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SUPPLEMENTARY COMMAND BUS Fi el d of Invention The invention relates to
i ntegrate i iJ.s and sem conductor systens, and nore 5 particularly, to
accessi ngqvcfg{)%(?&géckgr ound of the Invention Many el ectroni&%’?@‘{f’@ﬁ@“use
menory to s&\&#ﬁ_ i nf ormation. NErmrl\é devi ces include an interface to
comuni cat e HOPANDARPARAT U FORSUPRLEMENTAR Y GOMMANI:BUSce 10
provi des several inputs and outputs, including various bus connections to
accomodate nufti-bit transfers in parallel. In particular, nenory devices
t ypi cal |EeldndlIudentiorconmand bus and an address bus that transmt conmand

and address ipformation froma controller to the nenory device. For
exanpl e, man InVention relats i intessated cirryitroand sermisandictrasystemspaad waareng 15

threg cqﬁmyagi I g Sgsi iLharily row address strobe (RAS), columm address
strobe (CAS), r?hgpwrc?sts}a&;&n%'l e (VWE), and several address signals, including

row col um address (Al X:0]), bank address (BA[1:0]), and chip select (CS).
The comgpnd signal s decode, yi el di ng several conmmands, such as ACTI VATE ROW
COLUWN S Rd.of thednventiond PRECHARGE ROW PRECHARGE ALL, AUTO REFRESH,

SELF REFRES,MM§K§ : %an g)AR Eig FEQ]%B rLaln SS
processes satur tec‘tztﬁcgnéé mand acm?[g%glt Ss,r Im mbl%mﬁe%gés infid

t hr oughpotinteafadevita t donohuditete et other eleneats Gbtheessatant. e Al fdindryniiterfacEi gur e
9 iltlhustrat.i n menory, access process, if the addressin

et .
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tolf 3 i i 0

hddr eos G VR RISHer R pRGfel D LR oo fAEes ORI Bimab s 1"

addr ess busiend 81 3ddBssussthatacinsmit cdatnganid ant ndheEehfethatiba fionbakkntsslleedsd i on

bus 924'hA PRECHARGE conmand 914 for the selected bank 915 is then asserted
to cl osd"GIHEMOY ¥HEd bank. If the burst size does not allow time for three

conmmands, howgy ek e G v adiEed t ‘ le is
2 Durst i zo o) rampleGutify S rpkaM WBlites Rohthd sorfiindbaRTT Bl RIAE 0
r untd ng thiee dombland sigaals aordinafilyt tvev adsiness noiold®AS)s chlumnQiddress birsbd (CAS),
sinplifie illustrative exanple, for .nmepory accesses typically utilize
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commandremiaeds spdt 259 ACTIVATE BROM.s CQHUMN cSBLEGTs witle WRITEREADp

Cwo-t hi FRECHARBERQUCHRECHARE 4l B, Hormisn SE R berG Sl Wiike. ©
syseem a0 MODE, end BOADVEXTEPRSED MbDEhe present invention includes a
menory having a | ocation-specific conmand interface and a general command

interface. TREMABNACPESSorpTOESTEAt @aturite hthet remmand(roideess s bus; tlimitisg stthen vi a
a main AR, f ransfer address.specific compnds.and a
suppl erreﬁ%f%ﬁ’" uggﬂn@a“ﬁ_ bdﬁﬂé@@@%& ﬁa‘a'ﬁcfee % SX?'P%lﬁ’slfeg?'Bﬁ%h%ir: @Prcc%r‘ Hatiaoe
Commanda simaplified memery futedd)prbteds, TR fHerAddfek$The para@as dictat@hll phge MRS ehdn e
interfaces. For exanple, a PRECHARGE conmand may be received on the general
command PPt Bpasfercopgration Y0neidats totfremghe memosy deviees mquireseone ACTIVATE

| ocati ons T | . ri scripgd of awi ngs re
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to the detapbrdingesthedolingnadines dhfigTs. BAER sleRfindBR £ tidhseAeASS 4 BahiM t h
the follQqwing illustrative Fi gures, whi ch may not be to scale. In the

fol | owi FYeqtiog e 924 ARRE eommansk? k4 foetherselestedibank i 5 isitherpasserted
t hr ough I . Fi i | oc Lagr.amof an el ectraonic
system gg%g&é&ﬁ%&%&g@rﬁgs ‘gggée?%“i“ gl‘szet ole%S &Pgsagﬂw {‘Weﬁf it i® ﬁ%’[ﬁ"’r‘@sa is a
s block dhowgewven the datansearsfey rate tiethieled. aAComMvts eanSile 8 a burst size of four data
30. bus transfers 916A-D with the data bus 920 running at double the rate of the

command/address bus 922. This is a simplified, illustrative example, for memory accesses

typically utilize interleaved commands to the various banks to optimize the operation of the

memory system, but it serves to illustrate that each data bus burst transfer operation 900



* Figure 3 is a block diagramof a main control bus and a suppl enentary
control bus; Figure 4 is ajtimng diagramfor consecutjve nmenory accesses;
25 Fi gure“%lgzog 9' ock diagram of an alternative enbodi ment of a main
control bUs XRY¥4suppl ementary control bus: Figure 6 is aMSVHS3/02610
alternative enbodi nent of a main control bus and a suppl enentary control
bus: Fi QiP¥idss two sommendigddieayyslatn 9105 9p2. 0\Besauss threceesnmands aro mequindd to

i ndi cat Qg Fi., ' [.M dj amfor providing a tertiary.comuand
i cat ortectihy WREEE, vy, MR SRS ol TR SR By b B T8 e
prior arcapasypry access. Elenents in the figures are illustrated for
sinplicity and clarity and have not necessarily been drawn to scale. For
exanpl e, the dinmensions of sone of the elenments in the 2 WO 03/ 069484
PCT/ §SOY R4 o & hY be exaggerated relative to other elenents to
help to ng of enbodi nents of the present invention.

Det ai | ed Descii ¢lecteonid System aseiding Ry ¢diious Bspets dTRhélpisedt i8ntibn iR ludEs 9f
functional blaock, conponents and vari ous processing steps. Such functi onal

bl ocks MRAMYY havme; 3 deraipn-spceific spmmand infgrfaceand argeners! command dntefacent s

confi gur r | L ' ok _exanpl e, the presen

i nvent i g%%%f}“@ﬁp‘%%@?ﬁ%u&“@%%% %é%g&%és lg' tji1e r%rﬁj y“%f‘éﬂaéﬁfg?m}aﬁ{’ &PF ace

el ement sonfipged tel ﬁmf&rSaddin?eciﬁaCdMﬁarﬂﬁnﬂﬁpbi Qipplentdifary heonhhkefl baki ch
10 variety of functions under the control of one or nore

may éarry tout"(gl .
pr 0d8s s SPufigired, ¢ drangleh gepgraljevmmards. | Fommesinds anay bhaegsivedeby thenmemorpn nay

be practy L J I Q12: \WM: f I8 t ens d data
tranom SoaaneSoRoHERSbAREIE Y PR, P IR ey B
exenpl argceaedl orc the geaserall cérthmand) isteifhe@nwhitelrd hRinory hRcdit 6§ GBteivddv 6Ritheon may
enpl oy any .nunber_ of conventional techniques for data transm ssion,

si gnal i ?ﬂf?étla'é?%ecﬁ‘?%’é‘éeg&:ﬁg, bus 15 control, and the like. Referring to
Figure 1, an electronic system 100 according to various aspects of the
present invention may include a processor 102 and a nenory system 104. The

pr e$&nt Beied Presomiptiors ybtheDi@ingonpri ses a system using a menory, such as a
per sonal corra‘gter s%stem !he el.ectronic system 100 may conprise, however,

any suitabl eef8tt lete _ ¢ratapding of therpressninyeptinninavbe deriveddyanferring _
CoMput | B iRy i6ited ERLABliGH BAP Rlairhy SR o8R8 !in ToRh&on RO AR RuBhRE " ON' ©
devi ce, _audi o conponent, appliance, or factory control system an

var i ousillustrpioveeRigorasayhichf frey reot dertdi seglet dint the foHowinguFiguresy like referetice

environpent, T rocessqr 102 _gener al control s operation of the
el ectr oﬂ\"@ggﬁ§%}§I}T'l%1%ﬁaraéﬂn%r§/ﬂ’g%'ﬁg§'PP%‘ggg%%}“%?ppr opr !Oat e processor or
congool I er, sigabe 2Ss @blddki @hgraMPd OdrOLiBotrdaic s@@t’e?ﬂ‘ﬁ@é&%g & v%%g%gé\cfssof

may be replaced by

m croprocessor. In sonme applications, the processor
‘ot her déhgipressnt iguerttions | ogic circuits or ASICs, or omtted altogether. The

menory system 104, compri.ses a storage systemfor sioring data. The nmenory
system 104 ng}fugeo%‘bqﬁn@gcﬁﬁ?g%b?%p?’g%'éy ’H§ﬁgF§/a‘§§/§{"é9rﬁyP Flstoring data and
transferri ngripates kesmaadﬁgﬁmﬁin%ﬁﬁ@mu%%d %{%Epeﬁl%e A&0butD2 or

odi nent ,

anot her conponent. In the 30 present enb menory system 104
i ncl udes oneFiguravisa timingrdiagrani foreongative Menmryracoesses,control | er 212; and a

bus,system 1 T ry.controller 212 controls agccess to, cl udi ng
dat %;t r ansf e?lgllfe()?%n%ﬁp%?ﬁag{aﬁéo 1r°{f‘a#8?j GT"@Q“‘?P@F 0 %H"aWeﬁPnHQl Wra®erur t her
f unct i onpplementd ¢ caitrslbus;as Wel | . The nmenory controller 212 may conprise

any 3 WD 03/ 069484 PCT/ US03/ 02610
Figure 6 is another alternative embodiment of a main control bus and a

supplementary control bus;
Figure 7 is a timing diagram for providing a secondary command indicator;
"Figure 8 is a timing diagram for providing a tertiary command indicator; and
Figure 9 is a timing diagram for a simplified, illustrative prior art memory access.
Elements in the figures are illustrated for simplicity and clarity and have not

necessarily been drawn to scale. For example, the dimensions of some of the elements in the




- sui table nenory controller for controlling access to the nenory nodul es
210. In sone enbodi nents, the nmenory controller 212 pay be omtted and/ or
have its Mﬁd 9&3 performed by other system conponents. The nenory nodul es
210 may c 6284ny systemfor storing data, such as a 5 PROXSOSAMY DRAM
SDRAM any other suitable storage system In the present enbodi nent, the
menory ffsauay, b cxaggsratedkrelpsive|te other gloments toyhedin i oprove yndsrstandiagdbm
access ngEnn . fromM cron. For exanple, each nenory
nodul e 210 gﬁﬁ“ﬁ?&yﬂ?‘c n;%r}trsﬂe)‘%ﬂgg ii gh- speed CMOS SDRAM i nternal ly configured
as four banks of DRAMs. The nmenory nodul es 210, however, may conpri se any
appropriate 10 nenpry or configuration, such as an individual nmenory chip,
a mufti ce, or another type of storage device altogether. The

r
menogy nodul ' ' r f e elegtroni c system 100
b otgh any. aar PAnra TP Bt Seuesfodt TR boss e ol v oomoBRET
conpr i sivagoysi peocessiigdsteps. c Buthic funeGorad rilesks | 1986  beoRhiisa bg%ﬂ@' hidBer 8f any
ot her suitable coupling. 15 The bus system 106 connects the Conponents of

t he menbAEWas I soltyare qomaponeptscpniigusedta pavterm specified fitpctipes. Hies exgmplem 106,

may uti lg ; ralal QN i i optic or.electric signals.
Tho bus i BreS JARALGN A Ewplc"rbus RS 8 HERlY it ipferfie
i nf or maelearentss loglic elsmants] tusek,i jagkade onh&3iongpindase like,oRhish edy erResut a

compuni cation _nedium In the present enbodiment, the nmedi um conprises an
el el r ofPct3 Of Bipctions pndenthecogpl off ons s mare processorsi ar asher contgohdenises. t e

menory : : Co ni ions with
the manar oS (b freie] it ifibn SRR AT SRR IR, an BT TP8 any
sui t abl eystempembdata temsinisamnusedig and rrocsie s6d thel §itenis@estEHbEY areGagklyol | er

212, or other circuit or fsgst,em t.o control comruni cations. In the present
25 enbofXTRHETY Hing A1 tBn dnvgotian ¢ arthetdhe, Prasens| iBventionangy smploymny
cont r ol hggb&Yof BsnvERITRaY 1&BRque! lrs' dzﬁ&%ran%@sigfﬂssi%&q’in ngatrar}ﬁ'oge%%mgcﬁu%d
conponents nay conmuni cate usi ng any appropriat’e conmuhi catli on” t echni"ques
andl®dr pewradcasidshe bk exanpl e, the conponents may conmunicate via the bus
106 using a gglrect ed )(g:onve tional protocol, such as those described 30 in

speci fi cat i oRS' g8 1Q EigBrF Srsaplectropifesysican 190 agcording do Jaripusmaspeasaf theur ed

to cog*gfas&atiﬁvée&{bn thilE idBRITRS ¥ fml{éwoﬁﬁoi 184 Rk ggééé‘%%d%‘;]ggp% gg%s&gat .
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bus conglgetronde sgRon 1AQdrareisbug sysmestitpr Bévoryaich aoaendnilucongmierect i on
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conn eg? %ﬁéﬁg 2@%%%9 %ﬁsgxggg“ﬂﬂ@% ff%i COBRFiS JIO¥E Vel 3BY S eyaf'ﬁrcfné‘b Fystemit e
conpuni Qwhi M coifilhiagionGhiedi, BomPub skt eﬁ%@tﬂtﬁﬁbn@%ﬁ}'ﬁﬁco@lﬂﬁl %%f’enha mai n

control bus 226, and a suppl enmentary control bus 228. e nenory 1nter
face 2Spotahle elsetronics deviee, mudio etampomenty applisdice; drofactbryaositend sysigmband the

i nf [on .t f t . modul e 210.. Each b : t 220, 224,
o6, oogieity SupBhicss By AL ST R e pfidilar SO ARAERORTER: Tharqr os
sel ecti procesaboI0Pgdneal9 contiBlsasperid o Uk dédronitediRtead 100\ andaha) Qitsprke0. and

command signals on the main control bus 226 and t'he suppl enent’ary contr ol
bus 2283ny-apPRrApHate PHRIESINELPInepntioliers shehnhs wn dotel,i Motardla or tAdvasdedr Midre

releyvaniy,info i Ory._ ex le. each bus may be..configured handl e a
6 B ekt R Beksdr 1n SERERpBhcafiBRY i Frobe¥or foaRRY bR e Tecel By 5,0
of the g@evicessuckabgioeiituits 6MASICS or emikltaltbgdthersuch as 4-, 8-, or 16-bit,
connection for transferri ngpi nformation to and fromthe data bus 220. The

address bus The Biemapesystem 404 cpmprises sesteragerbystémdon stoungpdata.e The mndyt

connect i recei ving rew and col um, addr.ess

ot or et 764 naf E8fheBS Sy btbitiye GG bt 0 Zhing Sk Fiy RS Re o

. sel ect edatbetveerd kit wiaidrybsysted? 086U RGE6Es0PUD2 23 andfher Sothpeehy HoMET gur ed
tooi'onter face Wié‘,h the nmenory nodul e 210 via the corresponding interfaces
320,

32Presegt gmbpdimght, theamempiy Bisiem 4 Bokidepeneermensamernpiy editiess2 WAs ont r ol
., bus 228pdegfine conpands. »3n her. ify the chi ngd/ or, hanks to
whi ch tﬁ’egcom‘rel{ %s app y2.1a28"dltﬁgbuf3§£’f Iﬁdlsderraegﬁéo,mé{ﬁV gg{hcg}%r ?3 RSt or

oper at i ausessfto} ineludingiaya RGeS ta?dld from, theandih@yhdduiesPIV;, BRI inay {pefform

suppl egglgtbar}{kngontrol bus 228 is used to provide a first selected subset of
conman flofungtionspand epmsatians asykellk 2 dhe angmasyi epatrallere2 Phthay evopprisel anyibs et
or, alternatively, the entire set of conmands. For exanple, the

suppl ementary control bus 228 may be used for general conmands, i.e.,
commands that relate to |l arge bl ocks3of nenory 25 locations (like th
entire nodule or an entire bank). The nmain control bus 226 handl es

| ocati on-specific commands, i.e., that relate to specific individual

| ocations or groups of |ocations in the nenory nodul e 210, as wel| as other

o e N - o, . . o, . Y
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- WD 03/ 069484 PCT/ US03/ 02610 Command signals may be divided between the nmain
control bus 226 and the Supplenentary control bus 228 in any suitable
manner ; SI m I ar I %84 the main control bus 226 and the suppl enentary control
bus 228 figured in any suitable manner to accommBdEU#30R@0Ccomand
si gnal s. For exarrpl e, in one enbodinent illustrated in 5 Figure 3, the main
control Swatsblg Zeemmypcommlerafommntmﬂmgmudedsm th&@némwrngodﬂieeél@ralln somemand

blts(M a mai.n chip sel ect bu it 4 havi n and a
mai n bani®? “@E‘Etf’owemﬁ‘%mgoﬂ fepollgr tsmg Eﬁal’ig? IW‘BK?‘SJ ‘*Fﬁg’ h’i“@e 1t HC‘&ﬂﬁmnd
bits ar %@%yh@@byogﬁggﬁ%g&nﬁﬁé\ J ow address strobe (RAS), a colum
address strobe (CAS), and a wite enable (VWE). In the present enbodi nent,

t he msu n bankTheemgotory mdsudes2210 mgrmamse anyyvaystefr) fdxi stoting dafaj stchdas anes
t he to bea i ed,. .and the one-bi n chip
sel et @E@%W@%ﬁ?ﬁ?‘wwe%mt lgﬁﬁ Yitable %‘W@gﬁéﬁté@poi\‘ﬂ ri%gpresent

oper at i Qfinbodifibdt2 iHeY mekddfy W'lc%n?l@)t %M%t‘éﬂp&ecftf?ﬂe Bats %%Bsyﬂglfm%usc Egﬁdn%r ed

in any suitable nanner to acconmodate t evant comH
exanpl e,random geqesd mnmrya@DRcﬁﬁRAND bosub@dresm Miatuny Fooepampleseagh memory

S4B TSR 255 TR B35 ek OBHPELRISE B Sl

enbodi masahks bR DRANR! ETRO oy HMbdls BUS RARVER! B o ﬁ@h&é & @QB
oper ations. PRECHARGE operations nay corrprl se oper ate open

owd0i n raerp@mtqrmnagumam sueh aslan indntiduadmentoey ohippa mulm-lcomgbndm deﬁRE@HARGE

;Sﬁl‘?fr on BPHRE AR Pl e i@ Bleef e Ty ool 3 1 Brerbe Rl BB v ot o
DDl T T e oA L Y PURRP Ol ChaichSC,

t he supfogmEsngr §ing cseldendcdriductve nennsctidns, nptiaal \conplingse op 80y totherxeitable a
PRECHAR% S%Bnd on the bank 310A indicated by the supplenentary chip
sel ect buS and suppl enentary bank sel ection bus 420. 25 Alternatively,

becagse PRECHAMRGBus Systdie 106! sonaeetiaid c60psdents! @fitﬂeymtaﬁﬁrﬁ YPeR nﬁnt arye

control bus 228, the supplenmentary command bus may be omtted
al t oget HBFMOYSySKeat 10heinslugdingetherusrsysiem Ho6G em@)CtUUbZ% any @ppropyatgssigrals,

PREH ARS8 BpricalOF LKA Qenttls, THE 1BLBRIGHTFON Ao p&mbRs i il 8 iR
suppl enmdot atransfemiﬁg sefoepiation) buch 420a d@ﬁraTk}USof s AGDYA #berss WS ftieent

READ or WRI TE, comrands may be asserted using the main control bus 226 in
conj unctSeBIWIGaton FRcdivmy égsth% asesgzzmwdmmﬂ the anesliumrcompriges an elppftoniext

bus 5 AR, 8 a QLA b0 BERAMTR sl B0 S RO A Pt 10Tl B O
WD 03/ o&emnma'ﬁhma/aﬁm&

Communications with the memory system 104 may be controlled in any suitable

manner and by any suitable component, such as using the processor 102, the memory
controller 212, or other circuit or system to control communications. In the present

25 embodiment, communications with the memory module 210 are suitably controlled by the
memory controller 212.

The bus 106 and the connected components may communicate using any appropriate
communication techniques and/or protocols. For example, the components may
communicate via the bus 106 using a selected conventional protocol, such as those described

30 in specifications for Micron SDRAMs. The bus 106 is also suitably configured to
communicate with the memory modules 210. For example, referring to Figure 2, each
memory module 210 includes an interface 250 having a data bus connection 320, address

bus connection 324, main command bus connection 326, and supplementary command bus



 command on the original bank 310A via the supplementary control bus 228.
Accordingly, the PRECHARGE commands may be asserted w thout using the main
control b 6. . thus relieving congestion on the main control bus 226 and
t endi ng t%‘f?%‘%ﬁ%t?é the performance of the menory nodul e 2RET/HH0382610
particularly, .an_electronic system 100 and net hod according to various
aspects BP0 o Ahe bHY d0G Ay bragonfigurediascordingly: tnfaciitat wompagtication,

uppl ot ARG St Bl BD. b aolRE i 235" amBR S el s 206, o8 «

ref er ri ngnpplenkdngary eortroldas 28.ti al nenory access nmay be perforned by
identifying the rel evant bank on the main bank sel ection bus 414, the
“ rel evant chi pTh¢ memory antgeface 23 pnd gheclus Higsprpyide enedon mediachor yransfewvingor y

comand PR3 «fY foftthe Aol RAfE 2 il Bl bolpeSiell 320,024 28 ke

suppl eneotdatayily raisfab abekcddypeestinfematiod)Pe., GaamBRdstIdRioR [iB6ARALIGH YN the
unwant ed conmand_from bei nggrte%;t ered on the supplenentary control bus
ata

228. 15 ¥kiressRind24; data i the 829 2ad cemmand signals 9d themeincontrobbus 226
operatio Vo Mo d ; o] [ ti.gn on di f ferent. bank.
Accor di nqu;&tsﬁgptg@ggeﬁgﬁ rs}%lrrntaz))trl 3})% P (??g't pg‘r‘#% 2 ebﬁsgg}#ﬁ?cl éﬁdta 1r¥ ‘f%g% Ao hi p
sel ect buwansfkt 2he melevanbamformaticact Fotiexatiple, caokl basldnfcbe bosfigedd @ hshdida
ACTmI‘IIéE an ReEAD or WRITE commands may be successively provided via the main
commibhd $5igsted mymker of T3 and T4. Meanwhile, the supplenentary 20 control
bus 228 may 1 de.. 3 Brevi I : d bank to
cl'ose the. st | VY BRASIGIT, o Bire oip AL a3 B M SRIP ek paSRRR B 2o,
ex arrlpl e,muluibitpsmhikasus? ys-,a_crcmsgie,dcdmedtﬂo ioﬁ(rjfdr ﬁhﬁs}feraihg ihfd;emhﬂ'ri]cﬁﬂ &da:?mfrbhﬁthe a1
suppl ement a el ectign hus and, suppl enentary chip sel ect bus :
respecti ‘ilr)aé"i‘ ws gf(p t }l'ﬁ%ac%ggss%% npexfegqRdrof thgpresent ieenbedineny €gmprisesiae 13-bit
suppl emegdnat i b kg .

ot i ous] EtcR IO 3R R otk Hink rbcAvidgPlchy oot 6 BforkBLbly seect o
mai nlSconenedbcdtion P 6f thEmemanyranrag 24 6tin asgletted bapior Thodwd banZandiddias by

the main coptrol bus 226 and the supplenmentary control bus 228 in an
sui t abl gb‘ﬁa%‘gra.‘er—sb‘?taé)‘(a r}dplqdhéo dgﬁé‘ﬁdé"'l yhe, dnerpeny e nodulen 21 Qi atia e of
the conmaumspdiety inicPlcdstRoadislf ess bus 224 are asserted via the 30 main

control bus 226, and all of the commands that do not require the address
“bus 224 may beignals enttheimaimcaittdidus 206 asd el suppleheentary oonteall bub 228 28ner t he

i trol 226. Thus, .t he_ devi i ding the ds, h as th
B T
pr oviode Pheceuiimiills 36£0bslhmOsd Of 3BMnARALH: WPeratibl BF HR mémory @&86/2@6.941?.4

PCT/ US03/ 02610 Alternatively, the commands nmay be restricted to assertion
on ei t hethe presentgmbodimeant,dhe $npplenmmtagy cortes] bupR Seirwseditoyprovide a first iselsct2@8, or

th i oned h, t h t, of ds | ted
ont'y o Ree of BrtndP BEA e REE SAEDL biiSia e Boprd e A sel PR BIEHiFd Set e
suppl eneiifealalivelgNihe @ntiRuset 32 Bomiahde Porte&ﬁ,?le,sa{e slmﬁglggﬂnw 8odtRA ba§ 288 t her

bus S 226, 228. Simlarly, nenory nodul e erface , the main control

bus 226 mahbe vied fongsnarbenmmondsone.s comivandsxhat relate e largeblagks efiniemoayy

Sui tyabl et 0qfacilitate,assertion of .{he.commnds, as,a t,j oned or
sharzgd. q?ér’]ﬁ{&ﬁg (gl%fbgh& HENY "i?c}ﬁ\;%f“iﬁnafJWCCMn C BRI, Coftro ibﬁga?hé‘aﬂ@&? ess
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Figure 6. In another enbodi nent, the nunber of bits required by the

e o e o S ~ S

—




"8 ° WD 03/069484 PCT/ US03/ 02610 command i ndi cator 620, referred to in this
enbodi nent as EXTEND 1. EXTEND 1 designates a secondary command 622
fol |l ow ng nple, in the next cycle. Thus, if EXTEND 1 is
transrrittgvcé@{/%gﬁﬁext cycl e contains the secondary conmand®@9S033¢10

secondary co nds y. conpri se any.appropriate commands, such as SELF

REFRESH, - WAKECO, fignpipmay et divided cbetieers thr apaig rrontroh bus 226n and yhe
d ' LorjL: he i ds.
e i n SRty COMBONR 10, B Sul e Indbl? Sirbitaly Ak i, BBy BRI P

any desi amtl toy istgpleraenthyr tdrtrol busf 228 iniy b cdohfguired 8n ddye switadien dainyerc mand
622 may indicate another conmmand fol]l ow ng, such as in the next cycle, by
asserti ngceemmndate; the command sigealeat Bor erample, (E>orenempodimeat illystiatedy m
comend Ei : t | : ] 0w e -1 | mrand
capabi | i tié %erﬁra%ytg&e B%E}B\%nc*gogsbﬁé izgg c?ﬁmg}n?«% o%glﬁlns%@%%m%sdﬂ%% g{r}gé |

desi r ed. cdihmand bt (MICMDY)J & atnirt ship eeleatrtis birey1 2laviagdsed bid (M@S), @i Afin

addi tiongal copmand bits. It should Pe a}gﬁreci ated that the particular

i mpl emenPHK SSIStOM Bus4 L bavirg o Bit(M B A r Ehe-thegeamain (comimand, bits asg suitably
I nventio It AREE I t,1 d I A |Ljm t 1.he
scope of a%ﬁégﬁtpérd e%e%’? 8‘lsvnvent F(;asn%lbg (gﬁ;g?’m%fa&ﬁ%dg%d&?&f ég;rd?’? h(\gﬁssgkgh (g}a ‘ﬁ}rlgvi ty,
convent i emahle @VBnaln the posagienthoditadm, the amimbaatki selectianbuso22Pedonfiptives i o
aspe onponents of the individual operatin

s of .the sys and 2 g )
co rrpf)(ﬁe ng'é bys W i‘*\?{g‘g\%%b@&f‘) reichha capand detp e aprlied; andytheqng-bit main
Furt her : i ' ' ' .gures 20 cont ai ned
her ei n gg{elﬁFﬂt&gﬁ)gggp?gﬁﬁﬂelg%e%gﬁ?éveaég%iﬁgﬁ}h% gﬁ%%?é%@'yé?é%rg Tonshi ps and/ or
physi cal coupSinmitzslyb¢hervsepplérhentagr comtro]l bue228tmay bt cohfighiddbia gt adtableat
many alternative o ddi tional functi on‘ilpctrel ati onshitgs or physi cal

r a
connect i BRENGLL agRomyp eirglevant cormmand set Kiorfxarenle. the supplemacatamny Copfrels ent

I nvent i ogyshaR %ﬁﬁf | 8 fer
enmbodi nent . Hoﬁm@gglry , 1 gsgseg ﬁ?ﬁe’gcw{k r?gﬁﬁaﬁd a\e/4| 1rr6lgsfga t isgﬁﬂ?é%f osure
wi | 115 eccypiselect: bust 4 k8nEHG8} andch suppldrentdry dask welgctiom besdé2( (5-BA). dnadmer r ed

nbodi t, W.th d ti f f.t | tion. Th
and ot hermsHing Rt nsrscRsmentey fotie! B 2Rt e Mateb e REHARBE SRerstions he.
scope of pRBEHARATE RdperallyNina %on@ﬁs@éﬁér@tﬁnﬁ%idéa&ﬂﬁtef en PR 4n %Lﬁn%-lar?’o 9

WD 031 069484 PCT/ USO3/ 02610 Claims 1. An el ectronic system conprising: a
pr ocess obankgornalhbanks refithe gnamaory, thoagh theePREGHARGB optration nsaydcamyriss any

connect i{bg)%l_et?or%cesior to the nenory, wherei r} the b conpri ses: .a data
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In the present dedicated PRECHARGE embodiment, the supplementary command

bus 416 is a one-bit signal such that assertion of the supplementary command bit signals the
memory module 210 to execute a PRECHARGE command on the bank 310A indicated by
the supplementary chip select bus 418 and supplementary bank selection bus 420.
25  Alternatively, because PRECHARGE is the only command controlled by the supplementary
control bus 228, the supplementary command bus 416 may be omitted altogether, so that the
- supplementary chip select bus operates as the PRECHARGE signal. Activation of the
supplementary chip select causes a PRECHARGE operation on the indicated chip in the

bank designated by the supplementary bank selection bus 420.
30 Thus, the ACTIVE and subsequent READ or WRITE commands may be asserted

using the main control bus 226 in conjunction with the address bus 224 to retrieve or store

data. The next ACTIVE command or other command may then be asserted via the main
control bus 226 on another bank 310B concurrently with assertion of a PRECHARGE




*a suppl ementary conmmand bus for transferring a second conmand, wherein the
second comand does not, relate to the first menory;lecation. 15 2. An

el ectroni W&%ﬁ@“amordi ng to claim1, wherein the second command is a
PRECHARGE 'c0 " and wherein the suppl enentary command RSI/E¥HIR¢8es a

one-bit bus. 20 3. An el ectronic systemaccording to claim1, wherein: the
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command after the ec%s command. 5. An electronic system conprising: 30 a
* pr ocessdhfe MEMRERBPGY ng nore than one nenory |ocation; and a bus
conngcting thg : ' . C l.ses. WO
631 0coasa- pcToRIRRRIAEY. W efﬁgﬁ%ﬁggﬁrﬂd%%‘%ﬂ%ﬁé%ﬁ?e RIS pitls
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ral command. 5 6. An el ectronic system according to claimb5,
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11. A mepgry having an interface, wherein the interface conprises a general
comrand interface configured to receive a general command.

15 Following the initial memory access, a second memory access operation may be

initiated at a second memory location on a different bank. Accordingly, the second memory
location may be identified on the main chip select bus 412, main bank select bus 414, and
address bus 224, and the ACTIVE and READ or WRITE commands may be succéssively
provided via the main command bus 410 at times T3 and T4. Meanwhile, the supplementary

20 control bus 228 may provide a PRECHARGE command to a previously accessed bank to
close the still-active row from the preceding memory access operation. For example, the
previously accessed bank and chip are identified on the supplementary bank selection bus
420 and supplementary chip select bus 418, respectively, at time T3. The PRECHARGE
command is provided on the supplementary command bus 416 to initiate the prechérge of

25  the previously accessed bank while the second bank is being accessed via the main control
bus 226.

The command set may be apportioned and/or shared by the main control bus 226 and
the supplementary control bus 228 in any suitable manner. For example, the commands may
be shared such that all of the commands requiring the address bus 224 are asserted via the

30  main control bus 226, and all of the commands that do not require the address bus 224 may
be asserted via either the supplementary control bus 228 or the main control bus 226. Thus,
the device providing the commands, such as the memory controller 212, may select which

control bus 226, 228 on which to provide a command according to any selected criteria.



"12. ‘A nmenory according to claim 11, wherein the general command is a 30
PRECI i ARGE command. 11 . WD D3/069484 PCT/ US03/02610 13. A nmenory according
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receiving a ¢dméady, awmmoandmoddle liaterfacaEIB0[ ythe ymhidMcames] Bus1 @260 a6l aghen 16,
wher ei n thelBr%eneraI cqqmand | s a PRECHARGE command. 18. A nenory system
accor di §PRIGTERtARY Famrol sy 228, maysbe iceniigused An angnswitable; mapnes ctoofagHlitgte
comand gkt b etk Sndald r r Lt LS. confi ed to
Franof e SaE 0P the CORukG: SRPPSTRALT oY shillth M WS SbBfheh” i ST o,
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ocessor, cQnprisin menory controller connected to
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conpr i sirefgrring to Figure 5, the memory module 210 ma’y accommodate nine commands such ’that
three commands require the address bus 224 (such as ACTIVE, READ, and WRITE) and six
commands do not (such as DESELECT, NO OPERATION, BURST TERM]NATE,
15 PRECHARGE, AUTO REFRESH, and LOAD MODE REGISTER). To accommodate all
nine commands, the ma{n control bus 226 may be configured with four command bits.
Similarly, the supplementary control bus 228 is suitably configured with three command bits
to accommodate the six commands that do not use the address bus 224.
In alternative embodiments, the number of pins may be reduced by reconfiguring the
20  command set and the main and supplementary command buses 226, 228 and the interface
250. For example, the commands may be apportioned such that commands not requiring the
address bus 224 are asserted only on the supplementary control bus 228. Thus, in the
present embodiment, the main control bus 226 may be configured to handle only three
commands (ACTIVE, READ, and WRITE), requiring only two command bits, as illustrated
25 inFigure 6.
In another embodiment, the number of bits required by the supplementary control bus
228 may be reduced by packetizing various commands. Packetizing comprises sending
consecutive signals for a single command, such as for lower priority commands. For
example, referring to Figure 7, the supplementary control bus 228 may be configured with
30 two supplementary command bits 416 as well as the supplementary chip select 418 and
supplementary bank select bits 420. The supplementary command bits 416 may receive one
of four main commands. Three commands are suitably executable commands, such as
PRECHARGE, AUTO REFRESH, and NOP. The fourth command may be a secondary



"5 amain conmand bus for receiving a first command signal relating to a
menory | ocation speC|f|ed by the address signal; and, a main bank sel ect bus
for receiyi a first bank sel ect si gnal speC|fy|ng a first bank
corresponwoﬂg“f‘%“ 840 the first command signal; and a suppl €IEesH2@ONt r Ol
interface, conprising: a supplenentary corrmand bus for receiving a second
command Cgmgmtl indfvatogi 62Q, heefersglo bl in otiisaemhbodigmeat 250 EXEHNDUS BXEENDI

general command, and.a su bank sel ect bus for receiving a second
bank si élﬁﬂgnaéffeﬁ ey £0 5@8@%&%%@%‘?5’ bﬁmﬂ& ingthe next gxdeid Thvsihind
‘Signal . EBOTGD1 As MRkBRAE 1AE GRRELDEe 0BT the SARRELS! Offmbill B281 T Fhe 11 @
slot, requesting activation of a row, 1n a second tine slot,

r equest serpndaryaooweamde fmay commpisy ahp(aapnopnaucrconhmrﬁs raich raS\&EIZBREFRESth rd

timeesl equ tion of a segond row and requesti closure the
i ror o SUpKEy 8 ROAI HAGBE. I3tk erSons Seitbifions, Of sromdiey SRR PRSP pgmprise
provi di Bemai@¥ that URESHedpori Eﬁ'tﬂettﬁhffnrc% rhafftdn@ keBOnddfl t e
second row occurs on the nain Conmand bus; prOV| I'ng a supplenentary

conmand commandsess aiap bblselected]drwtqvng acdoukug o znfy desired critetiar ow occur s on the
suppl enent ar

. AA. Asr . AU@ fuﬁfierﬁre W]&g,&ﬁ{ 1*11]&}51;6 S athg sgcendapy comamand 622 may indicate another
A><~yt oj eomvbfidfsiRkaag, atica maheada daalsakecahe élirg%:‘é@: U]mmeﬂx]d mdlc%gr 724

U c”a]c l%XT cal ca% ca] ca] ca] ca] ca c a ] ca] c™al cal]

()16, p( ND2).1 1FlRo Birtdary t csj 26 oadycthips djec ajseméd ad ¢hd 6allovang ajycle] ca] ca
U 2] calih o Sk A Aherbe koS Blaghianh sa b absaked n asag #0007

<\ <<<=488ired\V>TRENRBHF To k2 \cmﬂaahsc bé akigal Gatrot %%]1&; : opgﬂ caj ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caJca] ca] ca] cal] HH( 1 EJJ 7KKL
3VhNNOPsFsssmandbitsTf UUWAWATZZ\ \ \ \ \ { vql gb] X] 1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

| cal cal caul o] goithaRl Spbeabed G 68 Rk PihaRl AL SFbsa) Galhsalea \

\B\\ 87; AA |
a! aDilahadi] é:bcmauﬁe@eﬁﬂfe}mwtﬁnﬂnebﬂsmekd tbaahfid hfhstahfeali&PiL thedliseal cal ¢

a] ca] ca).ca] cal cal] ca] calU] ca] c a] ca] ca] ca] ca] ca] ca]ca] ca] cral cal] ca]ca
f%fY]g h ]F ]S]@?IEJ]‘ZI@éLW%ﬁﬁLh@U]@@]@eeILfaP;(S%%)d Ynddsdx(fn tiec sdksadt hievdy.ca] ca]

cal] caret g@?{l@f SRPE R B B S ahd F SETRT SSRHE A BT O
& () FyBBlinirRaOCArhieisof NRARICU! GhtdbRraipchin o A Ehkfnky ndl L0%+

& ()-4 %10%/ [Kyrg\=1"1109%&
10H=" 10 ﬂefa é%bmn( ) Furthermogg,the( 90na@mfm&s (showa in the various figures

20 contained herein are intended to represent exemplary functional relationships and/or physical
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couplings between the various elements. It should be noted that many alternative or
additional functional relationships or physical connections may be present in a practical
communication system.
The present invention has been described above with reference to a preferred
25 embodiment. However, those skilled in the art having read this disclosure will recognize
that changes and modifications may be made to the preferred embodiment without departing
from the scope of the present invention. These and other changes or modifications are
intended to be included within the scope of the present invention, as expressed in the
following claims.
30
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an address bus for identifying a first memory location;
10 a main command bus for transferring a first command
that relates to the first memory location; and
a supplementary command bus for transferring a
second command, wherein the second command does not relate to the
first memory location.
15
2. An electronic system according to claim 1, wherein the second command is a

PRECHARGE command, and wherein the supplementary command bus comprises a one-bit

bus.

An electronic system according to claim 1, wherein:
the main command bus transfers location-specific commands; and

the supplementary command bus transfers only general commands.

An electronic system according to claim 1, wherein:
the second command is a secondary command indicator; and

the supplementary command bus transfers a third command after the

second command.

An electronic system, comprising;
a processor;
a memory having more than one memory location; and

a bus connecting the processor to the memory, wherein the bus

comprises:

10
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the supplementary command bus is further configured to transfer a

third command after the second command.

8. A memory having an interface, wherein the interface comprises:
a location-specific command interface configured to receive location-
specific commands; and
a general command interface configured to receive only one or more

general commands.

9. A memory according to claim 8, wherein the general command interface is
configured to receive a PRECHARGE command.

10. A memory according to claim 8, wherein the location-specific command

interface is configured to receive location-specific commands and general commands.

11. A memory having an interface, wherein the interface comprises a general

command interface configured to receive a general command.

12. A memory according to claim 11, wherein the general command is a
PRECHARGE command.
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one bank, further including a general bank select interface configured to receive bank
10 address information for the PRECHARGE command.

16. A memory system, comprising;
a memory controller; and
a memory in communication with the memory controller, wherein the
15 memory includes an interface, comprising: .
a main control interface for receiving a location-
specific command; and
a supplementary control interface for receiving a

general command.
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17. A memory system according to claim 16, wherein the general command is a
PRECHARGE command.

18. A memory system according to claim 16, wherein:
the general command is a secondary command indicator; and
the supplementary control interface is configured to transfer a

secondary command after the secondary command indicator.

19.  An electronic system, comprising:
a processor; and
a memory system connected to the processor, comprising:

a memory controller connected to the processor; and
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select signal specifying a first bank corresponding to
10 ‘ the first command signal; and
a supplementary control interface, comprising:
a supplementary command bus for
receiving a second command signal, wherein
the second command signal corresponds to a
15 general command, and
a supplementary bank select bus for
receiving a second bank signal specifying a
second bank corresponding to the second
command signal.
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20. A method of accessing a memory, comprising;
‘in a first time slot, requesting activation of a first row;
in a second time slot, requesting an access of a memory location in the
first row,
25 in a third time slot, requesting activation of a second row and

requesting closure the first row.

21. A method according to claim 20, further comprising;
providing a main command bus, wherein the requesting activation of
30 the second row occurs on the main command bus; and
providing a supplementary command bus, wherein the requesting

closure of the first row occurs on the supplementary command bus.
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