system's chip-set or processor via an Industry Standard Architecture
(ISA) bus or an Expansion bus (X-bus). The system chip-set or
processor must include a large amount of pins (e.g., approximately 50-
70 pins) and associated circuitry to support the ISA bus or X-bus signals
that are used to interface the chip-set or processor with legacy-based
peripheral devices including input/output (I/O) or I/O controller
devices such as parallel port controllers, serial port controllers, super
I/0 controllers, floppy disk controllers, keyboard controllers, and
memory devices such as non-volatile memory devices that store, for
example, basic input-output services (BIOS) information.

The large number of pins needed to support the ISA bus and X-
bus standards generally increases overall system cost. For example,
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25 FEB 2002 WO 99/ 15971 PCT/ US98/ 13886 | ar ger packages are requi redlf?-)r 5 202
chi p-set or processor. Larger pincount packages generally cost nore than
.smal |l er ph&uﬁﬂgﬁﬁ packages, and are generally nore suscept ppLRisbd:i3sss
manuf acturing quality and reliability problens during package assenpbly and
systemintegration processes. Furthernore, |arger pin-count packages
require a greater anmpbunt of surface area on a printed circuit board (PCB)
on which a conputer system nmay be inplenented Therefore) it would be
desirable to replace the | SA bus or_X-bus in a conputer systemw th a bus
that woul d support the same types of peripheral devices, but utilize a
relatively smaller nunber of pins or signal lines. The ISA bus and X-bus

st andar ds al2$8e7 P3RRABEHareaFRsIedoOr ReheP Feber PIaseaiir d¥E8E8HREE to 24 bits

or appr oxi Neyehty, al&ay@y efierdfl1y"®¥0 yorethhh Gnadl Hrasif- @pﬁﬁ ac&& e
processors an s ,or, 64 b|t Cg ress space,

3
al i asi ng hagnglﬂé?/lggﬂ‘%‘ii\[}lsyb’e‘gﬁe Fag%.%rr“i?&e F%ng?téﬂf‘é‘gt ‘ﬂn‘éa sor address
gggﬁet Lgt t Pmllaﬁﬂx@g[?hroéﬁms paceng p\hctlagﬁngfagbls}pmdlsgetesm gxmueegmtaamel over head
R G S TN

i npacted. T ere ore, 1t Wwo bus and X-bus
standards whmeuatigfsuriage amoe@m@m@dmrmube@@ @’&s&)eom lreichs conpati bl e

with the precesssér Goshimagte AUSIERRAEPATRerABIL, iboataNt ial Iy i s

unlimted ﬁ%ﬁ us and bus ‘st andards have a further disadvantage of
bei ng asyncARIRRIE [0 TRPECq b} byisionct-BHs é3 aFOsnRyRtes Siplesx i for

cErrpoPents bh@thzﬂaedutd.os ahesmd typép@ngehphé&ﬁd@u&eansu% bus signal s.
Therefore

h C q eges rzgi}ﬁ ace t he. IS?A bus and Xbus st andards
with a bus PRYE ﬁa’ﬂf% orft cr}HrBR Bg?ﬁwﬂﬁ?‘@&ta UR€Bet ween conponents so
as to general |y Thdu8a bueandipbexstapdatds hAsodusiti thieearhaost of rcui try.
SUMVARY OF [Tidm d /'CP%‘déﬁ%%&é@ Eoszqdﬁﬂa% ggﬂrd@%ﬁ'aﬂﬁy%t}%%fy‘fé%‘w ed to a
host and a nenor evi ce may I nc 'ura |ty of gener al

pur pose si gREMeLyn@is! A adgrasy spaese- ﬁﬂﬁ@meweassemae% iRtaets,caand cont r ol

-2 "'t 2udpdtEB22R3% 2 &% éiséﬂé-re?g é@gg{l&ﬁﬁg ak Hrey idislyPPeerlNe nMenory
devi ce may storedf%ztem start-up inforpgtion and I}aﬂate this

i nf or mat | on’GAIFRS RtTRBEE e e PTORESSBT 2 Wﬁé?%%%ﬁ dEgfSant ages of
t he present spaveenAliasingidah ;hedap@argemﬁc:frrtmetrh&casndmmtyum drawi ngs and

fromthe detal hat OF THE
DRAW NGS Th 8 fB?@agg‘igélﬁa& E%’rﬂgﬁ e éfs %bﬂg@ nveE %g# are
i 11 ustrat edThyrafiene, af wexbhpe eiealm@blndo rbphnce alnq: bﬁ‘v‘\lblMStdmi Krlpg es of the

accompanyl NGARAMIGS MoUOUER ik ubSERTENAAR ORI BB | af el ement s
and in whic g one. enbod uter c3{stem having a | ow
pi n count (E®opaphle wnth the processor or chip-set address space, an

potentially is unlimited.

The ISA bus and X-bus standards have a further disadvantage of
being asynchronous. This generally increases design complexity for
components that need to generate and respond to ISA bus and X-bus
signals. Therefore, it would be desirable to replace the ISA bus and X-
bus standards with a bus that may support synchronous
communication between components so as to generally reduce the
complexity of the bus interface circuitry.

SUMMARY OF THE INVENTION
A system is described having a bus coupled to a host and a

memory device. The bus may include a plurality of general purpose

signal lines to carry time-multiplexed address, data, and control
-2-
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Figure 2 is one enbodi ment of an LPC interface; Figure 3 is one enbodi nent

of a state machine diagramfor inplenenting nenory and 1/ O transacti ons;
Figure 4 s 9ns ?nbodl ment of an LPC nmenory read transactigipysdsdysss 5~ 1S
one enbodi nent of an LPC nenory wite transaction; Figure 6 is another
enbodi nent of a state machine diagramfor inplenmenting nenory and 1/0O
transactions; Figure 7 is another enbodi nent of an LPC nenory read
transaction; Figure 8 is another enbodi nent of an LPC nenory wite
transaction; Figure 9 is one enbodi nent of a menory device sel ection
schene; Figure 10 is one enbodi nent of an LPC interface for a nenory
devi ce; and E{%r?rgre 11,Iihs one enbzgchlli.rrent of a timng di agramfor a | ow power
mode of opép D zht_lor}.3 eSEERERY Jce may store system start

information and communicate this information with the host over

the bus.

Other features and advantages of the present invention will be
apparent from the accompanying drawings and from the detailed
description that follows.

BRIEF DESCRIPTION QF THE DRAWINGS
The features and advantages of the present invention are

illustrated by way of example and not limitation in the figures of the
accompanying drawings in which like references indicate similar
elements and in which: )

Figure 1 is one embodiment of a computer system having a low
pin count (LPC) bus;

Figure 2 is one embodiment of an LPC interface;

Figure 3 is one embodiment of a state machine diagram for
implementing memory and 1/0 transactions;

Figure 4 is one embodiment of an LPC memory read transaction;

Figure 5 is one embodiment of an LPC memory write
transaction;

Figure 6 is another embodiment of a state machine diagram for
implementing memory and I/O transactions;

Figure 7 is another embodiment of an LPC memory read
transaction;

Figure 8 is another embodiment of an LPC memory write
transaction;

Figure 9 is one embodiment of a memory device selection
scheme;

Figure 10 is one embodiment of an LPC interface for a memory
device; and

Figure 11 is one embodiment of a timing diagram for a low
power mode of operation.
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WO 991 15971 ~PCT/ US98/ 13886 DETAI LED DESCRI PTI ON A conputer systemwth a
low pin count (LPC) bus is disclosed. The LPC bus nay replace the |SA bus
«0or X-bus Wo@?/gggputer system whi |l e providing a conmuni cat i Ragigsm
bet ween a hos such as a processor or chip-set, and peripheral ‘devi ces,
such as /O or 1/O controller devices and nenory devi ces. For one
enbodi nent, the LPC bus may include general purpose signal lines that carry
substantially all time-nultiplexed address, data, and control infornmation
to inplenment nenory) 1/0O direct nmenory access_(DMVA), and bus naster
transacti ons between the host and tile peripheral devices. An intended
advant age of is that it may require significantly fewer signal
lines (e.qg., I ignal lines) to performall of the

functions pr evi ouslcprmpar t&pgy@@lmbwm(eloa@@ﬁmbtmt alBC PPy & @ﬂsgl@aéé l'i nes of
the I SA bus us stan nber of sigpal ines for the
LPC bus nay DB BPGat s ShdRRLEE sk huls SRS Thacc o BHET S sl ds) t he
nunber of pnmblleqqowrcbdganccamnmpnneonmmfmﬂxsndiﬁtwesata hostprsucbszesor to
e e ePingaSr TS <8 ARE SR AGHUEC ducP e /Gty An PO

interface inc ral se an‘equal ly smal |
number of p|q¢@tmlarrd@n¢eamdmelmmryedem¢s s&or onemrm@i;lmntvtlw LRE LPC bus.

Thi K d
ower oyst era SomPd iPele BARKAG b0 Slenal Ynes e R BaB TR A 0T s
may result itMAITGHEP éﬁ%d dgiressd data élﬁdeFQ%tEPbl HaEmaGPAgcaap yRerim

i ntegration. mIﬁ@rkPQ@Ltﬁré@Yn@hé E@ce‘s@@DMA)) r:2Ql BeenRkher system busses to
reduce pin counts .on %ackaeg1 ﬁ'ﬁagu | ed, to the us? Anot her i ntended

advant age of  3HECHPES BEEVE st SRETBPeIY X {ffPess space is not
limted to a partAcuh@ndadniderntfgeasfdhe I T ibusds timtatummtmjmmi on bus;
rather, the JBCe e r 0] are

r equi red to a r{lgg[ztlg!wwa %‘Pg‘é,syrslgigeg’ %ﬁﬂm}cﬁéﬁ@g @é%r@aﬁl ‘?}egs?ozg of
memory or | /POréyEr @flso sl@adénﬁﬁgnso@lwou@leroperfqrmed byatheFEB 2002 w0 99/ 15971
PCT/ US98/ 13%@6\@%5@ 5@?@@%@1@%@%@9@ 1@% w@ahEQ Bus stahdahat. the LPC

interface | t War e t hat to |nterfaceach|p set
or processor’ti& ‘b’é‘i’? E?‘&Paﬁel\y“%efo% %’CSB’FQ Myebe 818 bl e wit h

exi sti lngdcorrpuneéd S)Véi EHEBI SPLIO Y hHIXbSA skited £els Xheusurabandfpiss Th?t i's, no
special driver or . confi uratlon i.S re er at software or
appl i cati on ‘PASHFAR £ 6 F\Pﬁ“%r SR Bsseg%)faépr&;gor ‘%%“%%%}@F €X- bus
systens. StilllIC @netnhey bentm\mﬁl@d\tadxmirmage%hllaﬁg, wPCoUmtedatchat it may be
a synchrono f ac ui, tr and

peri pher al gés}:aggge‘t 0 AeggCH_E% bﬂ&ﬁaﬁ an% Ha?l ge %e%g?fr@w trg t han

asynchr onous'wnger @t ékﬁsd@énﬁﬁéﬂcgrwl h‘lfhé CbFFCSbfu@f prafessyotn dhed-apporting

circuitry nmaysalBRishfay @@elml@smdmer%n%amg:m féﬁﬁle%xﬂﬁo:ﬁ’éﬂtnters di gi tal
caneras, and co ni cat:ﬁgqps st ens cel l ul'ar phone systens,

pagers, and BFYRPSFUTERE W§f§9’§”@é‘?‘r§§?5 Slbeukr‘%c‘?LmPé‘t?fn%’sé‘HBodl ment  of
conput er sysﬁemﬁb@&meﬂclmﬂmgnal Oﬁhtls ﬁésu:mtled epejuatibeanld devi ces
including 1/0O or 9 oIergl ]t g Lﬁ\ g uslm)ry deV|ce 108
Vi an LPC BB AIeBIE STkl g S GRT pealion pHi L BRYH5° ot her
control | ogike tdeat to replacdeghensysitéingnrsses fooredutrt:@maoung; o phckaygesbus 124.
Host 102 nay, diggssbhe necessary logic to interface with an optional
| SA bus 126 cgn §%an§%[| one’lng'PCI or Host bus 128. Host 102 communi cates
addr ess, dat a, an‘ﬂ“@%‘ﬁf ifenfnd sdvantage of the RGOS i3 thaloemasys 130 t hat

may be a |00a&‘ld/}£b%$/®af&ﬁ&§§15 Eho@%?rgté\&‘f@é YatdQu ABRuRdet e mal n ?r DRAM
pl’l mary nenor or strem Su as CcCess rre ,
PRIl = CRA T S e e s S SR R

nonvol ati | e ceeryay mahgtadaaysssignds af are eqaeldeto acdokresstdmyadyetem sof t war e,

application be I/0O
controller %\%?(ges uﬁa§oqgfrcg ﬂgf %darsnl1 agﬁéérﬁﬁa' %%ﬂ%(gggggggs&?gé and control
access to pemilprb@rfaflol@@irponents such as floppy disk drives, keyboards, and
the like. 1/0 devices 104 and 106 nmay eae4 be, for exanple, a floppy disk

controller, 25 FEB 2002 WD 991 15971 PCT/ US98/ 13886



a serial port controller, a parallel port controller, an infra-red(3RF=5 20M
controller, a keyboard controller, audio controller device, or vrdeo
controll erg |/ O device 104 nay a Super |/ O device t E s 1/0
controllePKg%%ﬁgﬁnd 122 that may each be, for exanple, a %%59 &
controller, a serial port controller, a parallel port controller an

i nfrared (IR) controller, a keyboard controller, audio controller devi ce,
or video controller device. Menory device 108 is a peripheral device that
is addressable in nenory space. For exanple, nenory device 108 may incl ude
any type of volatile or nonvolatile nenory such as DRAM SRAM fl ash
menory, electrically programmable read only nenory (EPROM), electrically

erasabl e progr amfeaHitRer sHanded pdrenidgy of HEPRED bumﬁgﬂ‘éltfrfbe dRGr age medi a,

or opti cal sﬁer@a@1csgaelaad/M?@Brtwaql@maq%%%eru%iéd%%r'erﬁleétaeaﬂ Lt - up code,
manageabi | ity code, gveratrn pz%gtem dat a, abqfrcatron code ra ram dat a,

or functionC3PrecEEPy Hodgviqpmaybe sebtwats cempradklany
Syst em st ar textspmgadﬁnpmerlsysﬂeudeembtoyiﬁgQSAafgs SoXKibar gahQardsf i gur e or

boot conpon h S ncl ude OS inforpation. Each
of host 102%2‘%3 gtNIrl éFpeec?arM Gllz‘?gafr °l Ovn?cge”gﬁélls i%“rethylcﬁ?rf‘ﬁcgude LPC

i nterfaces EI&GH!LQQ“WEMOF appligatén pragrentsitegiup, orf en @Eﬁ@mtaynngC signal s
and for res%n;ypngug%rbpguggﬂg}@lr{% on LPC bus 124 These LPC interfaces may
enabl e system 10Q and bus nmaster

transactions oveStllnQjner ﬂﬂ“dﬁééﬁvﬂll‘*@SmeéN é@’@ h‘é% iethatdl maiphe or

out put pinsh §y@1ch9§r@cbl.\/seb@§ erﬁikﬂ Pcsllngm;lc% diA)igyQlithtChKst and LFRAVE#.
Note that a ound\r/@ycﬁrb "#" fol nq? i@gnal ane i ndi caLes that the
signal is aPRE{F %sité’n%‘lmer?f Y TeqYLE f65P PR RIFH GICHERY dMaBct i ve | ow

si gnal s nmay abgnadirbeoesd be iheeréeei dmsigrisgh si gnal s. The LAD(3:0] signal |ines
are general purp i i ddress, data,
and control inf oﬁ{?n‘%tl?[:)@n%g glfld%%oé)g?etdl% e rﬁle[r}e{n} Iﬁmjégg aeand

peri pheral desitded lmcltherlﬁll@te@ﬁdnﬂ_mgmg/\pemh@ns drgdfad:cemdrgs,cand yi ng addr ess,

data, or COQbﬁﬁnuhf&fagbﬂasty's%S@e '%Eodemz Cellular p§o§e sy yStefris? \Qg 91135971
PCT/ US98/ 13883&%’[‘%\1,&%[1Fm given tine be determ ne he opg ting context

of system 168 %eneéérf'bse{ﬁ n greater detai I bel ow. Wile LAD 3:0j
is illustrated aFigufeolis bhé ebﬂ:@drﬂ’enﬁb?cbﬂﬂ huetes ywpymmotbieicledingi gnal | i nes

e ' g Tinded passe o Ca R Aol Lok

advant ageousievaes é@ddeadi 18, mudlmemofy pevise 18fvia aul LT bas h246f Itlbet LPC

i nterfaces 2 d of host
102 and per ﬁéﬁﬁbggﬁmg%g&f%‘%ﬁyrg%%ré‘yl%tgm Eﬁﬁeplo%ggcl oquasulzage%al t hat
nma_y be genérigtligensy QP@*P—#@@F\B&@@ 185 bus pyd.obinst 182 meay 2159 wit hin host
192 (k m()t tshql\rr\nllde/l«h&ellreeegsb dfic mlefﬁ?z’e Qﬁt@@ﬁ?ﬁ)@%ﬁq} lJS/A%LetyxsztsemF

cl oc not s i nc imng circuitr or one
rbodi font | PR ARJoBE PhEoBHESt Posk2fr BipsPey? BB Fice pERAESS

gener at ed b)daltPGndlt@rﬁﬂ‘ralCﬂ\fdﬂrﬁa@énhQs}ﬁ mdiotyoliMoivenbeastiBe th’aama)andlor end
of LPC transbact or cyegles Eachbof PC i nt ﬁ&éaces %Jfﬁ gorand 116,
may o tor D5r% AABPE PERRVEAEBRL o m e R A A DPES (Pe AEE Pon
begi n or enqbrrrﬁorry meangiyeforsiystent FB0 Aligh Esidiysamgs eandam(axcgss | ow) by host

108 oG e RERREP ORI M B P St Sep e 0, oo

108, respect| vel eterm n transacti on or
cycle is fortYP®&&m Voggfwlﬁrﬁfa@@b NERrijle meEPTY thrhmaycstosn s eX8MRAlRt ended for a

particul ar Rﬁ)’elrﬂlil@g §lzstd§1Vé&ﬂvaxtehab H@altld?h@f@l o@l bgeari®patenter a | over
power node and - coup i—@ cf ﬂ%fﬂf) gomdt he bt}‘s and/or gate
its clocks. If L e & F%ElY tcﬂalfo FRAPECRS BiAt136e PPhen LPC
interfaces IktRireddaBle mnld Cladhdremy spadeyartceamitrdlactéss totperipteoait r ol

f t d t
nfor T o gtk Gl 5 el st S Byl WEBAIRO |5 ot ve
on LAD[ 3:0j dftviges 10 %Oﬁ @ads@éhtb@dfm exappie~a floppy digk penigollesg71 Tabl e
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LAD( 3: 0] Functi on0000Start of transacti on0O0OO1Reserved00l 0G ant for bus
master 00011Grant for bus master 10100Reservedl1101Menory readll10Menory
wwitelll rt transaction LFRAVE#~ is used to abort
t ransact @%)?Q/ é’p’? exanple, LPC interfaces 112, 114, arid 1PETE}?%6§?§%pher al
devi ces, 104, 106, and 108, respectively, cont| nue to nonitor LFRAVE#
during LPC transactions. If LFRAVE# is asserted durins an LPC transacti on,
t he peripheral devices 104, 106, and 108 will stop driving LAD(3:0] and
abort their LPC transaction. For one enbodi nent, host 102 asserts LFRAVE#
for a nunber of LCLK cycles (e. g , four clock cycles) to ensure that the
abort indicatian is reco zed peri pheral devices i ng one or
more of thed&eTI&l RO r’gg& 8d’oé‘tp 8 drﬁﬂftép%roéllrefv@ H‘rfé%l’é?%ﬂ# ned data on
LAD( 3: 0] af tattrpker, phleé)aioad&\/do@xeﬁolrbﬁad&)i& ¢ eolidrappack, diri videg LAD( 3: 0] .

F nb t 111 LA LF

For one ool ety obgpl 18 Aenadsd o8 LA ke HTME 5
LFRAVE# mayl/Mfe castrodlers B2 ted 322 thatmaay eRch be afos &zt ingrhe, cofloppy eésk For
alternative, @rﬁfeeﬁéﬁ%{‘éegg\}%%%ﬁu%&,*%e %’&?Ql i}%h"‘&ﬁﬂr@l“é’r gquﬂ%v' ces (e.g.,

a host and per hﬁgera i'ce) In an 1 ndependent contr ol

si gnal on afed W@Efcﬁﬁﬁb’bwﬂd mnt(@lém puflioaenrtreliern deviceoduni cate t he
start or aborddRo®froBet HaPg@ACti on such as a nenory, 1/O bus naster, or
DVA transaction. |LPC busg 124 al so. inclyu reset sjgnal LRESET# i nput
nto each of LPOMETER ekise 108 s 3 peripfegal F dfii% TG adeigreblg < ¢ he L
interfaces Mnaorlyns}ynestfairee@mfge, m@i’ndr?l@e\&t@ll@ mayoinchude enpogperent, -s

25 FEB 20020}/\90923 597&05\%?%9?%%%%8%9%5% AR, 1%?%?‘0(1 %bme reset signal

as a PCl reset 'sig may al so have
DVA requestﬂmng(hla’l <ledbRGY @nogiaDROakle reeslp@mhylmemorydﬁé’\ﬂcél‘éﬂ on separate

control |'n@l%c@r‘i%a‘l—l?%ﬂa?&tﬁm%gha]ﬂﬁ\a% e RORL oﬁ@zmehﬁﬁg@ﬁl ) p“ o # rray be

used to transmt enhcoded annel request
perf or mi ng BABRRtIGEIASE Fagdiar Of PRASHCPREE BaEH- | Mompsyi ¢avifgy0 fi‘1ave one

uni que LDRGHayi ﬂaaés @ﬂagtaﬂtuppeéa@hﬁm&géi@ymgacold/e%p@fatnrn @ldyetem 120 and 122
ues al so. i nclude a | ow

share one chan on L us 124
power or s%bﬁpg IGHgn ?‘&[ﬁrpgfzﬁa WPIDETEHPR @f ab?n%)ﬁlgtpafof? to each of
peri pheral Hes/cl R0l DH desicesn 164 appdnat Systent salrt-iprede Asay inalsde at ed in

Figure 11, {}Iec’]eggarrms}/of%&xeér {?4&5%&[3{%(0% l?oot Jo or?é?*?%ih?gdééé %nat time t0

to cause per| erardevi ces er a 10w power
recogni zi nglAbarmkmays s ede ByORosformtjomper i pheral devi ces 104- 108 will

halt any LPC trapgacht aBst Bidadd | 'thcs @xtlﬁh&fal%wé%sﬁb@ ToeR¥Kd siognal s
i nactive. Peril pher evi ces [ or host \maio also tri-state or

drive LAD[ 3Nsjudgl %Ck‘l’i‘é%ﬁa%etsa}tlg 1]}30%4'1452:1 rgRESHYR .FRAVE# to a known
Et atﬁ ghl ]9][1 g@fierh AW Iﬁf(ter ssafd lrgdtgrelb Fs it t'Oan?(b@l V¢ OO WUPC Itmsllfe],c {_ELK may
e shut o erlpera evi ces ut o eir
state nachi F@fs ihﬁ?eof‘{) g‘? §55iBaY ﬁB?b ﬁ&sﬁ%égéﬁ%h‘?‘m?‘ﬁﬁ {'I me difference
be'évveen to amﬂnmdy,i[;éOaDMQashd&msrmast@semml detiondhererdXi@ bag 124e |O¥V power
node, LCLK i- run for a
period of ti n@@g&&%&ﬁg@%@%%ﬂ%@ %t% éld“ltghtﬁj% %% &Jl%g?eng%e enbodi nment ,
the time di fRasmicsghelsiedR(3:0), 4K ik LERAMES: Nae thatc peusends. LRESET#

may then besused] t® f&wm ef sihal ahneHdiested it A8 sﬁgmlﬁlaﬁe t3 to t4.
For one errbodl ment ,- the difference between tines t t4d is,at | east 60

mi cr osecond&1YH Wf@én%ln HetligsRariye eqRadimerdpAc ‘(quﬂ’ﬁ’ys‘ﬁf@g' have
addi tional siajebaateiduptat bancti oy htglbhtsjglﬁalSl gnals utilized in I SA or PCl

busses, i ncl udi gyt ERTIBY sighaNRhSs L% Gerter L FERs8 Whrilfhifks eRgH i onal -9
carry time-multiplexed address, data, and control information over
LPC bus 124 and between host 102 and peripheral devices 104, 106, and

108. Whether LAD[3:0] is carrying address, data, or control information
-6-



25 FEB 2002 ° WD 991 15971 PCT/ US98/ 13886 cl ock signals (e.g., CLKRUS)-thddn?
power managerrent signals as will be described in nore detail bel ow By
utilizin roximtely 6-9 signal lines, in one enbodi ne 124

may provi 9565?53 antial signal and pin-count savings over rg%lr{bgg P%krsgia | SA
bus or X-bus parts or systens. For exanple, the follow ng I SA bus or X-bus
signals typically found on plug-n-play devices nmay no | onger be required:
D{7:0], SA(IS:QJ, DREQ(3:0), DACK~[3:0], TC, |1OR#, |OM, |10OC -IRDY,
| OCS16#, and MEMCS16#. This may result in a savings of approximately 30-40
signals or, the bus, tile host, and/or peripheral devices. For one
enbodi nent, a fully functional Super 1/0O peripheral controller device that
may have reqmm)egr\&m timregmag bead dt6 fmjried bﬁdtkeagpemmd'%rcdr&é\xmf X- bus

conpati ble sj ty r n il S ing an LPC
interface a %us?t%?%tvé’gwed ukgeea '%% Lc%é gBeloe‘? %@%gg&gﬂgﬁt he LPC

i nterfaces §1lﬁu§m8tqdoa§3éro@r-hrtgmﬁawmaylxmcludmnyarm@mﬁaso fraigral transactl ons
or cycles ingbdieh B&rmra}h [rfiefld edR/R { egé{sé"gf &zfrrrgxln/ Qlﬁ\%argulrg‘l@xé\ﬂ' te,

read, DVA wri é rraster msrmr u er., menor ite, bus
master |/0 #¢ EFSS abﬁ% (FRBEISY i) PUT‘\ﬂ/FIPf‘e ‘éf | pibble-s17 Et‘?@h may be

i ndi cat ed |beadi/aﬁtacgeotxs web@uée/ﬂ@ ﬁurhelrbdt be E:wnaq@@reur@rh eath @If rmél on driven
on LA 3: 0] P&t‘ ger& élg 8 ri p evi c r?g g
enbodi nent bf “t'R\ VIDE 2 SEiE R AR PR ageoﬁlzems 1]

i's shown moﬂ'hbstteloz ar(d peri henmtbdlengasdﬁllt]lﬁ)é sadrd08r ot her signal |ines may
be used. -10 F 81 13886

Tabl'e 2 LADL3: 11T Fg#sfgird%ééw%ﬁﬁaﬁ?ﬁa% A G0 inemory
W i t e100DMACREH PEDEDMACHitTY wiithdn host 162 feat\sbd W) gu‘rs)éemaslh( LEK| nterface

200 that | Sreqcoepliodhiitby fsybRe u&r%%@p&muﬁ rp.fdmaE A Q3stakBE 1 nter face
200 generate and j nter rets tro formati on on

nd
LPC bus 124°6TitHpIneneht ity qrr%ﬂfs PSH§’3N %ﬁﬁr &3y Elﬁhfcrlj erface 200
i ncl udes rrenibr:lyfwzrﬂ‘HClI(BdsPQS(;ontrol | ogi c 202 that nmay control nenory read,

menory wit O ac host 102 and
one ory peri %ﬁ%&&%@gé‘é %61 Bié‘grd 'I{}S?fk %Waorﬁ}%tt 1@%%% ‘g\é%ﬁ%qlhggl c 202 may
i ncl ude a sstatteanthicirianel oerB@qmrseetnoﬂmr gm&pserﬁarchg)fﬂé’@\ﬂﬁﬂrfat&s st at es
necessary-f t tiieular, P ng address
data, or cogy)r C}ngﬁ orlrrgt#rgd e gﬁkbﬁg%g?{mgw@and or Laé

i nf or mat i on“ﬁreaﬂrubﬁcorransqsc@nanay@Bmenémf/o@rexa neieRe provr ded to
bus 214 for LpRIAPHE Byadsetted 5@8 1&@@@&.%01142(: Frﬂérf@&% 1Bobotd neat , nenory

T anshct | on! ! B P A Fiies 5k i Forrsd b ReATH BTG i  h LPC

decode | ogi bAI][G:Oc])\zerdermenmre wihethes itign alasisctibn wPydecofte thegi.c 210 may
i adapdd f
nost 102, 1 SRvpHleerbBshERAY a M BctioR g by BUE B RIS LRt T ST e
t he addr essparndhsrlaéjrdawlqeerhhnirtyp@mi’larﬂbdtﬂ@(m)aryt eoler [2olpweropawed begin a
I P ly b
renory or h@ge dd HRPackbRble IPLACHANRIARGEmARE YR AiAL | Vel Y be

| ocat ed out sl I nt er ace hi n host 102 coded

addr ess ranyesiocks. pekFRAMEY igessreted fon mays thay ope hféflﬁﬁéeeséﬁeevs to be -11
LPC interfaces 112, 114, and

116 may only react to the start control information on LAD[3:0] during
the last LCLK cycle that LFRAME# is active. Table 1 summarizes
exemplary definitions of the start control information on LAD{3:0]
while LFRAME# is asserted.



!'F"ﬁ ann
2 5 FEB 2002 WO 99115971 PCT/ US98/ 13886 conpatible with previous ISi g o
and X-bus | egacy based peripheral devices to aide is maki ng LPC
transact Wa”% tware transparent to operating system sof
application’so vvare. For an alternative enbodi nent, control 01? the menory
and 1/ 0O LPC transactions nmay be separated into different control circuits.
LPC interface 200 al so i ncludes DVA LPC control |ogic 204 that controls DVA
read and wite LPC transactions between host 102 and one of |/0O devices 104
and 106. DVA LPC control logic 204 may include a state machi ne or sequencer
for sequencing between the states necessary for the DVA LPC transaction,
and for generating address, data, or control information oil LAD13:0J,
LFRAIvI) r#, and/or _LCLK and fd@abrl‘é éei ving DVA request signal s LDRQOr~ and
LDRQL#. The infornmtion grAM[Yd on LAD 3: 0JFubERARE#, LDRQO#, LDRQL#,
and/ or LCLK nmay bdg provi degog® or from [E{;—Trlplﬁ tfaﬁsa\maﬂTo ic 208 and bus
214. DVA LPC cont rfol logl 006@1‘* ey In[ err dCEMéI ,ewaosr 103 and nenory 110

vi a DVA control | er242- -+t Y PMAPC control | ogic
204 may communi cat o wit L”a%miqnm roll -rEf ngfﬂbrusnmggfg}' Ogre signals 2%8.

For one enbodi nentl__DMA cofiPthl] er fagent fRnBusemaster dr Inore 8237 or
8237-conpati bl e DNA cont r oPiled s. DIVA dont r ol Reper¥e2 nay performarbitration
wi thin host 102 on behal f at0kh DVA channel Meglory ratdt he 1}/ O devi ce using
that DVA channel nay CONMLUNY g@T € W TN [Mal TMIEABFY wrile V1 a host 102. LPC
interface 200 may {@so—TTC bus—mast c 206 t hat
control bus mast er—Aerety 'IZEI,’: R ﬁopZA‘bo‘fWi‘ahB Ctli,éﬁf and bus naster
I/Oread and wite LPC transactions be*t ween host 102 and peri pheral devices

104-108. Bus mast@ialfis %QYHeH% alb%%f 6t %Q@LWtrhﬂ&lc‘t‘%%saﬁtrate machi ne or

sequencer for sequenci.ng tes necessary for the bus mast er
LPC transac?ﬁ*?mﬁe I8} lf‘E?Ffaﬁé‘hé}‘atlllﬁgﬂ%éﬂf%%Pe@Blﬂ%Fa16FVt§6ﬁt]rQ§If 19%f or mat i on

EBRE/&X?» 8]a,ndLF(FsA ecan%orcoh%&e tanﬂoﬁgérd LBRWMEngnDMPgOJ m@wﬁ; si EB?JQSo#
an i vided on ,

CoRary, - 127Pegtbongdf 2B ER s G8seRied a3 PAdeR FANRCRY BF L LK mmy be
provi ded t repipHerolnd évRe2sbled, 1026} andalﬂBogultstb@deaMgtiuADtS.O ahdgi ¢ 208 mmay

compr i s O opf B EPRULLELRRY, HANSSEINELS B LBLOIGALLRA,LPC bus |24

with LPC b Ive ncl ude bus 214,
rather, | odifdRAebEihtey aeumbane L@éLchmcwt g dadr c}mmydlfé) fg to the input

and out put esisGRakiS: tahe FBRRY heiliohf Qrkf%ﬂem blal gghﬁh&% deMsLPC contr ol

| ogi ¢ 204, and bus master LPC cont .ol his alternative
enbodi ment ,Dpidpes Orecy maye pethess dildet srclgs, hﬁﬂttl%rné%ése.c}remt that outputs
or inputs tﬁl@d@ﬂé@ﬁﬁﬁéd} dhen be@AS[DB!‘@a?tetr cipthekilodeJifs 1o4s10@2Raved control

I 202, t
enbodi ment e BRVERLAE: R‘fsef%%ﬁf%b ocr"ﬁﬁﬁﬂkmj@ﬁz SRR o of Lrc
i nt er f aces drlRATI[8:0 ovipér LBR mMiE e 3ssartdd do ihdOaterdnt ebort seqaentePC

transactiong, tt?m%té’}ﬁzer H@%b&??e%&%usg%#%ﬂﬁg@i&a;&%e & (ﬁssexl:% peXgmpi e, the

state di agram of e machi ne or sequences of
menory and qe/voLLPﬁctmﬁwtmn t@@mergeg of Figure 2. This state diagram

i mpl ement s mm%rrﬂ?é?naﬁeér@ﬁ'}bdﬁﬁhteﬁts |L/F@A:19@df m% thd ﬁgdﬂ’bbi\@eérf’c
transactions. For .ot her enbodi rne*ntaH aarlrfges 3 .6 machi nes may i npl enent
tH%S

menory t r afSXctrOAS ViR (§BoAthoshan VYGRS te LPC
transact i oriadepéhddre dﬂﬂfxﬂldﬁ)@ﬁhlvOrrahhnﬁbpemddﬂ ohteidind @part framg di agr anms

of Figures 4bu§5dto communicate the start or abortion of a transaction such as a

memory, I/0O, bus master, or DMA transaction.

LPC bus 124 may also include a teset signal LRESET# input into
each of LPC interfaces 112, 114, 116, and 118 and that resets the LPC
interfaces to a known state (e.g., an idle state). For one embodiment,

-8-



L) b i
An exenplary menory read LPC transaction by host 102 froma nmenory | ocation
in menory device 108 will first be described with reference to Figures 3
and 4. T y read LPC transaction nay be inplenente l e, by
host 102%@9%§guystem start-up information from nenory gy&f{@%;sﬁS@gp
state 302, LPCinterface 118 is in an idle state not performng an LPC
transacti on when LFRAVE# deasserted (e.g., high). The process transitions
to state 304 when host 102 commences an LPC transaction (e.g., when control
| ogi ¢ 202 receives decoded signals from LPC decode |ogic 210 and host 102
indicating that a nenory read LPC transaction is to occur) by asserting -13
25 FEB 2002 WO 99/ 15971 PCT/ US98113886 LFRAME# (e.g., |ow) on LPC bus |24.
Host 102 ndyREHET#amay &etthe samediesetreigmatesi oRCH mtangmgonﬂ’éilsbtwt of an LPC
transactionpgn LAD(3:0] during cycle TO. For exanple, the start control
i nformati on may ?569000 on LAD(3:0] as.indicated in Table 1. The process
then transitiong ieasd mda Hip ayralapbaye DMA Equpe %1%%15and direction

control |nfUDm@0#<aﬂdQLDR@§3ré% edﬂﬂi}élvgpﬁd&qhéd'f)l\ se eqt@yc@nerdmneesand

tr ansact | of RE Bt el st A8 bR 15 LR BV FoUEEie fype and
direction ¢omsmol enmdﬁdr@ﬂ\{mmhmyxebee tsoto ha¥b(182 riasta nd| cated in Table
ddr 6ss of PLhe hus A DRE oF b nafefaheacth, PEANITS dbiedhel ™ iy 3: o
during n clh@¥R Oégecm@ﬁutriDRQé sagrplessishrthpt 9erlah9ra|1 aeyide JWObits supported

by a syst e@bﬁ%ne@smy&t&mzi@ﬂa&f ofé QJMR éhaxﬁ\@dr&g\r&t everpagusber bof 4n
may be

clock cycles T2, For o lnen menor spac

GByt es requiri né‘%fz){’lﬁ? Fﬁ‘i 8\‘2‘)’ POF ‘é%l? QW POWET QMhitan %6 nt, ei ght

cl ock cycl éPGiiDaddrtessy bafowtpat b ﬂ’noatrBoaotrooaachd peyipte m&lr@éwt@gl c to LPC
bus 124 to fer addres |nf t rom host
102 to mam%%qge\ﬂncae i%égper‘ﬁontgﬁﬁ %ﬁﬁ%srt q??dﬂ rﬁ%‘f/re 1”§¥ ?8%(1 nost

si gni fi cantmay diseet EPEBD# ( Egaslow|agym¢hroaqt15|y|atbtbime t0 tcstz;usmr in any other
e o PR B TRAREY 18080 Mo K05 ki fIgRA! IyfoeTbO Mont, host

102 may op drive size contro durlng a

subsequent r@ggg]nézmgdf e epgssigdnenhost K2, §p@§h@r@h§ipmce$ @‘b‘rl tion
Jindicates t4ig KHRAY LPC Brhefctidhs DT s@ed ar aewbehéeamﬁmrrgrﬁmgory devi ce

108 start It d te 3 d

enbodi ment ?aﬁcﬁiqrw} rrEisrBel i fod ghdlSiiost ABR 19 26 BESElbsequont | y

transf err edravare LAD[30D}a a Gnbem euaoa)degsmmmtapexlsﬁdaverLFdletE#ent LAD
ignal lin

PCT/ US98/ 12@@2&%@‘ §&§P@Rg@%4é?@§aé%§§%é:ﬁﬁg§§%§rl?#"‘&i@é t's (2

byt es) 10Repeasdnede FLE may bytsbet offort timett ﬂd@ﬂiqﬂlerﬁ} evztcme si ze
control 'nflgU’.[@B'rH gRYt bmhel@tseat&hﬁsc@ﬁég%@m&me% xt §orfnetenory data

are to be read fro elcel starting ess provided in
state 306. E*rf%&d;s%eést s ittt paeeTblY m%ﬂarsoﬁnléa% ) state 312 to
turn contr%xcﬂiset&&muwmezﬂemag tﬁéQ@ﬂvWeﬁ%d@QL@J@fﬁaydB&l ce 108 during
n clock cy e cks wide. In

r_one Q tate
The Tirst croeked sy arodPas gt arind TABF IS Frassioipt RS eder of mi ned
control i nbeforatiOPD# .igdeaskadtddl .atltimé k& Fecone exbodiment | tbe timet 102 may
tri-state T i u gattached to
t hese Ii nelsdbg%l%pgé bleh{}l&% % M% I ﬁ%#ﬁbp%‘é@oﬁ‘é@ﬁxﬁﬁ t?E?E? For ot her
enbodi ment @amthﬁayb%elseﬁ;@ e@%épeapbp@lﬁevwéépéﬂoﬁrﬁéﬁthEdﬁéel@ cycles to
turn aroun@ok Ae3dodifitPRRCETforbmie btRehtaned tJ oRd tP isheleasBl4 and in
whi ch host [ 102.waits clock cycles T5 while nenory device 108 drives
i nband syn rrBrLﬁrQaecciOBHs'cont rol information on LAD 3:0J. The synchroni zation
control informatHest 168 ynndeparittbrhbdedidesvii4-188 ategsalsmhilvet he nenory data is
ready to b i I I , devi ces of
differing g&%ﬁ%@*‘%ﬁ%‘%@g&“ Uqu‘dzgf %Q@ ut ﬂ {‘Qésutt @ﬁe&l IS[Z\EB{EEI
Convent i ondlusges, andedingaindertophsigola SsﬁegpaSE RQ aneddt)e ddeorienal I i ne was
used to indicate when data was ready (e-93., IOCHRDY in the |SA bus or
X-bus). In contrast, nenory device 108 may use inband signaling on LAD 3:0J
to insert wait states wthout requiring the use of an additional dedicated
pin or signal line.




. TR 900
For one enbodi nent, the synchronization control information field IZag [-V\% 2

phases. The first phase drives first control information -15 25 FEB 2002
. CVO 99/ 15‘25399)3(;7}'/ US98/ 13886 on LAD{ 3:0] (e.g., 0101 or O0138&) ¥4k {3856
accessi ng requested data. The second phase drives second contro
information on LAD(3:0] indicating that the data is ready to be output to
LPC bus 1Z4 (e.g., 0000 on Lad [3:0]). Host 102 nmay nonitor the
synchroni zation control information and determ ne when the second
information is sent. Host 102 may then know that the data output by nmenory
device 108 in the subsequent clock cycles) T6 will be the data requested by
host 102. For .one enbodinent, the first control informati on has ﬁn encodi ng

(e.g. 0110 &prk igpalscie)s « RAEKR Wb anespowsr managey e iigeals s Wil drive a
rel ativel y Jead @R ribedliarmefe wedatl Bdiges onto LAD 3: 0] (e.g. appr oxi mately
20~- wait state he.first cantral for thI’l may al so. hay n encodi ng
(e.g., 0101 on Efi}b[“g‘hé DL f‘HBfo’ilﬁ’tﬁtﬁl&é&g lh‘bﬁ‘r‘m‘@ %Bog I?r‘ay drive a
rel ativel y Isi@lblusrizdtreny gfrowsdd sxsiisaﬁretsalcsmgm:a LA rQ:onﬁxet spvingpprvexi mat el y
1-20 wait 0 X e Tabhle 4 ry device 108
may drive séoawgﬁéﬁpgg{sl%ﬁga%t %Pgé’%é% Un syl_sAﬁ% , %\gésé)ectn?\\%l y, for

appr oxi mat dbjlowing IgAdeis ey KHass agdaltshgplcdfly\ieuode)rtngenqi apoo0 on

LAlDl[ 3bOJ {&eﬁﬂ@‘&%x nl‘)lohgeﬂ t'%if Fedf( ]h§A 1‘5 tﬁ dafja is re?dyt a[‘d
s lar Se"“rﬁ&c@% EB AR Imgcﬁmcm”l&”@%@ﬂg state
320. As preplious r@lseﬂcm bedmr{g@ ofzrm(ate Boso- 40&@@5@@&&@@&& by
asserting Lt mpr.e cycI es dr| VI redet er m ned
abort contrgFl?]A ol c?ro?]er %hf‘gfa dﬂ‘fi Eof H“?aﬁﬁ? R%P% The
synchr oni zafumnohnleﬂinip@fI/@r}ierrqjhelranlfmmmuawrdmye alhzstcrnla hesed by menory
devi ce 108 nhan Ly BC i nterface
118 of hostrte%ﬁg'%a%hqgegror %@g éB& )ng&gﬁ?gn?}%[@[é CQ’JmIB%j)tllJr:gng t he
synchr oni zat{\dhiosequaycequrerareS&ppl @r lpss) pagkige yaing asLPke second control

i nf or mat i onntdifddaeaseni@etaf@nin bar?,\grgg first and second synchronization
control informatyon error S ndi cat e, exanpl e, that the
data requested i BP&H’;}FéBaV?e%ﬁé%\bdat\y‘n%t%“ﬁé?f?ﬁ?elrlgr 189 ce did not
undelr sgand ;bdréomi&memagf ,HEDB, ZDIOIZ\h %d%ﬁﬁﬁ&lﬂeﬁﬁﬁns’abﬁ%é &885361es equest, ] anI
invalid re t..was_Imma that a reque as rlp era
device is quF dbwerm;%reﬁgidéngporyswr ’af#(g“? Rgqd. ﬁzggwme\/\ﬁ{\& 1 s not
ready or aleMA oviote, puts rdastar nfeonopneeaerbadimzsies mdmary wrrrterbtn?essage is

sent durin d

di sregar deg" Qﬁﬁgmlfe%%@}%égggﬁ%ﬁ%ﬁgo mﬁe 6}{1\? tgée ogli’%n‘%%n LAIg[YB 0] for

t he synchr dif E"élwfdﬁdd@r?t ﬁ%lld ¢ m}GﬂWHW@&@ﬁFQ@GO&H@&@ oriéionencodi ngs
may al so bedus@don Tahbes: Rbs: M'M&%H&BDQQQP@@MQ% and 108.
0100Reserved0101 hockt V\alt %lOLo V\&ltOl%% 100H§eser¥ed1001 Ready

Mbr e 1010Er r'ghg §TPOREest i d td'Fel\iS‘ ontrel RE9FH1ten FIRRSET WY For

al t er nat i veL &ABH@d] iesttsyn i & abidb2n Othynendaatingabh dhe canterad ofhetor mati on may
be used bet\/\gleﬂ larp%etmb%ee{% SE€S (e.g., a host and peripheral device) over a
general purpese t “xed bus in any systemto conmuni cate wait
state, error, or any other information previously described or summari zed
in Table 4.
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When nmenory device 108 is ready to output its data to LPC bus 124, az §e|J =b &
provi di ng the appropriate synchroni zati on control information on LAD 3:0J
.(e.g., 00 he process transitions to state 316 for n c ) T6.

In state gg%?g/i?gglt-lw reads data provi ded by nenory devi C'g%)é;gﬁ%/ﬁsg?

LAD 3: 0J. Menory device 108 may drive data onto LAD 3:0] in byte increnments
over two clock cycles. For one -17 25 FEB 2002 WD 9919971 PCT/ US98/ 13886
enbodi mrent of a two byte transfer, a first byte may be output in the first

two clock cycles, and a second byte may be output in the follow ng two

cl ock cycles. For each byte, data nmay be output by nenory device 108 | ow

ni bble first, high nibble first, or in any other format. Simlarly, each

group of bytes output by nenory devi deble may be output |ow byte first,

high byte first, or in any gbisen formaf. For rongsLeRed meny, multiple byte
reads may be i npl eented—by—cyctrngetrweenr—states—Sit—and{314 such that a
field of synchroni zation corﬂobol i nf or iat i on 1£0ikeadr t ed beét ween bytes. For
an alternative enbqdi nent, gghurst read of M/@mjt@yt es ay be read while
t he process is in gtate—S3it—inthe—afrerrativye—erpoditents nmenory device
10S may drive 1100 {on LAD[3:88 in state 314MempriReade that no nore
synchroni zation control infqygation wil belvferrfj&izf efigd between data bytes.
For yet anot her enfjottments—mnmo—partictirar—synchtontzat+oen—gontrol

i nformation may be |[needed td%ndicate & nult PV Beadurst dlata read. After
all of the data hag been reagiby host 102, thgsRr &8ss tramsitions to turn
around (TAR) st at e [3E8—tr—whtch—eont+roh—of—tAB3+03—+ay—be{returned to host
102 during n clock [cycl es)I¥7.11As in sfate 31Resenvgde 318 fjrmy be two cl ocks
wide. In the first e dRR i i i®J |ines
Wi th predeterm nzildglg%eg%fggwgr%@or rrat_f%%éj@%q H‘%ﬁ%%rﬁ?@‘ﬂﬁdl#ﬁgk?ﬂ?ﬁ cl ock
cycl e, nmenmortedee dds Péé"oﬁﬁ}mt-rLP‘gﬂ&f‘Ef‘"{EAﬂ%ﬁ:Bﬁmeﬁtﬂééﬂd Folerpraiethe

terrbodi ment 3 ,adgr@%y 3?%’%&@ ErREH iBYSinRatidn aﬁe@@rnuféha? tb"l’ﬁl;ﬂ%@\%ht cyclhest t 202
urn aroun :0J. An ar nor e ransacti o 0S

to a rrenoryth%?‘gﬁ"is%ﬁ“?r}? Edé&@tfﬁ%caﬂ)(ﬁ "tﬁi“ TEmEy m‘{]rf)q)ﬁef erence
to Figures J.Ihdobtroligic A8ntinat may teentriBCnteransacdado meraygrpevritepl enent ed,
for exanpl e, s t.0 W = i i t g menory
dovi co 108, A SRS 24450 Fold LEG SHTREILAL Blith o B07Bh Mherdh TG Ui
LPC t r ansactrAesiphertedgyiensedd-mdaewsy andlIBO LP&reoadtal degic0g . mayihen
control 10giigc1402 4 SG8 MAThARCOHISL BhesacY dehQBALRE BERGRER thOgite 10 and
host 102 indicating.that a nmenpr ad -18 25 EEB 2002 ' WO 99/ 1597
PCL' | US08/ 1 SBEESEPLIaT BeestiFOAT I G B2863580R AREHOR BeRerabinEAASRES | FRANEH
on LPC bus 4a, dh@raldassmidtn & andDBGNEFRAMERS indiateCBR4 and host

102 drives nt. control informtio : Lndi cati e start of an

LPC transacti nl.n??—rd?até%ﬁﬁ?‘élfig?h@ Eﬁﬁ?@%ﬁ?%&#%a&%l q#’%dpalﬁe 0000 as

|Cng: gaz egel ;br?'gag!vede‘d toTihes Pirdofoe ositpintery togan208 iooInEC%tbglssIfét e 304 gngl gr[r?/es
y y I i t y

that indicates tgoggﬁep e?g?ltsrﬁ%ﬂ- 6@5%:%@%@%% trggs}a%hls ggﬂi S a nmenory

write transatatersninesshateaambBlememasy opdl/ @ trppsaciion may &etiegHiredntor ol

i nformati on yeyehsrRdd b r&ohﬁ%aic%}ing%itﬁqh@ﬁ_@@o&é‘loﬁ@hﬁo dverlbfe RrOCESS
St 2 drives the addr esglcgf t he nenory
I

then transitions to stafe and

| ocation i n BeIeUERYST @%Q%ﬁ%’@%ﬁ%‘g’fﬁwgﬁﬁ MY ¥ YiQck cycl es)
T2. As previrensloy wiith @auest, arichen adsticened medrés fasiy hasngod, IS8 bus s
supported by m ySt 0, 0f _Fi ver of
ronber of 2R SHPEER BUSRR LRIk bgo el Retod S ARIILSLYEL O
si gni fi cant amdogigmalf inestorylasast/ @ LRI ¢ardealtlogickiiileofbegin a raemony &ty ot her

order expect g Yyeols Vi ic Ies b Moo odbaleRt . the
process hostﬁ?ogygra ayh&gri['gg %‘%?geg ltc?g]?%{l for@?rrgti oer"l?on GLAD( 3:0] during

y. then > OT,
cycle T3. TrHtardeo ddif: ieripgg Q0hant vathwayoshific alke feodesnridress byt es of

menory dat a dafghefoM pdriptitrhlod FREDT04-U6Y hes Hd8eHh@l §d Agtabe t he address
provided in state 308.

-11-
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The process then transitions to state 310 and host 102 wites the

appropriate bytes of data in n clock cycles) T4 to nenory device 108 over

. LAD( 3: 0] . 2 may drive data onto LAD{3:0] in byte |np %E(g;t,gggver t wo

cl ock cyc Qg.% o? exanple, if the transfer is a 16 bit or G

transfer, then a first byte may be output in the first two clock cycl es,

and a second byte may be output in the following two clock cycles. For each

byte, data may be out put by host 102 | ow nibble first, high nibble first,

or in any other format. Simlarly, each group of bytes output by host 102
may be output |ow byte first, H gh byte first, or -19 25 FEB 2002 WO

991 15971 PCT/ US98/,138 in any r for . Host 102 write one or nore

(burst) bytcé)énB?%lﬁt"éﬁErPrgY'é’Pé Ig'i\gbusfﬁ’édg%igkféé%gatcﬁ fisg ai’r?éipcheéﬁs to turn

around ( TARJewdtes © B2 i$ maﬂun Ldtmttn'a@bactiodsl%fbsumelﬁénqyﬁéntm menory device
108 during I r tra itions to,state 314

and host 10 e%gﬁg &\é nﬁéﬁ 5? 5§8vﬁgoﬁq5a (ﬁp‘ﬁ%’iﬂ ce’l1ys e E‘rf‘%f’é%"‘i nband

synchr oni zaambadgoent; gbnirak of theet memany zl.ritD(BOOI].PGUramgcndmmmzqym es) T6.

For one e I 5t ontrol information may be one or
nore cl ocgb%y(;?ﬂ]sg mdg]gé@éé%ﬁmg@Laﬁvjrg%ésc he receipt of the data witten

into menory devi eBCip@riase ¢00 atrpomchifias $BC camsoklpgih?@hthadt i on
control lnfwmlswwveaalaﬁm%t@i@lﬁtmrégéhm Bet%&e%h%slﬂnbnlanfdhe data has

been witten in nd stor e During these wait
st at es, mm%oégﬁﬁvﬁﬁlﬁfg% 1552%}%& fP@aqqntgq é?félcsz;oﬁdﬂ?)bm zation
control i nfiokimtd ostae mmh@nmrtseqmatcerﬁyﬂQéqMc t befivedntHeostatadf or mat i on

on LAD 3:0j ed Ty Zl'gyev ce 1 has witten the
data into t%%%géjége@gg %r@%g a&tsfw%thon r%‘r?g&f &fé\?ir%téné’lﬁ‘ggmiﬁ' drive a
ready st atedan, CADYBLro] lw@matlo®©ﬂ®AD&0wuHRANfﬁfamn¢/loeé.dZLLIPC
transactio 0 i 40 ssage over
LAD( 3: 0] &“?d'%““‘r&eg"f’”%%ét&qo“%yfﬁ R R T e e o
control i nfioferRien PT%\éldéfirQﬂr r‘?é%@éﬂe Mﬁ thR& # DRGNPl e, that the
wite transagdjciLdil rﬁ@*}b@?ﬁbhd‘é@rﬂbe&tf‘rb’mOEPEWs 1228 0bIen08RAAr has
occurred. I—%st 102 may then transition to turn around (TAR) state 318 in
whi ch contr LAD[3 0] nmay be returned to host 102 during n clock
cycles) T7. Fi gDMAGTG camobhiog mmma lfnltez@ﬁceawahaﬁcsstdnagamlmthat may be
i mpl ement e r LP 11 I y and/ or
[/Owite gr}ngﬁmgoag ]ng[()f;? WsAac |tc§§fsl8 vveen %gtr%g%%% ségpfnp% S
104-108. FoePexampiad logise04tmnp cdrragnamam wAtly M Acontyolber ULedvery a state
machi ne or SRAYERTSLe HhndImmEy Rbd QpkBEGEALIOUA 0ohGoRE2aR] Figure 2.

This state diag ram enments nenpry -20 2 WO 99/ 159
PCTNS98/ 138’8‘8Yr‘§5’d-‘ n%r‘%hﬁkfgfe\ﬁrzﬁ? é’%ﬁ%ﬁ%@%&blﬁéﬂ%‘lf“* TABLY ﬁfﬁy read and
wite LPC tIDM]zSEt@hltm&r\MMm peeRefr bﬂﬂtmlbh ‘Ivhﬁlrahdgt 062 exayEplairy tim ng

di agranms of Fi S ./ an n exe rrermr ransaction b
st 105 1 roid DGR ﬁéaf'r%t e R e s 168 QIR RRGEFE. " ™Y
descri bed wmialy croeﬁevwncﬁetv@tﬁlrgmemeﬁ\ 110 vilaqhsstn?d]?ory read LPC
transacti on may t system
start-up inforna on rr%%@%@ﬁoq?y)[ 8&8%31%‘1%&@ §ij€gg%ﬁt98|[-’% ?Cnt erface
118 is in a#Ph Mas controbbremaseer memary read pd wirdad£G tramsagtions, FRAVEX

deasserted 4d Qus rhABéY 1/ F@x@émemtetmamtaﬁsea%ﬁs%ém&ﬁ HRR¢19pen host 102
commences an |LPC ti‘@t‘?ﬁamlon when coné{)& FlI 0g |c 202 éecel ves decoded

signal s froqPETRERRISeVisGs d 31138 RysHBaster T P84 2802Ya nenory
read LPC trarbadd hGhate Sndchine ousgqina@s $6r bé chIFg?A&E#ec(retkg statesw) on LPC
bus 124. Hoﬁéce%% ”E% Réb"?&z{ (L sentl Ex ”%Ho‘%fgcen@ﬁtﬁ%' ng the start
of an LPC ne ea 'on-on E}&B(a& For exanpl e,
the start c@fﬁﬂim@ﬁ, dﬁﬁo@mntmﬂ inbgrnvatiar 0n loh 3&@1@ £, paféated in Table
1. The procees i RER fof AR dikh r@}/f@rf és%@%hserzb d#SRd LPj&ber 606 and host

102 drives device sel ect con Ion_ on ect a
particul ar FEABRIPTHEIOREP Y $%@nﬁeﬁgﬂ§ iédﬂ‘@PQ%sé&?$gh#r§ Cbﬁ

enbodi nent, nenory devices coupled to LPR2-bus 124 may have external
hard-wired or internal register-based identifications. Figure 9 shows one
enbodi nent of hard wiring nenory device identifications. Menory device 900
has an identification of 0000 on inputs 10, 11, 12, and |13, respectively.
Menory device 901 has an identification of 0001 on inputs 10, 11, 12, and
|3, respectively. Menory device 915 has an identification of 111l on inputs
10, 11, 12, and 13, respectively. Any nunber of hard-wired inputs may be
used to identify or select any nunber of nmenory devices using a binary
format or any other format. Each nenory device coupled to LPC bus 124
conpar es t he deV|ce select control |nfornat|on mnth |ts hard wired

o, o N T o 1 N~
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.21 25 FEB 2002 WD 991 15971 PCTNS98/ 13886 transaction is for them |If the

menory transaction is not for them the nenory device nay enter a power

. down st at idle state 602). The process then transigdonssh9ssst ate
608 and h‘g‘s’?s’i%i drives the address of the nenory | ocati onrtl n se{ ected
menory device 108 on LAD(3:0] during n clock cycles T2. The address nmay be
any length of bits supported by a system such as system 100 of Figure 1,
and sent over a nunber of n clock cycles T2. For one enbodi nent, the nenory
address space nay be 256 KBytes requiring 28 bits of nmenory address. For
this enbodinent seven clock cycles of address information are provided by
control logic I|—§C bus 124 to transfer 7 nibbles (28 bi ts)o of address

i nf or mat i onarf kK mop bePrRgifsdytonnirem Lie bupH@dadaiesis 2PRrBANat i on may
be provi decbwelt4. si gni ficant nibble first, least significant nibble first,
or in any other rder ected by nmenor devi 108. ., The process then
transitions to s 28%68%60’%’#5‘31@? MPEs bé‘&éeés BBﬁ’Ear“SFgVﬁ’fsoé)ﬁati on on
LAD[ 3: 0] dunter@amhngPC'cbnd; @24 8itH-bPCane Zigtbollitertativetyhd.IXT reerfacd r ol
informatio r =3 be read from
nmenory dewnzcde(ﬂ?Lil qgoﬁz?%lnae%ﬁeqaﬁé %?%Wdylg@ﬁr% Eecea 606. Table 6
provi des on@irestho éﬂﬁéﬁﬁlvo ually ddithg inpret anarigentpef sigpalssof memariot her

enbodi ment , add1e/ @i1zEC e&mél%glcrmr nghmm@%treﬂi@% g04 hal Wal ze nunber of
read from nenor evice 108 starting at the

bytes of nenory q% %&
address pr o‘i?‘laﬁ@EILl §P’é&r@ ¢ 266 Fgpdh 'érﬁéﬁ‘dl‘ﬁ%h? empAdimephiQ8KEr s may be
aligned to Z08 me Hﬁmmdélreytd?}brhﬁ&lh @Xer Hfuie MY utsfoxt BbZieefield is

| to 0100 LA byt
boundary ariPRh @%ﬂ%ﬁgu%@aﬂégg Hﬁrcaﬁiéiébys& s"é‘ﬁd‘%i}gf%y%‘é 2 duta
begi nni ng f#Mmead Webynderahe goatrohdéihesis102-or anot her enbodi nent, data
transfers may b or exanple, if
size is equa?/ t?lggi%gqg hgﬁﬁ’iﬁd&z%&ﬁwqﬁxmaﬁa?&[ggﬁ&ﬁ S%X| gnhed t(r)ma 16
bit or wor dMMIGHEAS 2AE ATeRBFS O bvamtq@&eghuarusa@cmom send 16 bits of

dat a begi n%@ﬁid‘r?%’ﬁd@’(}%@/@' \Ivn@é o¥esfl BbCaRSthaddheB8tweetithost 182 FEB 2002 -
CVO 99I 15971 98/ 1:1’,&%?% process then tragnsitions_to tgr n around
‘0

(TAR) staté Be’E‘B OLeXappley the ke GiASraTy SriiBHEE 102 to nenory
_device 108 Iﬂaylbaglseddi)omktacymm)nemr seﬁnenpézoafexs\&rrtdi rndri@SLPons to state

616 and in t~nb0 | es evice 108
drives i nbae,é%‘I sync i:tozrglzz%ftl\ﬁ%n contﬁb?%lt(%t?o %ﬁa%n ?TATW%][% descri bed
above with teedpeemarny wtits, d/@adf amd §(Pev8ie LRE tsansebtions. ZEar on cont roI

i nfor mati on,dreY eREHARRENS &%‘Hrﬂl@'stta%tﬁta?}ixggg rhgfde | ¥nt h‘?\ﬂ'ﬁ i on.

t he number of wait states is 8323% e to rt’ the
transact i onTBySasHPBE 2R I hiran lonAsT[B‘teéV?m%}’)fei‘fééﬁFil%’é%F LR6st 102 may

abort the tiramseebhoivilibeageftibeAdyhRAMETdE BF eRétapiry MivEC! ock cycl es and
driving pre&ieterm ng? abora %gr%rol information (e.g.; 1111 as in Table 1)

on LAD(3: 0] RS Pr Vi tBIEFY *@8Scti bed with respect to state 314 of Figure 3,
t he synchroni zatAnrexfenqallnir)oinemyrmhdiLtﬁCblthhﬂmmhymsstZbérom;ed by nmenory

devi ce 108 10os80doak AN AR PLAL, TBE SA9CH A0 thARLEi0da L1eh PC I nt er face

118 of host rov) des one encodi ngs on
LAD[ 3: 0] foIiEfftﬂQéC%%Eh}LBﬁ?’ @aatrn Ebrﬁtmmdrmr@ﬁdﬁ{ﬁ(bHm@%@m%@@)’above Ct her

encodi ngs MY irfth EndftedSRA -example, by host 102 to read system start-up
information from memory device 108. At state 302, LPC interface 118
is in an idle state not performing an LPC transaction when LFRAME#
deasserted (e.g., high). The process transitions to state 304 when host
102 commences an LPC transaction (e.g., when control logic 202
receives decoded signals from LPC decode logic 210 and host 102

indicating that a memory read LPC transaction is to occur) by asserting
-13-
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For alternative enbodi nents, the inband synchronization control information
may be used between any two devices (e.g., a host and peripheral device)
over a g urpose tinme-nultiplexed bus in any systemy i cate
wai t staﬁg?&ﬁﬁgﬁr or any other information previously des%ﬁﬂ%@?ﬂ%ﬁé
summari zed in Table 4. VWen nenory device 108 is ready to output its data
to LPC bus 124, after providing the appropriate synchroni zation control
information on LAD[3:0] (e.g., 0000), the process transitions to state 618
for n clock cycles) T6. In state 618, host 102 reads data provided by
menory device 108 onto LAD[ 3:0]. Menory device 108 may drive data onto
LAD[3:0] in byte increnents over two clock cycles. For each byte, data may

be output BYRéeYBHegevord oroBPCwsnizdbiBosti 102tmaynidgivenstasi eontialst , or in
any ot her tr%mtanoﬁlﬂﬁt@t%m%a&mgﬂ%ptpt thﬁs%étteﬂt&vtAtty[sﬂ@ 25 FEB
2002 WO 99/1971 P 598 86 rre%dew ce 8 may be output |ow byte
first, higA pBecHs S §XImPIG FfthS’r"t*r'é& 1@ fgpatation BipYHest 102 For
one embodi U&@UonTUAID[E!@dJ eashyﬁﬁ(ﬁtalt@ﬁdﬁ’[‘m 1be inplenmented by cycling between

tat 618 d 6 at trol f t
;Ssal ﬁ:ertedaget &%‘grés%ﬁﬁstheﬁ rrm%tsh“%“st Eor?é%/‘?ng@g 2k élﬂ hgﬁ%cog %Sr slt r]r g;gao:‘ o
nul tiple byyds typy abd dieadioshcdrardlasiorhtdtidrson L ADER:@] 6dnglagclche .
alternativg Imﬂﬁed ”L?E'ttmgﬁﬁﬁréﬁr&‘?t‘ﬂncceorttﬁ H?c)/rn%tﬁé’r?xrtltﬂtggte?rt LAD(3: 0] in

state 616to roni zati1on contro |nforrrat|on will
be transf epeeghsetineBar1d8tthatiiedsl’C I*t?rnsyéttlmaﬂﬁ)@ megmenbefidrent, no

parti cul ar tsyBshic)i Eat b@ﬂnew&ﬁ@lcvtleftyga@ahaocnré@tbnb@oﬂte&tded to indicate a
mul tiple or urst data re L?@ﬁl % a_gt@s been read by host
102, the prYCEREtPRARAY e 31 e8im lcetre RN 52848 &- 620 i n which
control of LAD[ 3he]p Hmyssbtélehetfrms‘\tédniﬂ)kt@ﬁd308)2ndilllfdsﬂg01’ld®lm|(héycles) T7.

As t at t t I k I

nen{)Pysdiv.ggét%aﬁ & S meros e Do rRAEd It hOfy BB control '

ItII:]f ogtrrgt Lohﬁ@[Bg) dl&rmg)\ cloak ¢yt¢éess?2:o"ﬁhte edidudss ayayt e arry,-rhmgthd:éw c§k1280|nr2y
| b

or greater t an pPLréeHch?i g&g §J}‘?1 as%[}ig%g‘ggtﬁt Ft ft@ %ﬂgggéefrpl arg

menory w i Byrpber phRsdets é}ﬁd@g/Tﬁoﬁorm empbadirpersy ftat&atlptyn in nenmory

, devi ce 108adiitdsskeacentdy hed OByiés FeRuifpGe bil Jfirgerhesy 8dards8Fothi s nenory

Syst m stal P BTG ﬁfﬂtﬁ%‘?fﬁf%ﬂﬁ S By 48 602, host 102 15

in an idl eps¢atedrint cgperdldogicrtg [ bE’€124 ansaosfieod. mEFhkes @bb'&ssofcormences

LPC . |
rom Lpe aaaattesMRrddndion AR HECMIADL o da ‘% AR it
transacti omfpgﬁta@Otic@@b’)baméWlﬁ&tmqulafsléléatltsnl_ Ii@tlfJEW dgast PC bus 124. The
process t h?%nﬁﬁ@éﬁt'ﬁlbg@sfuts@ ogtil"f\ré Lﬁ&ﬁtte? ooQér %c%%%ﬁ@m@twes start

control mat 1 gn on Ing clock cycle The start control
|nforrrat|or‘iiei’t$8|](9§tes t he start of a menory wite LPC -24 25 FEB 2002 WO

991 15971 PCT/ US$8f k3886ernhatine aghbsdimdra) hextargd gayhestioddl® deiwedri ve start
control informati on 'O%“lljto on ?@éﬁﬂ as_ 1 ndi a(’g_e |tnC T bI 1 The
process t h8RSPH REHT TP HRY Jlyring peEPyeqYetSYste YU i dentify or
sel ect a p@nmmbadmmmnrttgxedmﬂmtfcdrmtfdmenammummydmtetsethﬂmhet obn. The
process the t addr ess of

t he nenory pocaﬁgh}cﬁg}% Qt‘?ﬁog rﬁ%ﬁg&ﬂﬁl cég T%Ql%eqbﬁﬁgéﬁg%tdurl ng n

cl ock cyci ékg agddresaprovidacoinsstpta 38 ¢ l@la3pﬁé~é@ﬁd@@%§mw1@énhﬁ§/ | engt h of
bits supporhesdRy, teshihsen éﬁte@%n%@bﬁ”@ L0bofulseguéstit, and sent over of

nunmber of n cl ycl e ddress,.information rovi ded nost
signifi canttrarﬂsged'r%‘fp iAEQ ﬁﬁFf‘F%ddﬁgs R Féamerg{dﬁﬁerrg?tt any ot her

order expedisd siynafdmesymalevisoebelkd. The process then transitions to state
610 and host 102 drives size control information on LAD(3: G during clock
cycle T3. The process then transitions to state 612 and host 102 wites the
appropriate bytes of data in n clock cycles) T4 to nenory device 108 over
LAD[ 3: 0] . Host 102 may drive data onto 1A 3:0J in byte increnents over two
clock cycles. For exanple, if the transfer is a 16 bit or two byte
transfer, then a first byte may be output in the first two clock cycles,
and a second byte may be output in the follow ng two clock cycles. For each
byte, data may be out put by host 102 | ow nibble first, high nibble first,
or in any other format. Simlarly, each group of bytes output by host 102
may be output |ow byte first, high byte first, or in any other fornmat. Host
102 may wite one or nore (burst) bytes of data in state 612. The process
then transitions to turn around (TAR) state 614 to turn control of LPC bus
124 over to nenory device 108 during n cl ock cycl es) TS The process then

e e v .. ~ A~ o 1. . A NSy
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-25 25 FEB 2002 ' WO 99/ 15971 PCT/ US98/ 13886 synchroni zati on cont%gl FE3 202
information may al so be used to add wait states until the data has been
. witten | 1@5‘7‘1 stored by nenory device 108. As with a r’rp@:{%ggsrggg LPC
transactlon nenory device 108 may al so send an inband error nessage over
LAD[ 3:0] (e.g., 1010) to host 102 using the synchronization field of
control information. The error nessage may indicate, for exanple, that the
wite transaction did not occur correctly or that sone other error has
occurred. One enbodi ment of the synchronization -control information
encodings is shown in Table 4. Host 102 nmay then transition to turn around
(TAR) state 618 in which control of LAD(3:0] may be returned to host 102
during n clock cycles) T7. Figure 1{Rbd&éws menory device 1000 that is one
enmbodi ment of mempry deviipg[i@g. Menoly deV| cq;l,l_QOO |ncI ufles menory 1010
that may be any typeof—menorydevicernctuding—votat+te—and non-vol atile
menory devi ces su¢h_as SRAMC DRAM EPROM EBHPRAUPYIM anfl the |ike. Menory
1000 includes the|control aqjcuitry a"ld MeIEiYs @Wts ngecessary for
i npl ementi ng any yotatiteor-monvotatttemenory—dévrce—Fpr one enbodi nent,
menory 1000 is a monvolatil®¥ (e.g.. flash) nees®ryedevice having a control
engi ne coupl ed tojand cont rpll | ng t he proggf;a(;r{g(qq,)értéﬁadl ng, and erasing of
an array of flash™-remory—cetts—Menory—device—166 ncl udes one
enbodi nent of Lﬁ@flaﬁ‘toéli“?la%@b%@“ﬁ%\'\nth@SIZ’eGqf’etf@lhéé‘Ol.’Lfoegonc@ﬁYrol | ogi ¢

1004, statL g\CdIEa@t'él t{f\@tiﬁm@%@m@lzm t¥s 69%&9% I@zgh%é%g&r%e reRA st :jogl c 1004
recei ves i npu an provi de an

i ndi cati on”l‘ﬂ‘m?'ﬁ’ 8‘“§g3ﬁg|5? gf‘& a&éh? %5"??@’68]"53 gt 1012 to state
machi ne or sequé‘hequot@@&heﬁdrarmm@omhndxrmmfounw(CDA.IAIstlaes3111)®<2 recei ve and

out put _addrgascohptePlpcand Hatdd il ghTRS 962 ko AmADH, beykaGed 01 17O

| at ches 10 ass the ad ress, matl on received from
LAD{ 3: 0] t 8usingt® claskriysie(@006 Bwrdon%mbogsnmssmo@lws b9p Therks

PCT/ US98/ 13886, MRARE YiriQilbdloty hé)Hbé?t 108QRay daieusa bPd:6} 1iheOwi@t ches 1002 may
concatenate the various ni bI of .data rﬁ}e \Y; %ffromL E[fgchj Wth the

address, dRI¢etaHAINESHEPHFOl iR Q)"l“??éfc?rb therReseR and |ines}
1012, state 'crtacllmmaomﬁﬁy eﬂmertelmwtﬁeomﬁ@sl mtke:rsé dites ofayrhave weddvi ce 1000

,such that nenor Vi 0 comunicate with host, 1 er LPC bus
Toa or rayCLORL AT Pisf eGS0 TRAL R indl 5000950 AGEBHE" meter Lpc
transactl 0 lg@@t@mfmn mbnt eufbosiimentspmohandelosclotls c;ﬁe\m in Figure 3.
Anot her eggpéja'téﬁemanotfwéE@Eﬁngﬂgg'té‘ﬁ;rﬁoﬂ@ﬁhﬁ I§K‘9Y‘§'O]'On Figure 6. State

machi ne 1 contro ? 8 .to provide the
necessary contrahg F&@é?%%a}’éh@‘é@t“é”l%‘f@r#ﬁ it ?’é)dr’rﬁr’rﬁ}f% 0. Menory

cggt rol | oqmlxdeﬁ&&\ l@mr@tﬁe@ "I(t)ﬂm'hﬁlgqgérf@fy d@wa:terl@ls csxilx@ésaxh?atlagzlzl PeS) 1018,
address signals on lin and.dat a i nes or memory
1010 to pe?Y%?}}ﬁo\%ﬁatt@“ofgqté‘gdl"tf?%%té%‘? PSngA%?ﬁQTcgnﬁ’ler ol signals on lines)
1018 may i sgheldenaddioescoratoldhésn{atich maRAR asell tondGASit stétep enabl e or

chip sel ec ersignal s,
reset si gnijéllf1§I1 %‘eaLn nQ&azgdataci:E %PJ ‘%S@FP B}} g1e(izl\qﬁmlré/n stg%]g%nacﬁl ne 1006
det er ni nestlmhat\alanmmryow dmcesr ahdsféqrmgwspeﬁdtsmromms tigrestreayrachi ne 1006

may indi cabg Bupldd RPfe QaQH@LP@%sadééﬁ@é\tldﬁa@l?”Btde@%dtéd RbRESNt On bus
1014 for mmr¥8cont r%l | o cliogqt;[cg provi de over nes) to nmenory 1010
[

al ong wi t hS¥E3t 8pra dedicaishy liggaras ysed th ‘CYBI‘SherS B¥:Ydént Iy, state
machi ne 10@&admie. gDI@C&HHDVIlﬂtIhd: I&fs)oumﬂ:& bhen nheordedsg mefarpation is

preset on us 1 ont e I OV I es) 1022 to
menmory 101 Olézévﬁn? h uggproﬁlﬂc qr‘&?kj)%lg smggﬁl"%lgs atéi%

Simlarly, »vv/ﬁecvutsrteaqmrmg(the mee mﬁee adbt@omlntsdxcaiad }anrmrﬂ)glyalrlemt
Lransaction i's i QfiEmpSkifhenlBADI GachRIA Il IOt CAliRfHfatdMes) 1016

when address_information is_present control logic to’
provi de ovérld ifaedyorpbeses o Thgniviey Pi‘@&@dé‘l"éﬁé”% %C}i‘t&gg‘”g%‘l"i‘%ﬂ%“ control
signals on lines) 1018. Subsequently, state machine 1006 rmay indicate via
lines) 1016 when the requested data -15-
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-27 25 FEB 2002 WO 99/ 15971 PCT/ US98/ 13886 shoul d be out put rrermr} ‘::)LOI 0
via lines) 1026 to I/O | atches 1002 and LAD(3: QJ. Menory control | ogic 1008
may issue one _or nore I/O control signals on lines) 1024 t he
bi - di recti NP dtate of 1/0 latches 1002. For exanpl e, netﬁgF%g%’?ﬁ% | ogi c
100S may assert an output enable signal over |ine 1024 when data is read
fromnmenory 1010. In the foregoing specification, the invention has been
described with reference to specific exenpl ary~enbodi ments thereof. It
will, however, be evident that various nodifications and changes may be
made thereof w thout departing fromthe broader spirit and scope of the
I nvention as set forth in the appended clains. The specification and
drawi ngs aes,LAlREsPiergyl 9101ter B0} eddlechedessingthe tequestedtdate. Meher than a

1A syst ens e rived BadiRd O Ao b T ReL ”Qi‘ﬂcéiféfiﬁﬁﬁi pose
signal Iin tttggéiéfﬂ’s TeR f%EFPPHP‘&X‘@&&HgPéég? (@184 é@o%ﬂﬂ Lagrigii]-
i nformati ofosa 10RMARY releMitee te@¥phetkon@zdthtn bostranehfotakiog sx$t em start -up

ntormaon 3008 Dgel o4l s 5 LR BN, aud vl 0B Lt cont o

transact i oknbw thitche @apaoutmdt bhenesystyedesicarlOs up thakabsequam i s

communi cat ef, P&l WRe) 1'% il 82 4n@ R REUIRIA"DY A5 188! For one
embodiment, the first control information has an encoding (e.g. 0110
on LAD[3:0]) that indicates that memory device 108 may drive a
relatively large number of wait states onto LAD[3:0] (e.g.,
approximately 20+ wait states). The first control information may also
have an encoding (e.g., 0101 on LAD([3:0]) that indicates that memory
device 108 may drive a relatively small number of wait states onto
LAD(3:0] (e.g., approximately 1-20 wait states). For one example (see
Table 4 below), memory device 108 may drive synchronization data of
0101 on LAD(3:0], respectively, for approximately 1-20 clock cycles and
then drive one cycle of 0000 on LAD[3:0], respectively, to indicate that
the requested data is ready and will be output on the following clock
cycle. ‘ »

If the number of wait states is large, host 120 may decide to abort
the transaction by entering state 320. As previously described, host 102
may abort the transaction by asserting LFRAME# for one or more clock
cycles and driving predetermined abort control information (e.g., 1111
as in Table 1) on LAD]3:0].
The synchronization field of control information may also be

used by memory device 108 to send an inband an error message on
LAD[3:0] to LPC interface 118 of host 102. The error message may be
sent at any time during the synchronization sequence. For example, it
may be sent as the second control information in the embodiment
having first and second synchronizatidn control information. The
error message may indicate, for example, that the data requested is

corrupted is some way, the peripheral device did not understand the
-16-
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wherein the nenory device provides second control information to the5host 2
via the bus to synchroni ze operation of the nenory device with the host. 2.
The systgiyffisghai m 1, wherein the bus further conprises pgrigskaBggdent
control signal line for carrying a control signal that indicates a

begi nning of the nenory transaction. 3. The systemof claim2, wherein the
control signal on the independent control signal line indicates aborting

the nenory transaction. 4. The systemof claim1l, wherein the bus includes
an i ndependent clock signal line for carrying a clock signal, and wherein
the nenory devi ce synchronously communi cates the system start-up

information with the host with respect to the clock signal. 5,.The system

of claim 1,re%e£|t'eqr}1’rl‘1‘?zldh’i?§f‘e§\;r WF@@?%' 4 t&f‘aﬁf‘ FSﬂu?sﬁﬁﬁg#ﬁcf‘o‘ﬁh{ls t he menory
devi ce vi ativhpetiphetad deviiecitia @poemprdovendneds ot s ithenodmrmodevi ce. 6.

The system LAl i h L f.es t.h f | nf or mati on

o the momsty BeniCl e HeEHE & AIF O BRI I RS T BBRlnt 1 LT

t r ansf er r e@Nj GiTYhBEAAZSriy SERAAYAOE DMemMQy reagdrRERchoo? tIREPRIAGEVENT SHEET

7. The systgq olit grh@idq@rgﬁam%ei n the nenory device provides the second
contr ol j

i nform o the bus untjl data is ready to be tput to the bus
by the nenory déﬂ?ggee‘& PEOViflge %‘ﬁsﬁ@h@@ﬂ"d}%frﬁ“@gw&?r% E‘ﬁlﬁéz(ﬁegé’énd cont rol
i nf or mat i onhe eREhdaszaAdN Eohtesl inddrmAhtion dstdbed Abbhe. M@ty transaction.

9. The systemé)iﬁngglrgéymafsb bv(\?huesre%l.n t he host conprises a processor.

enco
Table 4
LAD[3:0] ' Indication

0000 Ready

0001 - 0100 Reserved
0101 Short Wait
0110 Long Wait

0111 - 1000 Reserved
1001 DMA Ready More
1010 Error
1011 Reserved
1100 Ready No More Sync

1101 - 1111 Reserved

For alternative embodiments, the inband synchronization
control information may be used between any two devices (e.g., a host
and peripheral device) over a general purpose time-multiplexed bus in
any system to communicate wait state, error, or any other information
previously described or summarized in Table 4.

When memory device 108 is ready to output its data to LPC bus
124, after providing the appropriate synchronization control
information on LAD[3:0] (e.g., 0000), the process transitions to state 316
for n clock cycle(s) T6. In state 316, host-102 reads data provided by
memory device 108 onto LAD[3:0]. Memory device 108 may drive data
onto LAD[3:0] in byte increments over two clock cycles. For one

-17-
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10. The systemof claim 1, wherein the host conprises a chip set. 11. Th
systemof claiml1l, wherein the plurality of general purpose signal |ines

. conpri sesyhQyfsegener al purpose signal lines. 12. The syst epa-9issghassn 1,
wherein the system conprises a communication system 13. A system

conprising: a bus conmprising a plurality of general purpose signal lines to
carry tinme-nultipl exed address, data, and control information; a nenory
devi ce coupled to the bus and storing systemstart-up information; and a
host coupled to the bus and witing first control information to the nenory
device via the bus to indicate a menory transaction in whi ch a part of the

t tart f bet h t .and th
devi ce. - wner PR AR WGP te SREBRE B WRF B et ¥ e rmerory
devi ce via fitse tivosclock cyrde;;ahel zasmmdrl_;ytadﬂa bs OIuItlplhthﬁn mrmﬁlpv.dngl ce, and
wherei n thetwh&éltoc CyLRs "rgg% 9@?88 'ta{m‘ LA *byeng Ty elice devi ce via

the bus to i ndi he nenory
transacti on108a]t@dv wﬁéblélfrfst, Hégh@sbblwrfmsb@rrlourrt)hOth&ntfouhat nbondatlyon to the

menor y deV'@a%hg{%r%u hﬁt?;ésbg GRIMES d&ficd ies t9é’6{1 & lbipe menory
device. -30 2 RE LA VENT SHEET 14. A system orrpr|5| ng: a

menory devi REedirst $¢ ErstsPRIT app otheoiormaton: a bus conprising a
plurality of genBcBraanUhmtS:Bnﬁ:hﬁﬁﬁiulhpmeb teCregds hyayt b@fﬂrrt’pllaﬁieﬂhﬁi(ed

dd trol f furth

an 1 ndependenty S0 For Rgafes P Renr ot iR g é@?ow“?m “Si gnal that o

i ndi cat es asythr@xmnmnonmbmn‘odrmfd“rmzrtmmrsymdented@etwadn dytest Feoapl ed to the
bus and V‘”'&l'té%ﬂa&bé%?n!%%ﬂ&(e t, A%‘P&%h%ﬁ hillt a:h§’ bgfégo{r]\%yq?e"t GQ via the bus

to indicate ransac system start-up
i nfor mat i onwlhslcdbﬁrﬁmt%fétlédnlféqfﬂé’éﬁ tllﬁethlﬁoﬁterahﬂw rRebeshavept.devi ce.

memory device 108 may drive 1100 on LAD[3:0] in state 314 to indicate
that no more synchronization control information will be transferred
between data bytes. For yet another embodiment, no particular
synchronization control information may be needed to indicate a
multiple or burst data read.

After all of the data has been read by host 102, the process
transitions to turn around (TAR) state 318 in which control of LAD(3:0]
may be returned to host 102 during n clock cycle(s) T7. As in state 312,
state 318 may be two clocks wide. In the first clock cycle memory
device 108 may drive LAD[3:0] lines with predetermined control
information (e.g., 1111). In the second clock cycle, memory device 108
may tri-state LAD{3:0] lines. For other embodiments, n may be one
clock cycle or greater than two clock cycles to turn around LAD[3:0].

An exemplary memory write LPC transaction by host 102 to a
memory location in memory device 108 will be described with
reference to Figures 3 and 5. This memory write LPC transaction may
be implemented, for example, by host 102 to write system start-up
information to memory device 108. At state 302, host 102 is in an idle
state not performing an LPC transaction. The process commences an
LPC transaction (e.g., when control logic 202 receives decoded signals

from LPC decode logic 210 and host 102 indicating that a memory read
-18-
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15. A method of performing a nenory transaction between a host and a r?n-r%/“”
devi ce across a bus conprising a plurality of general purpose signal |ines

.and a sep?ﬁgz?slﬂrg}gntrol i ne, wherein the nmenory device storg@,ﬁ%ﬁﬁ;&

start-up ?on, the nethod conprising the steps of: a I'ng a
control signal on the control line to indicate the start of the nenory
transaction; witing first control information fromthe host to the nenory
device on the plurality of general purpose signal lines to indicate that
the nenory transaction conprises the host witing a unit of data to the
menory device; witing second control information fromthe host to the

menory device_on the plurality of general purpose signal |lines to indicate
an address i RPEh@angmsiop igd9ioseun) ovhen bast @ﬁsptts&ﬁm#\/@n LPee witten;

witing thirgdusopar %eiﬁkBQéﬁ&hbﬁ'%rJr{sﬁﬁBﬁsht% 9atsti@ J0aaERBEtI0devi ce on the
plurality of .eneralr_bgg{rlggﬁe signal lines to indicate a nunber of bytes in

the unit of HEVESSH germagon g LARY3iH dndicatingrthg£tart 06 athe menory
devi ce via t heCgeaasaitiopur Pasexashgleathd staescorites INinfigrragtid Qﬁaé_?_f)et he bus
ki

h . devi L. 2 2002 S i di
ouer o e RIPL IR B e 1 B L ot ] 1

ndi cate a
| engt h of ti apdsbiwsecitche typenand dieetior contro! tnfonmadionranl LADBHY bus over

to the host: daBeldyc 9 EoNhRlae to;g&ti}gﬂé@ggggfé-%@ &g chospc 16. The

met hod of claim urther conprrsi .
transaction is a memory write transaction. For example, the cycle type

and direction control information may be 011 on LAD(3:1} as indicated
in Table 2.

The process then transitions_to state 308 and host 102 drives the
address of the memory location in selected memory device 108 on
LAD(3:0] during n clock cycle(s) T2. As previously indicated, the
address may be any length of bits supported by a system such as system
100 of Figure 1, and sent over of number of n clock cycles T2. The
address information may be provided most significant nibble first, least
significant nibble first, or in any other order expected by memory
device 108.

For an alternative embodiment, the process host 102 may then
drive size control information on LAD(3:0] during cycle T3. The size
control information may indicate the number of bytes of memory data
to be written to memory device 108 starting at the address provided in
state 308.

The process then transitions to state 310 and host 102 writes the
appropriate bytes of data in n clock cycle(s) T4 to memory device 108
over LAD[3:0]. Host 102 may drive data onto LAD[3:0] in byte
increments over two clock cycles. For example, if the transfer is a 16 bit
or two byte transfer, then a first byte may be output in the first two
clock cycles, and a second byte may be output in the following two
clock cycles. For each byte, data may be output by host 102 low nibble
first, high nibble first, or in any other format. Similarly, each group of

bytes output by host 102 may be output low byte first, high byte first, or
-19-
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witing device selection control information fromthe host to the pIZJﬁaI'i"t"’y‘i‘“2

of general purpose signal lines; and the nenory device witing the unit of

.data to apEgR[H,{ Ocation in t he menory device if the devi GRTa®JogGidsen
control intofrmation matches an identification of the menory device. 17. A

met hod of performng a nenory transaction between a host and a nmenory

devi ce across a bus conprising a plurality of general purpose signal |ines
and a separate control |ine, wherein the nenory device stores system
start-up information, the nmethod conprising the steps of asserting a

control signal on the control line to indicate the start of the nenory

transaction; witing first control information fromthe host to the nenory
devi ce on t h& FNUPHIarPrapt gElest 4P2 mapusie ongralmprendsirstd bywes @bt e that

the nenory tdansagtateioonpri ses the host witing a unit of data to the
menory devi ce; wr.i.tln secoRd control information f[r t he hg t to the

menory device on { e PAPERSaItNEY tmsgns tol tysnrasgyadd; %I Stipfee 1 i ndicate

an address |mrhrmmmwwm%useznwwhlt@Imérherwdetzmefmﬂahmrvg hiclbek written;

witing thir forrratl n from.t t the deyj ce onthe
o a2y Tof YRR 18! T SRR Fn AR gl i RIS WEMLES o0 1
the unit of mateck oydies whaleshemosy: demicea 10fydrives umbztnd)symdtranmttdﬂe menory
device via t{%t&ﬁn%rf@#m%rpegewtggyaj dhhﬂgscloaﬁge{\@(hﬁag Foplreh cont rol

i nformation m t he nmenor e plurality of general
pur pose si gr@inbpAxegnt gh ?rﬁd’ﬂéﬁf@laﬁ“@ﬂ COPtToh "t”’ﬁ’é%‘@é‘r?‘%’r%%@é)@t‘?fon -32
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conprising t hrxt?en m%o mémory device 108 (e.g., 0000 on LAD([3:0]). The
synchronization control information may also be used to add wait
states until the data has been written 1nto and stored by memory
device 108. During these wait states, memory device 108 may drive
short wait state synchronization control information or long wait state
synchronization control information on LAD[3:0] as indicated in Table
4. When memory device 108 has written the data into the addressed
memory location, memory device 108 may drive a ready state on
LADI3:0] (e.g., 0000).

As with a memory read LPC transaction, memory device 108
may also send an inband error message over LAD{3:0] (e.g., 1010) to
host 102 using the synchronization field of control information. The
error message may indicate, for example, that the write transaction did
not occur correctly or that some other error has occurred.

Host 102 may then transition to turn around (TAR) state 318 in
which control of LAD[3:0] may be returned to host 102 during n clock
cycle(s) T7.

Figure 6 is another embodiment of a state diagram that may be
implemented one or more of LPC interfaces 112-118 to perform
memory and/or I/O write or read LPC transactions between host 102
and peripherals 104-108. For examplé,. the state diagram of Figure 6
may be used by a state machine or sequencer of memory and [/O LPC

control logic 202 of Figure 2. This state diagram implements memory
-20-
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writing device selection control information fromthe host to the plztﬁa'l‘r‘t’y“'
of general purpose signal lines; and the nenory device witing the unit of
.data to a, g@{sgﬂl ocation in the menory device if the devi ?@aﬁ%b@%k@n

control intofmation matches an identification of the nmenory device. 19. A

met hod of performng a nenory transaction between a host and a nmenory

devi ce across a bus conprising a plurality of general purpose signal |ines
that carry tinme-multiplexed address, data, and control signals and a
separate control line, wherein-the nmenory device stores systemstart-up

I nformation, the method conprising the steps of: asserting a control signal
on the control ,line to indi c_atﬁgghe start of _the nmenory transacti on;

|
writing fir<8a¢ARETBEMORY SV TR RRSACHARS-hd &€ MOMORE IRRHBRY WE ce on the
plurality ofLR{®faansictiunspoiibbsidesélibdd Weth the diddiot akem tﬁl'ﬂ%\grem)r y

transaction gconmprises.the host .,reading a unit of data fromthe nenory
device; wi tqcl?%gggésc%tﬁ%‘g(%?ﬁ?apdigﬁfornation fromthe host to the nenory

devi ce on the pl Wrrakkemptdfrygeasoay rpag p&Setranspralon hynkestt 2i frdircat e an

address in devi_c J: N i |.):.ibe read;
witing thir @rggﬁ}{”?%%ét@ﬁf%\rﬁnxgﬁog? r_cl)gn %@g%ﬁggr&i gé td%gérr?r%é%w;}dgevi ce on the
plurality ofrelgeergeato Figrprise aadghalhisimemory readiLESt Wansastigpenapf bytes in

the unit of WahplbMebeed, 486 exdMpl rbgw&retm@lto%aa BestBwSstaMep t 0 the menory
devi ce; \NI‘I'[,I{log fourth control fnfao evjce to the

host on t he 'BICGFRHON/ TBM GERReH d%\ﬂfzeggééo%tgggt?éogggggﬁigqfaqehklQJni t of
data is readyir anldle stace fioopeifbemimgran LIE viat@actasidwiadL RRAME# uni t  of
data 1 oM LGN (V8 Ve DSBS LB OSSR Bl S5 20 T
i ndi cati on df2a@nmenentesian LRE trensacyion reugsaghemuontr8Blogic 202

receives decoded signals from LPC decode logic 210 and host 102

indicating that a memory read LPC transaction is to occur) by asserting

LFRAME# (e.g., low) on LPC bus 124. Host 102 may drive start control

information indicating the start of an LPC memory read transaction on

LAD(3:0] during cycle T0. For example, the start control information

may be 1101 on LAD[3:0] as indicated in Table 1.

The process then transitions to device select (IDSEL) state 606

and host 102 drives device select control information on LAD[3:0] to

select a particular memory device for the memory read transaction.

For one embodiment, memory devices coupled to LPC bus 124 may

have external hard-wired or internal register-based identifications.

Figure 9 shows one embodiment of hard wiring memory device

identifications. Memory device 900 has an identification of 0000 on

inputs 10, I1, I2, and I3, respectively. Memory device 901 has an

identification of 0001 on inputs 10, I1, 12, and I3, respectively. Memory

device 915 has an identification of 1111 on inputs 10, I1, 12, and 13,

respectively. Any number of hard-wired inputs may be used to

identify or select any number of memory devices using a binary format

or any other format. Each memory device coupled to LPC bus 124

compares the device select control information with its hard-wired

identification to determine if the LPC memory read (or write)
-21-
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25 FEB 2002 REPLACEMENT SHEET 21. The nethod of claim 19, further
conprising the steps of: witing device selection control information from

. the host flurality of general purpose signal |ines; SoekHg the
unit of deOOBJT)r omthe nmenory device if the device selection contro'ﬁ

informati on matches an identification of the nenory device. 22. A system
conprising: a bus having a plurality of general purpose signal lines to
carry tinme-multiplexed address, data, and control information; a peripheral
device coupled to the bus; and a host coupled to the bus, wherein the

peri pher al device communi cates wait state information over the bus to the
host devi ce. The, syst em of aim 22, wherein the perlpheral devi ce
communi cat ed? aé‘ﬁa%tt“?rbl‘s @ HC e mgmdsydransacien iy ot for them, the

~_. A3. Al . AYméBoAkdAticAmay ént‘ér aﬁpg\AeAdAWrH'ﬂat%r Nnidhe state 602).
r A A3l.A[. A3. A3 A30. A

$O[ 4KYV_zupj e’ [ V] CSIREf S;fﬁ@egﬁj"%“séfggﬁ t5talq é@%f\g st 402 drives the
alUl caUl ca]ca da(}s’(sa:} ct’}m]mairm}'dOa]tuH] crai;eiéta}:dahem@]rpaié]vaee] ]:Q&pn<a] ca]ca
, AFS3 @ #/ K I

a] caj ca] cal c:ﬁwg‘]@ [{ Lcd&i{l éf& al ca] ’gﬂé«fﬂiﬁf fﬂj? %%’ }f?]zlc%gg%g
67777, : K: bits supported by a system su as system 100 of Figure 1, an sent over

S=z=f =t ===Damlﬁaséﬂakhaélm E?&l@é‘h@a]m]cﬁﬁl émabealhav, ¢ré finéﬂ’x% ca] ca] ca] cal c

Lol oal ealgal g Ahsel sahsel satkeslatsahey selishealaab s ARl KAk

RRR+R RSUUMEKZTE@ZhﬂB$bubﬁhLwewhcé%&}V&ch%qﬁkmaheaiﬁﬁbnnahoakca]ca]ca]ca]ca

Lol oed oot o3k oy hatl palaM aBRRALIHC BLETE 5 Haeke A iBbal g bag) s = 80SPre
address mformatlon from host 102 to memory device 108. The address

information may be provided most significant nibble first, least
significant nibble first, or in any other order expected by memory
device 108.

The process then transitions to state 610 and host 102 drives size
control information on LAD(3:0] during clock cycle T3. For one
embodiment, the size control information indicates the number of
bytes of memory data to be read from memory device 108 starting at
the address provided in state 606. Table 6 provides one embodiment of
encoding the number of bytes. For another embodiment, the size
control information may indicate that 2512¢ number of bytes of

‘ memory data are to be read from memory device 108 starting at the
address provided in state 608.

For one embodiment, data transfers may be aligned to 25ize
boundary by host 102. For example, if the size field is equal to 0100 on
LAD[3:0], then the operation is aligned to a 16 byte boundary and
memory device 108 should accept or send 16 bytes of data beginning
from a 16 byte aligned address. For another embodiment, data
transfers may be aligned to a size boundary as in Table 3. For example,
if size is equal to 0010 on LAD{3:0], then the operation is aligned to a 16
bit or word boundary and memory device 108 should accept or send 16

bits of data beginning from a 16 bit or word aligned address.
22-
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described, host 102 may abort the transaction by asserting LFRAME#
for one or more clock cycles and driving predetermined abort control
information (e.g., 1111 as in Table 1) on LAD{3:0].
As previously described with respect to state 314 of Figure 3, the
synchronization field of control information may also be used by
memory device 108 to send an inband an error message on LAD[3:0] to
LPC interface 118 of host 102. Table 4 above provides one embodiment
of encodings on LAD[3:0] for the synchronization control information
described above. Other encodings may also be used.
For alternative embodiments, the inband synchronization
control information may be used between any two devices (e.g., a host
and peripheral device) over a general purpose time-multiplexed bus in
any system to communicate wait state, error, or any other information
previously described or summarized in Table 4.
When memory device 108 is ready to output its data to LPC bus
124, after providing the appropriate synchronization control
information on LAD[3:0] (e.g., 0000), the process transitions to state 618
for n clock cycle(s) T6. In state 618, host 102 reads data provided by
memory device 108 onto LAD[3:0]. Memory device 108 may drive data
onto LAD[3:0] in byte increments over two clock cycles. For each byte,
data may be output by memory device 108 low nibble first, high nibble
first, or in any other format. Similarly, each group of bytes output by
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memory device 108 may be output low byte first, high byte first, or in
any other format expected by host 102.

For one embodiment, multiple byte reads may be implemented
by cycling between states 618 and 616 such that a field of
synchronization control information is inserted between bytes. For an
alternative embodiment, a burst read of multiple bytes may be read
while host 102 is in state 618. In the alternative embodiment, memory
device 108 may drive 1100 on LAD[3:0] in state 616 to indicate that no
more synchronization control information will be transferred between
data bytes. For yet another embodiment, no particular synchronization
control information may be needed. to indicate a multiple or burst data
read.

After all of the data has been read by host 102, the process
transitions to turn around (TAR) state 620 in which control of LAD{3:0]
may be returned to host 102 during n clock cycle(s) T7. As in state 614,
state 620 may be two clocks wide. In the first clock cycle memory
device 108 may drive LAD[3:0] lines with predetermined control
information (e.g., 1111). In the second clock cycle, memory device 108
may tri-state LAD[3:0] lines. For other embodiments, n may be one
clock cycle or greater than two clock cycles to turn around LAD([3:0].

An exemplary memory write LPC transaction by host 102 to a
memory location in memory device 108 will be described with
reference to Figures 6 and 8. This memory write LPC transaction may
be implemented, for example, by host 102 to write system start-up
information to memory device 108. At state 602, host 102 is in an idle
state not performing an LPC transaction. The process commences an
LPC transaction (e.g., when control logic 202 receives decoded signals
from LPC decode logic 210 and host 102 indicating that a memory read
LPC transaction is to occur) when host 102 asserts LFRAME# on LPC
bus 124. The process then transitions to start state 604 and host 102
drives start control information on LAD[3:0] during clock cycle TO. The

start control information indicates the start of a memory write LPC
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transaction. For example, host 102 may drive start control information
of 1110 on LAD[3:0] as indicated in Table 1. The process then
transitions to device select (IDSEL) state 606 to identify or select a
particular memory device for the memory write transaction.

The process then transitions to state 608 and host 102 drives the
address of the memory location in selected memory device 108 on
LAD[3:0] during n clock cycle(s) T2. As previously indicated, the
address may be any length of bits supported by a system such as system
100 of Figure 1, and sent over of number of n clock cycles T2. The
address information may be provided most significant nibble first, least
significant nibble first, or in any other order expected by memory
device 108.

The process then transitions to state 610 and host 102 drives size
control information on LAD(3:0} during clock cycle T3. The process
then transitions to state 612 and host 102 writes the appropriate bytes of
data in n clock cycle(s) T4 to memory device 108 over LAD[3:0]. Host
102 may drive data onto LAD[3:0} in byte increments over two clock
cycles. For example, if the transfer is a 16 bit or two byte transfer, then a
first byte may be output in the first two clock cycles, and a second byte
may be output in the following two clock cycles. For each byte, data
may be output by host 102 low nibble first, high nibble first, or in any
other format. Similarly, each group of bytes output by host 102 may be
output low byte first, high byte first, or in any other format. Host 102
may write one or more (burst) bytes of data in state 612.

The process then transitions to turn around (TAR) state 614 to
turn control of LPC bus 124 over to memory device 108 during n clock
cycle(s) T5. The process then transitions to state 616 and host 102 waits
n clock cycles while memory device 108 drives inband synchronization
control information on LAD{3:0] during clock cycle(s) T6. For one
embodiment, the synchronization control information may be one or
more clock cycles and used to acknowledge the receipt of the data

written into memory device 108 (e.g., 0000 on LAD[3:0]). The
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synchronization control information may also be used to add wait
states until the data has been written into and stored by memory
device 108. As with a memory read LPC transaction, memory device
108 may also send an inband error message over LAD[3:0] (e.g., 1010) to
host 102 using the synchronization field of control information. The
error message may indicate, for example, that the write transaction did
not occur correctly or that some other error has occurred. One
embodiment of the synchronization control information encodings is
shown in Table 4.

Host 102 may then transition to turn around (TAR) state 618 in
which control of LAD[3:0] may be returned to host 102 during n clock
cycle(s) T7.

Figure 10 shows memory device 1000 that is one embodiment of
memory device 108. Memory device 1000 includes memory 1010 that
may be any type of memory device including volatile and non-volatile
memory devices such as SRAM, DRAM, EPROM, EEPROM, ROM, and
the like. Memory 1000 includes the control circuitry and memory
elements necessary for implementing any volatile or nonvolatile
memory device. For one embodiment, memory 1000 is a nonvolatile
(e.g., flash) memory device having a control engine coupled to and
controlling the programming, reading, and erasing of an array of flash
memory cells.

Memory device 1000 also includes one embodiment of LPC
interface 116 having 1/O latches 1002, control logic 1004, state machine
1006, and memory control logic 1008. Control logic 1004 receives LPC
input signals LFRAME# LCLK, and/or LRESET# and provide an
indication of these signals via control signal(s) on line(s) 1012 to state
machine or sequencer 1006. For one embodiment, I/O latches 1002
receive and output address, control, and data iﬁformation from and to
LADI3:0]. 1/0 latches 1002 pass the address, data, and control
information received from LADI3:0] to state machine 1006 and
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memory control logic 1008 via bus 1014. [/O latches 1002 may
concatenate the various nibbles of data received from LAD[3:0].

With the address, data, and control information received from
bus 1014 and line(s) 1012, state machine 1006 controls the LPC interface
of memory device 1000 such that memory device 1000 may
communicate with host 102 over LPC bus 124, or may communicate
with [/O devices 104 and 1010 in a bus master LPC transaction. One
embodiment of state machine 1006-is shown in Figure 3. Another
embodiment of state machine 1006 is shown in Figure 6.

State machine 1006 may work with memory control logic 1008 to
provide the necessary control, address, and data information to
memory 1010. Memory control logic 1008 generates the necessary
control signals on line(s) 1018, address signals on line(s) 1020, and data
signals on line(s) 1022 for memory 1010 to perform write or read
transactions. The control signals on line(s) 1018 may include address
strobes (e.g., RAS and /or CAS), chip enable or chip select signals (e.g.,
CE and/or CS), write or read enable signals, reset signals, power down
signals, and the like.

When state machine 1006 determines that a memory write
transaction is to occur, state machine 1006 may indicate via line(s) 1016
when address information is present on bus 1014 for memory control
logic to provide over line(s) 1020 to memory 1010 along with
appropriate control signals on line(s) 1018. Subsequently, state
machine 1006 may indicate via line(s) 1016 when the data information
is preset on bus 1014 for memory control logic to provide over line(s)
1022 to memory 1010 along with appropriate control signals on line(s)
1018. Similarly, when state machine 1006 determines that a memory
read transaction is to occur, state machine 1006 may indicate via line(s)
1016 when address information is present on bus 1014 for memory
control logic to provide over line(s) 1020 to memory 1010 along with
appropriate control signals on line(s) 1018. Subsequently, state

machine 1006 may indicate via line(s) 1016 when the requested data
-27-
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output enable signal over line 1024 when data is read from memory

1010.

In the foregoing specification, the invention has been described
with reference to specific exemplary embodiments thereof. It will,
however, be evident that various modifications and changes may be
made thereof without departing from the broader spirit and scope of
the invention as set forth in the appended claims. The specification
and drawings are, accordingly, to be regarded in an illustrative rather
than a restrictive sense.
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control mformatlon
a memory device coupled to the bus and storing system start-up information; and

a host coupled to the bus and writing first control information to the memory device via the bus to
indicate a memory transaction in which a part of the system start-up information is communicated

between the host and the memory device;

wherein the memory device provides second control information to the host via the bus to synchronize

operation of the memory device with the host.

2. The system of claim 1, wherein the bus further comprises an independent control signal line for

carrying a control signal that indicates a beginning of the memory transaction.

3. The system of claim 2, wherein the control signal on the independent control signal line indicates

aborting the memory transaction.
4. The system of claim 1, wherein the bus includes an independent clock signal line for carrying a clock
signal, and wherein the memory device synchronously communicates the system start-up information

with the host with respect to the clock signal.

5. The system of claim 1, wherein the host writes third control information to the memory device via the

bus to indicate a mer;lory address in the memory device.

6. The system of claim 5, wherein the host writes fourth control information to the memory device via the

bus to indicate a number of bytes to be transferred in the memory transaction.
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9. The system of clalml wherein the host comprises a processor.

10. The system of claim 1, wherein the host comprises a chip set.

11. The system of claim 1, wherein the plurality of general purpose signal lines comprises four general

purpose signal lines. -
12. The system of claim 1, wherein the system comprises a communication system.
13. A system comprising:

a bus comprising a plurality of general purpose signal lines to carry time-multiplexed address, data, and

control information;"
a memory device coupled to the bus and storing system start-up information; and

a host coupled to the bus and writing first control information to the memory device via the bus to
indicate a memory transaction in which a part of the system start-up information is communicated
between the host and the memory device, wherein the host writes second control information to the
memory device via the bus to indicate a memory address in the memory device, and wherein the host
writes third control information to the memory device via the bus to indicate a number of bytes to be
tranferred in the memory transaction, and wherein the host writes fourth control information to the

memory device via the bus to turn control of the bus over to the memory device.

=30~



2 700

& ()-0 L'10%& ()-0 10 10 10! 0 +10%& ()-* 0 +10%& ()-* 235 FEB
+1098@& ()-*1sp8PULV| [:-010 Q0, &10%& ()-T L, &10%-& ()-T " &$10%" *B@ADERBENT SHEET
S 8$10% +] & ()-S &$10%t *0& ()-S L6 el0%& ()- VWWKd~bA010 O L, 10%@ @ ()- L',
100@@ ()- L, 10%@@ ()- LM 10%@ @ ()- LL' 10%@ @ ()-1010+f|[:-010HH
T,f, 10%H& ()- L, f,10%4@@ ()- h  $10%c)\& ()-  $10%& ()-
T $109%-& ()- " $10%& ()- MDAOLOHH T °  9%40%& ()-3+ °  9%40% & ()-3+
%4.0%&, 4 )5 3 Jﬁg% }?0 r& ()- L' 10%& ()- 1O0HHIOHH vU410 3& 10% + & () -
LY( 109%F "t%‘é L Lsl 710%& ()- © A0%& ()-3+

a memory device storing system start-up information;

a bus comprising a plurality of general purpose signal lines to carry time-multiplexed address, data, and
control information, wherein the bus further comprises an independent control signal line for carrying a

control signal that indicates a low power mode for the memory device; and

a host coupled to the bus and writing first control information to the memory device via the bus to
indicate a memory transaction in which a part of the system start-up information is communicated

between the host and the memory device.

15. A method of performing a memory transaction between a host and a memory device across a bus
comprising a plurality of general purpose signal lines and a separate control line, wherein the memory

device stores system start-up information, the method comprising the steps of:
asserting a control signal on the control line to indicate the start of the memory transaction;

writing first control information from the host to the memory device on the plurality of general purpose
signal lines to indicate that the memory transaction comprises the host writing a unit of data to the

memory device;

writing second control information from the host to the memory device on the plurality of general purpose

signal lines to indicate an address in the memory device to which the unit of data will be written;

writing third control information from the host to the memory device on the plurality of general purpose

signal lines to indicate a number of bytes in the unit of data to be transferred,;
writing the unit of data to the memory device via the general purpose signal lines;

turning control of the bus over to the memory device;
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asserting a control signal on the control line to indicate the start of the memory transaction;

writing first control information from the host to the memory device on the plurality of general purpose
signal lines to indicate that the memory transaction comprises the host writing a unit of data to the

memory device;

writing second control information from the host to the memory device on the plurality of general purpose

signal lines to indicate an address in the memory device to which the unit of data will be written;

writing third control information from the host to the memory device on the plurality of general purpose

signal lines to indicate a number of bytes in the unit of data to be transferred,

writing the unit of data to the memory device via the general purpose signal lines; and

writing fourth control information from the memory device to the host on the plurality of general purpose

signal lines to indicate an error in the memory transaction.
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the method comprising the steps of:

asserting a control signal on the control line to indicate the start of the memory transaction;
writing first control information from the host to the memory device on the plurality of general purpose
signal lines to indicate that the memory transaction comprises the host reading a unit of data from the

memory device;

writing second control information from the host to the memory device on the plurality of general purpose

signal lines to indicate an address in the memory device from which the unit of data will be read;

writing third control information from the host to the memory device on the plurality of general purpose

signal lines to indicate a number of bytes in the unit of data to be read;
turning control of the bus over to the memory device;

writing fourth control information from the memory device to the host on the plurality of general purpose

signal lines until the unit of data is ready to be read from the memory device; and
reading the unit of data from the memory device via the general purpose signal lines.
20. The method of claim 19, wherein the fourth control information comprises an indication of an error in

the memory transaction.
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21. The method of claim 19, further comprising the steps of:

writing device selection control information from the host to the plurality of general purpose signal lines;

and

reading the unit of data from the memory device if the device selection control information matches an

identification of the memory device.
22. A system comprising:

a bus having a plurality of general purpose signal lines to carry time-multiplexed address, data, and

control information;
a peripheral device coupled to the bus; and

a host coupled to the bus, wherein the peripheral device communicates wait state information over the bus

to the host device.

23. The system of claim 22, wherein the peripheral device communicates an error message over the bus to

the host.
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