5 August 2006 NMETHOD AND APPARATUS FOR SUPPLEMENTARY COMVAND BUS Field of
I nvention The invention relates to integrated circuits and seniconductor
systens, and nore 5 particularly, to accessing data. Back% und
I nvention Many el ectroni c systens use nenory to store info nDry
devi ces i ncl uMETHHODAND ABBARATUS FOR SHPFLEMENTARY eoemnm)cnus he
system An ordinary interface 10 provides several inputs and outputs,

i ncludi ng various bus connections to accommobdate nulti-bit transfers in

parall el . magmgthﬁ, menory devices typically include a command bus

and an address bus that transmt comand and address information froma
dontrol ler to Theeinvention relates e intppratedycirepits andwamiconducton gysbeas/ ahdyinpes

i ncl ud having 15 three command signals, ordinarily
row ad resp%ﬂstrogéﬁf%gfﬁ“é#ﬁm address strobe (CAS), and wite enable
(~V\E) and several address signals, including row colum address (A X 0]),
bank address (BA[l:O!ﬁ, and chip select (CS). The command signal s decode
yi el di ng un h as ACTI VATE RON COLUWN SELECT with

VRl TE/ READ, AUTO REFRESH, SELF EFRESH,
WAKE, 20 LOAD WBS@“’ ‘tR" o Mermory clude

[
sat ur at e " taneintepficand/ mhdmﬁ&atbuﬁuh btlm- telengent Of the) %fdfahpuhbb&ﬂﬂiﬁjdmeﬂécé he

mem)r)i device. For exanple, referring to Figure 9 lustrating 4
si npl ilPi e®rowdRsr £ vaTal dBRULE raBE catputs,f inchydingdvariovs i bug tpmnwms tdi mammate

page m ss Clans r tion 90Q, of d o/fromthe ne
devi ces rglgﬂﬁlﬁ’zts ong&iﬁp%frﬁgﬁzgl %agﬁﬁﬁ n&&prygp IXdH?lngsaé’?

one READ bus Wl dicaddveseius Batiraremitt anad ad ddarésbﬁafaﬂh:u{a& ﬁ&ﬁraee%‘huéﬁéﬁo
913. Bank selection data is transferred via a bank selection bus 924

PRECHARGE thegnematy device or t he sel ect ed bank 915 is then asserted to cl ose

the selected b h |mef9 hr
comands, homeq:eléf xaH]%IE ﬁna{ﬂr' E?aEt e | smt%!ﬁd%ta& %%‘i?%ﬁ&ﬁ’“é?&ﬁwﬁe
is a bSirsthred zmmfamﬂ elgnaldabnalm’iﬂly hu@address&irebé (Mﬁt@ldmﬁ BidrBs stiaba (bAS),920
runni ng at ou q&)gq \&_g af the commgnd/ addr ess bus 922. This is a
sinmplifi ea" {WE).cnd spyesal addresaignals, ineludiag sew/colusnr address (ALK 0)h
interl eavs&mmaefémt[ﬁoi)t‘smvm S1ect R8S8K STCeoHbhdl figndif'8ecRBE LRIARE slerdl"®
commands, such as ACTIVATE ROW, COLUMN SELECT with WRITE/READ,
PRECHARGE ROW, PRECHARGE ALL, AUTO REFRESH, SELF REFRESH, WAKE,
20 LOAD MODE, and LOAD EXTENDED MODE.
Certain access processes saturate the command/address bus, limiting the
throughput/bandwidth of the memory device. For example, referring to Figure 9 illustrating

a simplified memory access process, if the addressing patterns dictate all page misses, each

burst transfer operation 900 of data to/from the memory devices requires one ACTIVATE

25 command 910 for the row address 911 and one READ or WRITE comrﬁand 912
corresponding to the column address data 913. Bank selection data is transferred via a bank

- selection bus 924. A PRECHARGE command 914 for the selected bank 915 is then asserted

to close the selected bank. If the burst size does not allow time for three commands,

. however, the data transfer rate is throttled. A common example is 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



menory system but it serves to illustrate that each data bus burst
transfer operation 900 1 5 August 2006 provides tw conmand/ address sl ots
910, 912. Because three commands are required to effect tEF trapiéig,
however, the data bus efficiency nmay be reduced to two-thi UG
capacity. 5 Sunmary of the Invention According to the present invention
there is provided an el ectronic system conprising: processor; nmenory
having nore than one menory |ocation; and,10 a bus connecting the processor
to the nmenory, wherein the bus conprises: a main command bus configured to
transfer an address-specific command, wherein said address-specific
command is associated wwth a specific nenqéyBlocation; and ntary
I

suppl ene
conmmand busPTE¥iRFS Gt eempyndjaddressesloly 9Jdndl4l Beeatsa thgee comaan %a'?afji%ﬂmbféinté’r al
command IS &rdphAEHEGS nGWEG: | fh%_&a%rﬁ&gﬂefﬁcﬂeﬁg ey B RGN ANAQuRFR\drdRS 2
menory having an interface, wherein the interface” conprises a general
command i ntaphdtye configured to receive a general command, and wherein the
general command i s a non-address specific command. The invention al so
provi des a nmethod of accessing a nmenory, conprising: in a first tinme slot,
requesti 89 @ehinbdl loPthé¥nv@nfibi St row, in a second tine slot, requesting an
access of a nenory rocatron in the first row, in a third tinme slot,
requesting acti vaedoodingf toa thee puergnt rinvensind therguéss tiregided cany etectrppict pystqm,
row. The invention also provides a nmethod of accessing a nmenory in an
el ectronic % " conprising: accessing a specific location in a nenory,
wher ein the menof proeeydpy;i ses nore 25 than one menory |ocation, and wherein
the specific nmenory |location is accessed via a _nmain comuand bus configured
to transfer an oRl@iemosy Bprdrg mote hannppharemeet osiiamand general comand, via
a suppl ntary ¢ , I omrand i s
a non-aggfess-sd%@#gﬁﬁg%gﬁ%é%ﬁﬁ“%ﬁﬁ°%ﬁ§$%ﬁ%“%%¢ lﬁ%%%ggﬁﬁg%gn ?%ggforning
steps occur over a btgaif@bmi&ng bukig@ufigétet Qo transfer an address-specific command,

wherein said address-specific command is associated with a specific memory location; and
a supplementary command bus configured to transfer a general command,
wherein said general command is a non-address-specific command.

15 The invention also provides a memory having an interface, wherein the interface
comprises a general command interface configured to receive a general command, and
wherein the general command is a non-address specific command.

The invention also provides 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

20 a memory location in the first row; in a third time slot, requesting activation of a second
row and requesting closure the first row.

The invention also provides a method of accessing a memory in an electronic
system, comprising;
accessing a specific location in a memory, wherein the memory comprises more

25 than one memory location, and wherein the specific memory location is accessed via a

main command bus configured to transfer an address-specific command,

performing a general command, via a supplementary command bus, on the
memory, wherein the general command is a non-address-specific command; and

wherein said accessing and performing steps occur over a bus that is configured to

30 facilitate communication between a processor and the memory, and wherein the bus

comprises: the main command bus and the supplementary command bus.




30 facilitate comunication between a processor and the nmenory, and wherein
the bus conprises: the main command bus and the suppl enentary conmand bus.
2A - 5 August 2006 The invention also provides an electroni¢c system
conmprising: a processor; a nmenory having nore than one nemoy4Ug¥tai%n; and
a bus connecting the processor to the nenory, wherein the bus conprises: 5
a data bus for transmtting data; an address bus for identifying a first
memory |ocation; a main command bus for Jyansferring a first command that
relates to the first mnmenory |ocation; and a suppl enentary command bus for
transferring a second command, wherein the second command does not rel ate
to the first menory | ocation. 10 The invention al so pr.ovides an electronic
system conpri si M inventipnsdsogyeyidesanglpgiFopigsisteny CAPPESI8an one nenory

| ocation; and gaﬁ;g,%es%%%ﬁéﬁia lﬁbﬁgﬁ&gm netn?entl%ﬁ é{i%?ﬁ%yand"‘herei n the

bus conpri ses: I'n cénma us c Igured to tr an address- 15
speci fi ¢ conmands besnsbnaectingphepmotsaoytothemencri)weheeainf | gured to transfer a
general command. Thg 'hnventi on also provides a nenory system conprising:
a menory control | er;MERES ORGPy in communication with the menory

controller, 20 whergifl, bherRIRENitiRE HEES AArdsObBE fR GGeontiFANP b fitstHeméry
mai n control interface for receiving a |ocation-specific command; and a

supp! ement aoyaton trmhbini conenist bug for ractruing frsyerremand dhatrmalates THbe first
i nvention al so rpvudes a, met hod for accessing a nenory conprising the
steps of . DEMBORFHM,a £t st signal on a supplementary chip select bus,

wherei n asserti ons@ipléhiéntiry’ ©dmBhdinBhs & hHRfEHRP laedPBAiEEYmETIND, FAbREL tHeus
executes a supplenmentary Command on a first nenory bank, wherein the first

menory bankserend esamembdasy noyreldietof the Sirstanegrery lesstiohe suppl ementary chip
sel ect bys and arl%eei%\ggnqio?l' ags%aplrosllﬁesa 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: a main command bus configured to transfer an address-
15 specific command; and
a supplementary command bus configured to transfer a general command.
The invention also provides a memory system, comprising:
a memory controller; and
a memory in communication with the memory controller,
20 wherein the 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.
The invention also provides a method for accessing a memory comprising the steps
of:
25 asserting a first signal on a supplementary chip select bus,
wherein assertion of the first signal on the supplementary chip select bus executes a
supplementary command on a first memory bank, wherein the first memory bank is
designated by the first signal on the supplementary chip select bus and a second signal on a
supplementary bank select bus; and

30 asserting, via a main command bus, a main command on the first memory bank.



suppl enment ary bank sel ect bus; and 30 asserting, via a nmain command bus, a
mai n command on the first nmenory bank. 2B - 5 August 2006 The invention

al so provides a nethod for accessing a nmenory conprising the, ste of .
asserting a signal on a supplenentary command bus, mhereini%?#%ﬁfigw of the
signal on the suppl enentary command bus executes a suppl enentary conmmand
on a first nenory 5 bank; and asserting, via a main command bus, a main
command on the first nenory bank. The tqﬁfption al so provides a nethod for
accessing a nenory conprising the steps "0f: activating rows and sel ect
colums for nenory access operations using a main 10 control bus; and

cl osi ng banks of_nepory_ using a supplenentary control bus. The.inveEtion

al so provides a F& WYeNHQYalstRe¥iics g n%FﬂFﬁSlrﬁ%F YOCESHRS P SHERPIY (FemPIEng the,gteps
asserting a,first signal on a supplenmentary command bus, 15 wherein
assertion of 'the first signal on the supplenentary command bus executes a
suppl ement ary comsvericig arsignal on s suppiementadyaokimanddue) wherbia asseponf the signel ng
the first signal aon the suppl engntary conmand, bus further conprises

packet | 21 ngobiICEHEPISDENETESABNTER PHS SHIGHICE » SHRRITRtary cqgmapi n2 (i) emory
command Buspg&: g N command on the first nenory 20 bank. The invention

al so provides a nenory device having an interface, wherein the interface
conpri ses a genetsatrtiog/nianadndimeenace bes aimajy cerimand padled fust megmenebak.

d, d wh ' devi | device. .
vant onal so oV oY PREATeE RENBRy 0 Fes LGy gt AN sSTprttE e v

25 interfacgrconprises a general command interface configured to receive a
general conmmand, and wherein the nmenory device is a SDRAM nenory. devi ce.
The invention al adivpling irekss and weieel golamps der BISMOTY SPFRSS ORATAIARL HFBE S MANY
S confhgur&gu&gb&ggﬁynlcate wi th a suppl enentary control bus,

closing banks of memory using a supplementary control bus.

The invention also provides a method for accessing a memory comprising the steps
of:

asserting a first signal on a supplementary command bus,

15 wherein assertion of the first signal on the supplementary command bus executes a
supplementary command on a first memory bank, wherein the step of asserting the first
signal on the supplementary command bus further comprises packetizing of the
supplementary command,

and asserting, via a main command bus, a main command on the first memory

20 bank.

The invention also provides a memory device having an interface, wherein the
interface comprises a general command interface configured to receive a general
command, and wherein the memory device is a DDR memory device.

K The invention also provides a memory device having an interface, wherein the

25 interface comprises a general command interface configured to receive a general
command, and wherein the memory device is a SDRAM memory device.

The invention also provides a memory device comprising:

an interface that is configured to communicate with a supplementary control bus,
wherein the supplementary control bus comprises: a supplementary command bus, a

30 supplementary chip select bus, and a supplementary bank select bus;

wherein the supplementary command bus is a one-bit bus that is configured to



wherein the supplenmentary control bus conprises: a supplenentary comand
bus, a 30 supplenentary chip select bus, and a suppl enentary bank sel ect
bus; wherein the supplenmentary conmmand bus is a one-bit bus that is
configured to 5 August 2006 - 2C comunicate a supplenent%ﬁ?gﬁ%ﬁﬁ%hd bit,
and wherein assertion of the supplenentary comand bit causes execution of
a PRECHARCE command on a first nenory bank that 1is identified by signals
fromthe supplenentary chip sel ect bus qqgjghe suppl ementary bank sel ect
bus. 5 The invention also provides a nmenory conprising: an interface that
I's configured to communicate with a supplenentary control bus, wherein the
suppl enentary control bus conprises: a supplenentary chip select hus, and a
suppl ement afSIBHRIRAE & BPplemeatarykamaiand it ayd mherein psseHonsiie sHelemegtaghi p

sel ect bus gﬁﬂg > ' . ﬂﬂﬁ?%ﬂﬁ ﬁﬂﬂmﬁ@ '

bank that 1sI gﬁ%???%%%ﬁggggéﬂngﬁgk e g%%% enentg?gq%ﬁﬁ%kééﬁ%ct E?
and t he supplidgemtificdby shxnals faeh det supplemearetiap seloctibus ayd tlensupplearediangbdnk
vari ous enboginﬁnts of the present invention includes a nmenory having a
| ocat i on- sp¥e§t P&S-command i nterface and a general conmand interface. The
Menory may ComMUphCRlenntdlsdirBeiieSORRAEP LSmprkipdle Systemvia a main 15
command bus configured to transfer address-specific commands and a

suppl ementary  commerthch ubatas wbnfignredita commanshter wigle asupplensntaan dentrol bus,

Commands may, be. recei ved by the ry simultaneously at the respective
nterf aces. VEIFITPE SUPRISMEH RGPS SRR 4P STy et P and @
gener al coma@ﬂ&g&*,gﬁg@sem%@&a menory access isS received on the

| ocation-specific interface. 20 Brief Description of the Drawi ngs A nore

conpl et e under st wheteimgadivatie ofrtbe supplemeriary ohipngjech dudetausesdexpgution of a

referri t iled d [i ion_and clai n,;c i [ '
connect ili]gn mﬁﬁfﬁggﬁfco "%Wf\éniqoﬁfgtlpgq]%ye{)%kgﬁ?&, leﬁlﬁg%dﬂg'ygﬁg@gboél %hg‘
scale. In tagpleaientiy Bmﬁlﬁbﬁutrtﬁﬁ,anhitﬁeesupaﬁnfeﬁfaeyBﬂﬂ@selﬁdﬂbﬁs refer to
simlar elenments throughout the Figures. Figure | is a block diagramof an

el ectroni ¢ syst ef #isHpdicnyystea 9eording taypaeyssepodiments of the present invention
includes a memory having a location-specific command interface and a general command

interface. The memory may communicate with other components in the system via a main
15 command bus configured to transfer address-specific commands and a supplementary
command bus configured to transfer general commands. Commands may be received by
the memory simultaneously at the respective interfaces. For example, a PRECHARGE
command may be received on the general command interface while a memory access is
received on the location-specific interface.
20
Brief Description of the Drawings
A more complete understanding of the present invention may be derived by
referring to the detailed description and claims when considered in connection with the
following illustrative Figures, which may not be to scale. In the following Figures, like
25 reference numbers refer to similar elements throughout the Figures.
Figure 1 is a block diagram of an electronic system according to various aspects of
the present invention;
Figure 2 is a block diagram of a memory interface and a bus system,;
Figure 3 is a block diagram of a main control bus and a supplementary control bus;
30 Figure 4 is a timing diagram for consecutive memory accesses;

Figure 5 is a block diagram of an alternative embodiment of a main control bus and



the present invention; Figure 2 is a block diagramof a nenory interface
and a bus system Figure 3 is a block diagramof a main control bus and a
suppl ementary control bus; 30 Figure 4 is a timng diagramfor consecutive
menory accesses; Figure 5 is a block diagramof an alter natd AewhBE nment
of a main control bus and 5 August 2006 - 2D a supplenentary control bus;
Figure 6 is another alternative enbodi nent of a main control bus and a
suppl enentary control bus; Figure 7 is a44mng diagramfor providing a
secondary command indicator; 5 Figure 87%s a timng diagramfor providing
a tertiary command indicator; and Figure 9 is a timng diagramfor a
sinplified, illustrative prior art nenory access. Elenents in the figures
are il ustraswiplepgtayepnirelibus; and clarity and have not necessarily been
drawn to scale. exanpl el ERE f ] t he
5 August 2006 fﬁ Erree)sgS rrr{gyﬁggfegx%gger%?e rﬁ%cpgjtelﬁf\?(ra&tg g{aﬁgrﬁgﬁgﬁeﬁ%?sh?oa
hel p to i npsuppemendey sdp@rudibng of enbodi nents of the present invention.

Det ai | ed Descri plg.i on 5 The present invention rray?rﬁ%rdescri bed in terms of

functional bl ockFigBtpoiidriningsiperaym forqrevidingasics % eapRan&idicaiinct i onal
bl ocks gy be r epli a0 IMiARY dUERE TodfrovidfleheRifirPBsnS12hd BREGGORRPNENt S
configured to performspecifie unctions. For exanple, the present

i nvention may enkigose Yizrai toning diagran dont ssimplifjed, itestmtiye pliemarhmsmorytesessace
el enments, logic enents, .buses, pack cgnpect.i ons, an he |ike, which
may carry out a ﬁﬁn\?& i’é’t@eo?‘gllmﬁﬁ@f‘? 6ﬁ‘gs%ﬂ‘r?ge OTt%@PEE}Hf PB& cg?’rﬁgnaéldopavr?o?%t
processors gdce¥afRf b&eAtrawh 161834l €Bor dxamphs thd diditnsibhe oPSRSE BE thie BY@RENtOIM
may be practiced i'n conjunction with any nunber of storage systens and
data transnhgsi on medi a and protocols and the systens described are nerely
exenpl ary applications of the invention. Further, the present invention my
enpl oy any nunber of conventional techniques for data transm ssion,
signaling, data processing, 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 present electronic system 100 conprises a systemusing a
menory, such as a personal conputer system The el ectronic %éﬁg@ﬁ?(ﬂﬁ)w&y
conpri se,figuoesemay be znyggemitedbdlative! osthanélements te tlpa0 ifpedveasnderstanding of
conmuni cat i,on. syste conput.ing system entertainnent system control :
system S @Y 8¢ PFSFtANRAMCBe, audi o conponent, appliance, or factory
control systemand the various conponents may differ according to the
particul ar system and environnent. The processor 102 generally controls
oper at i oDetailadBeseriptiononi c system 100, and may conprise any appropriate
procegsor or ntroller, such as, a Iné?e(i . Mtoro|a, or Advanced Mcro 25
Devi cBs nicr oﬁ?ﬁc?é%s%‘r‘.‘“f?%‘@d%v %Q?SFE igterms; offunctinnat block componeptsiaad
repl aced vay Vi , Sgh L ogi bl CLLT Lhite

al t oget her. Ol‘%}gﬁ%\gﬁgﬁybg g't em 102‘@8&%& lglgcgl&saﬁlébr Oﬁ%géaﬂégéf@maﬁ%rn%@bgi io&g
data. Th&ardeare gnd sofiwasercadponeats configuied ¢o perforapsgpesificddfuactioiE MPoye &€m

for stori ng %g%g and transferrin data between the nmenory system 104 and
t he proc&sg INEHOR JNAY FTPI, SRS COmPODEMS,36:2) 1BIBORY elgments rinterface he

Menory s yiheiits] Mbié BRIARS baRS, RSy 2 y
controller 212, qihrlld‘ a bugssyst eﬁn%(:ll(%e.y@ql'he nen}érbﬁﬂytﬂgﬁﬁ(rcbl erhﬁ&%%ﬁs
acced@ t yariety of futictignsiender theagontrol of one @mmore processdre onetier sonmoll déwees? 140,
and may .01 further functio and .operations,k as 1. The menory
control | g?élé%}%ymggﬂdp}’gﬁm&@ayn@e Bragiitsgdp @BUB“‘%WX@@PE ngbst of storage
control | gystérfy asddh ' it t :

&¥s th Qtdus s RACHSSia lddd tobBH Al &H??Z%@’?ﬂ ?}&rorlb ar® Wierely

enbodi ments, the nmenory controller 21Z may ave IS

f unct i on§xemplaryorppdigatigns afhtbe isyentiom dfurthonethe presehicinvention nmy cuhpley 24P may
[ toni de h 5, M  SRAM DRAM SDRAM
or "oy o fbers P bl final Ebaltiol Fu sk iahndReiPn, dispalits. ssth Reokessman bus

menoly noohttodsandthe Liledpri se doubl e data rate synchronous dynami c random

access nmenory_(DDR SDRAM nodul es from M cron. For exanple, each nenmory
nodul e 210 suREEHIEE toFighre bsamelnetipnie pystatn COBcEDRING torvasions bépecisafithgur ed

f | . T 210, h [
appr opr i BieaeH gueEaubhahdy ilchie"E BRdcendiR Y02 s, ebty plomy Y. BGResSean
a nul ti - cloctpamic systetnvi0Oecomyirise@ AySRM hyiAE aO:iutaﬁlbﬂf, a46h A8\4 pé@scHal eERphYeF -

The mem)r}/ nmodyl es 210 interface with the res
system. The electronic system 100 may comprise, however, any suitable electronic system,

20  such as a communication syétem, computing system, entertainment system, control system,
portable electronic device, audio component, appliance, or factory control system, and the
various components may differ according to the particular system and environment. The
processor 102 generally controls operation of the electronic system 100, and may comprise

- any appropriaic processor or controller, such as an Intel, Motorola, or Advanced Micro

25 Devices microprocessor. In some applications, the processor 102 may be replaced by other
devices, such as logic circuits or ASICs, or omitted altogether.

The memory system 104 comprises a storage system for storing data. The memory
system 104 may comprise any appropriate memory system for storing data and transferring
data between the memory system 104 and the processor 102 or another component. In the

30  present embodiment, the memory system 104 includes one or more memory modules 210A,
B, a memory controller 212, and a bus system 106. The memory controller 212 controls
access 10, including data transfers to and from, the memory modules 210, and may perform
further functions and operations as well. The memory controller 212 may comprise any



of the electronic system 100 through any suitable interface, such as a
plurality of connections conprising pins, solder, conductive connections,
optical couplings, or any other suitable coupling. 15 The bus system 106
connects the conponents of the menory system 104. The menot HUgYEELE08 104,

i ncl udi nguithsle tHEmsNSEGROHES foﬂ‘?dhtfbtllidg 46 HNMBRbL hibdald "AbS: In some
-including optical or electric signals. The bus syste 5’ nay conprise any
sui t abl e emsidiments,othe: maamadrygr contrplienfX2natayobe emitted asndiop havelitst Yortions

wres, opti&al  fi or _other conmunication nmedium In the present

enbodi me C,H%ﬁﬁﬁé h@ﬁ{%ﬁf}@@ﬁ%p?@ggneg ‘el ectronic 20 bus, such aspa serial bus

or mul ti-bit b!llfcnieﬁldﬁjﬂitﬁédulésﬂr@myymﬁﬁﬁ{s%wgysﬁé?ﬁﬁgﬁﬁ'iﬂg%%%@ﬁ'ltaﬁ I
e ed in

be attached. Communications with thé nmenory syst'em 104 nmay contro

any sti t J0M, SRaMe DRAM,L§DRAMS o tanp| csherosuitablenstoraga ctystem. udi rthe tpnesent

: | 212, ' h [ [
Pontror _ CoRlimbats - ibry SRR A cobgrise i data e, PRAIFOIE0H MG h
t he menorndsaslatces2hemore(DDR ISR XM)GREduls o Mictdie FoFeeamble; Q%rﬂé&ﬁ{y

212. The bus 106 and the connected conponents may conmmuni cate’ using an
appr opr i Zqdule 21 siitably comprises nbighrspeed OMES SPBiAIGhternatiyrconfigmpetas foure

conponen ni La.t us using a sel ected conventi onal
pr (r)r}[oocm tb%ls’%%ﬁf MSe[fEﬁe%&eﬁ%@oﬁ%qfsnzé@ga‘ﬁvﬁ t PBhSOPBIISRA2LY SRPOBRANS.

The b@is Hi¥indry orlconfiguthtion) siclc@ndd dividhal memgmfpi, & dnfltitohipohdif i
nodul es 210, For exanple, referring to Figure 2, each nenory nodule 210

i ncl udes 2BPthetYRE 0f storamsodevige; altp {Fhepmemenyrmodules?1 G fierfaod dviels the dests

ti i L on_ 326 | d
s e 5 et TRichy ST PR N SBR RGN Rrctfal o2k o 8 BREHY O onngcions.
accor di ngbmptising quins, isoide, EsNAUCHNC Bbrinebtionss uﬁﬁca@%obﬁﬂﬂgédioi‘gm? dHBdresuiBle2 20

an address hQus 224, a main control bus 226, and a suppf. enmentary control
bus 228. Mgenory interface 250 and the bus 106 provi de one or media for

i i ' h dule 2 10. h
compinent | 290 11 A BRI 305 ' 3uARte W R BIRE the ety sydiem, BRE orhe”
i nf or mat memory systematioh, ciacludialgethe itas siystemr 106, i Ay Qfilitd any aggFdphiate

4,
data on t h? c{jata bu 2%0, .and co nd signals on the main control bus 226
including optical or electric signals. The bus system 106 may comprise any suitable medium

for transferring information, such as a plurality of wires, optical fibers, or other
communication medium. In the present embodiment, the medium comprises an electronic

20  bus, such as a serial bus or mmiti-bit bus, to which the memory system 104 and other
components may be attached.

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
controlier 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



and the suppl enentary control bus 228. Further, each bus may be suitably
configured to transfer the relevant information. For exanple, each bus may
be configured to handle a 10 sel ected nunber of bits. More particul arly,
the data bus interface 320 ofthe present enbodi nent conpri sedugustgPéibit,

such as 4eonmgction328.6 T tbus d66 meayt be vorfiyurdd sovafdiiglynd MaliRtdBih@anicaiGd
fromthe &ﬁta bui 20. J;Ee add@ss buqs i nterface 324 of the present ’
embodi ment' Qo Ficduding, 2 dat,bus 220, anaddesss rhws | 224a@n ain kentrelhbusg226, and a
recei vi ngsupplénteidarg @bhtid) bagdgdpgss infortnation to select 15 one |ocation out
of the menory array 210 in a selected bank. The data bus 220 and address

b 2 o S o P08 ok b o ks W hehiBrehify 1) 2
and t%g s@%‘%ﬁ@ﬁ?ﬁ?&?&}é oot |mﬂ&@z’?@f‘iﬂ%ii&_M&m&wmt&%;%@%%zs
Comandy iy ensiTS aQelceRd ipe S MRlubl o ARG SciR BB inforttidH n hey 1
o e R e & commadalgnals the Al Lokt o 1

Ito oopr ovi caiaé’ atrhg esgéﬁlal%gé@g'cfﬁﬁmi 3’8§ g{zsot, ’teéglhgw wayybe spitablyn configused toof
i st s Wl S N B e

general copmands, ie., commands that relate to oc
[ ocattPonse ﬁ@mﬂlﬁl‘@ﬁbltsre nodul e or an entire bank). The main control bus

226 handl I LN Lo ds, i.e., that |l ate to specific
i ndi v?guafsl.ophgﬁféo%agﬁ%uﬁg ?M@tgg‘m@w éﬁﬁ of the n?resqr?i %b?dmnggnéliétﬁ aas
Fol 8t ing 1o thoooat: b b B oRReh T6F idnsferdilf {HRTRENoR RS B Hom the,

relating fo the location-specific command may
manner , bus220, Thegwdsress bns intterfangh2d of theypreaént enfbodimert bomiphises £ PRbito!

bus 226 h Shti usi ng.r ow and/ or, col I pformati on,

typi cal | %9 B‘?‘%{,‘F‘SZ%’ %‘?‘gng ﬁ{eﬂgpgﬂ@segs“@ﬂ@ r?%?n‘{oﬁ?d‘"flﬂ Information yo seleetr of

bus 238 iose iamatiof ot cRERREDY A8ky Q'l@iﬂ‘@&cle&é@ﬁ&dlﬁtfﬂez%ﬁ 'ng 246 84 g@dré}gg A
us . ugu

i nf or mat bon,r%%and_thu,s do not utilize the address
Conmand SRy rifts ahpurablyj eanfigared etondeteriadee withi thec omemarly hoduR2081@nda t fhe

suppl emebRéshoh ik iR i,n any suitable manner; simlarly, the main
control bus %86 grﬁ‘ﬂ%%%é%%zghent ary control bus 228 may be configured in

any suitabl e Signalstan theanainTotebEbis 2260 iBE Supplefithtary ESr RIS defile ON€
enbodi nent i”é'f”ﬁ‘tedﬁur-}h . . .
commands, and may er identify the chips and/or banks to which the commands apply.
20 The commands may be any set of commands for operation of the memory module 210. In
the present embodiment, the supplementary control bus 228 is used to provide a first selected

subset of commands and the main control bus 226 to provide a second selected subset or,

‘alternatively, the entire set of commands. For example, the supplementary control bus 228
may be used for general commands, ie., commands that relate to large blocks of memory
25 locations (like the entire module or an entire bank). The main control bus 226 handles
location-specific commands, i.e., that relate to specific individual locations or groups of
locations in the memory module 210, as well as other commands in various embodiments.
The memory location relating to the location-specific command may be indicated in any
suitable manner, such as by signals on the address bus 224. Thus, the main control bus 226
30 . is used for commands using row and/or colummn information, typically provided via the
address bus 224, and the supplementary control bus 228 is used for commands that are not
associated with row or column information, and thus do not utilize the address bus 224,




5 Figure 3, the main control bus 226 conprises a main command bus 4 10
having three main conmmand bits (MCVD), a main chip select bus bit 412
having one bit (MCS), and a main bank sel ection bus 414 having two bits

(M BA). The thpee mai,n command hits, a ui tably desi gnat etABBuSh 20w

addr ess st robet‘fe)%n,d, s‘&“gg:a% dawi@ S?"P"GB% AN EorHrod Bysi 226 andathee
(VE). I n bliwl ' : ' . ' Lses
& T 10 T Aty lcoRlTONIsTEY in SruRbl sk \Enffty, e Hibin Son 3D 228
appl i ed, &l thehsuppiempitarynaontrol clhisp228: Ineeyt bb uonfigireddianbny isaBablé emérer tant
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rel evaht Bigures)dhé afai HAsRhe. . .
suitably ctgrrpri ses a“}sggﬂtlmgrrent_ gﬁfog@ﬁm% Eus %@ %%%§0h‘3wgg3*ﬁ|%éﬁ%ﬁﬁary
(15 ch |) p sesmmandbis M&M%)@mﬁmddp aclsctptpiséitetmmdgjaoﬁ; sie(MaCS)) lamlpuwo
S-BA) . | | .t S { ontro us 228 solely

oo 11t at oRRecBRPR FEbaving fud bREREIR}: e fliremmionommgnct bieps suitably
oper at i ondesighatdadmt 4 Yok Caddp@s ' it b @diressC &Rdbe”

t he rrermré);ag?hou h the PRECJ%AI%@B%&?; 'i‘gﬁbtr'fian%corrprﬁbse an&cgéajpp#gp%l aée
process f@mblsd -HQ@CMWWJwQMnMMimbwzﬁﬁmmﬁwSWbi ng .
a 2 S state follow ng an.access. [nt present
Gedt ot cctippis AHRRRERES Bt R 18 B8 Soiehmeia b2 anpheda 306 8 opeh i

one-bit sihimedlecs bah4iDidenfificeathé rdévant cHib Forshe ﬁ?ﬂﬁ&gd bit signals
the nmenory nodule 210 to execute a Pc RGE&%:Ig %ﬁﬁ%ﬁ e bank 310A

i ndi cated by Yifulagtyy, thec sunplementaryii qontrel bus 288 smay e aconfigured! mnmnyt suitableank

selectio LV because PRECEL is the only co nd
control | ed Ey tﬂﬁ%cgﬁ%?ﬁ%gir?engg%ﬁgtgwgﬁﬁs @Eg’,‘m{’ﬁ%ﬁﬁ Feetany\corgahand
bus 416 riag 228 seitably ednpris@ge hiipleméary tdmnidi | @0 r JBmSRLAE!
bus erates ais theyPRE@CI-iARGE Si gsrﬂl . Activati o%ﬁg?gt(ﬁg@pgbglsg 1nt ary“chip
sel e ca‘&?&e%e gFt PE ARBHCECS), and 14 supplementasy ibauk seleetibnc biuspd20(S-Ba). biandne

e oo S, RS B D B et o
asserti otppfopfale Procdsir prepding £ WeHDty 6°BGtion of memory for access or restoring a

20  memory to aselected state following an access.

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 o the bank 310A indicated by
the supplementary chip select bus 418 and supplementary bank selection bus 420,

25 Alte_matively, 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 sclect 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

6



command on the original bank 3 1 OA via the supplenentary control bus 228.
Accordingly, the PRECHARGE commands may be asserted wi thout using the main
control bus 226, thus relieving congestion on the nain control bus 226 and
tending to inprpve the performance of  the menory nodul e 2 idugsstigPe

parti cul a$%mang on the-origingl bagk 3104, vis the:supplesentaty sontooldius 2280 Acoordingly,

aspects ¢ PREC YRR the main control bug.226 to
activate: Tows A sgi ect col%@%ﬁ%@%‘ﬁ PLABE °3f?érfﬁ‘?’?tfﬂi§’u‘é2€ié:tth‘§
supp! enmerrelieying oongestiorborsth2 2faih eontreltas 226 ls6d tedlinFR89mprovethe perfdiiafice of
referring,to Figure ninitial menory access nmay be perforned by

.4, %
i dent i fyiRGTEMETY BRAYE 100k on the main bank sel ection bus 414, the
rel evgnt chip ; i ' the rel evant nmenpry
row on the add@ggiﬁ%ttﬂéQZ A,aﬂgn hBB?%b/’lﬁ g#n@%%’éﬁ%@f@%& W‘c{‘ﬁé‘smngn
command Mfsthe Jesent invientient mayneseTthe Main comml ik i 26l 16 bARaEA TGS bid selbbie
suppl ener%mﬁon.rol bus 228 recei \P/.&g a NOP command to_prevent any
unwant ed EFPBRNLRSCRY GRStAtong audithg supplementary contral bus\228dntclost banks
228. s finheidryd FoP Exdmpit, fert R ¥ iniflaSRER r ces
operation may _lgg. i ni tdi'gi%[ée’dregt a se%lgg%%ﬁeaﬁrrﬁ'}@aﬁg‘éa. yo% 'éaﬁﬁ? P%’?‘B’HFd
bank. Acddridénidyipg therwsleventdrak warthe mairl mmitseiaotiombbusie 4, dRteicvimtEhior e
mai n ﬁhi WI ct %u%Eﬁlz Jrai n &ank sel ect bus 414, and address bus 224,
and the B AHCREAS 812 gadrihe; tievant nemery Hows g cthe addessy busr 224, sad vi a
t he mai n peeAMBE the USCTIGE | BRSthE3 d b4 h I ntary
20 control, bus 228 may pt(;%ii/gldg(la'&é %M@(%w%lgegt érgvfgg% ?Igc ssed
bank to Substansialiy hessamel time; tthe supplaméntarmncohieolibus 22 ireives IN@PRBABSMHA to
operatio X I t he rrevi oyslLy accessed bank and chip are
identifigldﬂgﬁ{?rﬁ’ea'g}gﬁtg?%ﬁﬁ %%ﬂ)eyé @&tﬂ%ﬁf Sothe supplementsty eontral busr v
chip sel 228. bus 418, respectively, at time T3. The PRECHARGE command is

provided on the supplenentary conmand bus 416 to initi ate the precharge of
25 the previ olfellgwmgcths saitiab memonpidceesshe seemdnmehpnk atcesdeipe@tion GRSEBE Vi a
the main;gc 226. The command.set be apperti opned and/ or shared
by the nﬁnﬁﬁ&%%ar %%33@%@(:%9@; Eﬁﬁum} %agﬁk?%;@ﬁk-aﬁfc ﬂﬂgﬁblmﬁﬁﬁ?oﬁmcmfhny
sui t abl elowatioremay fberidentiFied o the iaif SHTFRYRIE: BRY 410 6ms; ! of
t he conmmapds requiring the address bus 224 are as’?‘e’?‘?? visa}étsﬂ'élisg@4hgill&rl
cont rol ess s 22Aqangd theoh CTREE gochREAD orfWRITE conimarnelyrhayebé beccaskivebs s
bus 224 : : 2 | Lth t he sunpl t coptrol bus 228 or
the ma nﬁ%%co rfltcpglraatgg S%a&tggo%(g ?:us £10 & nd P and 14, Mednwhi e, 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.



t he device providing the coommands, such as the nmenory controller 212, may
sel ect which control bus 226, 228 on which to provide a conmand accordi ng
to any selected criteria. 7 5 August 2006 Alternatively, the conmmands nmay
be restrigted to assertion on either the main control bus 2288t 206k

suppl ene atpvshy, (the commands mayrbe restrictadrteradsertioy onecithep tiet inainecbnirot bus hat

| d I ' | b 26 d
et i< aa2g ot CHE SeppmeERFLonE) B 2l lr 0 coipofl Bisy beapporiened sich thor

set nay acaesef tomimandseis tabsiteld Waly bn &OmAidGonRbl 2326/ a TSR Yet TP MbRed
I nterface FS , the gﬁl n control bus 226, and the supplenentary contro? bus

0
228 may SE-omthegiwpplementay wontipk bus 228 while a thind fsetcinky tetassertad oar dihen bus
the cemmngsysas apportioned or shared. In the enbodinent in which all
comands not requiring the address bus 224 may be asserted on either the

main_control Sisilady,22@enery { hedslephhaeRe! 250 ekl ol s I3 and the
respectlv&aﬁontrol buses 226, 228 are suitably configured W th Sufficient

bits to ACRRISHERIADContEol rusc28 mayo heonfigured incanyesuitablee mannerf & ifacikitateo
Figure 5 . at.e nine co ds, such tha
three corarsrrsgﬁg)gn?g%%re %He&aéé%g@ Qg‘g&%g]}g ﬂbhﬂh&%ﬁ‘ﬂ%%,"‘%ﬁ@ al
VRl TE) anomsiards natmoguiciag diee sidress bus 224 mapeRlsiirted MUBRFRRAThN coftriHus
TER TE? 15 PREQ-}g«gRKGE AUTO REFRESH, and LOAD MODE REG STER). To
accohhod4t otthe supplementsry comieol bus 228therespastive contrel trse 226y 228 arsoitablyr ed
with fou i sl 0N upol ntary control bhus 228 .is
sui t abl y&():on% i gurq'étg év‘\ﬂi lel?h%deﬁ{:%ér%?an ] t@g r? gg%g'?:tc égt h€°rs?’5?ml’1°»
commandsreferaing do Figure 55 thetthemejdmeditle 206 n23accoinddbR iR EoBmBRROHIcHRRLS

t he nunbgr_ of pins, may .be redquced by recontiguring the 20 conmand set an
t he main déﬁE%‘f“éFr‘;'im @gﬁfm@s&%&wb Al REAReanchWRITE} end €i50.

For exangdfimahdie deO BB TEH BPRET! 11§He t WS,

requiring the addressqg%sn%llﬁgég assér@dé(Whg@.% I J%%NE’

cont ¥l CHARGENAYITO RERRESH)r &nlcDD ABNMOD BREGISTER) TS aShoiatd Y 226
ured to.,handle only three commands_ (ACTIVE, READ, and WRI TE),

?Eeléuib?i ?]%R%)Irﬁ%W’CMH‘ Bo %}% ey bt eenfigneed with; four sommand bitsot her
S S RpuS el e 7% e ARETER ok B A
sendi ng 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 cornmand 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  in Figure 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 feceive one

of four main commands. Three commands are suitably executable commands, such as
PRECHARGE, AUTO R.EFRESH, and NOP. The fourth command may be a secondary

8




consecutive signals for a single command, such as for |lower priority
commands. For exanple, referring to Figure 7, the supplenentary control
bus 228 may be configured with 30 two supplenmentary comrand bits 416 as
wel | as the supplementary chip select 418 and suppl ement aryABERk28¢4 ect
bits 420.° éQ’yl' g 1 this Jepsbodimente esi EXTEND1.of EKOENDRI n

IR
PRECHARGS™ ROAEs RAFRRRY Birfimtty 522 sV RE: % St e beicrvstc oftus f 6

5 August EXUENDdoismmaniitied, Cihe Ofiex® 2Scle’ 8ritaing dhi %e&&hcfapjf Tofud ??f.'t P
nates a secondary command 622 fdllow ng, for

EXTENDI , EXTENDI desi >

exanpl e, SPYPNOARY W@Wﬂ&i%dw COTRpIase 1y apErOpEat corameands, such ae SELFIREFRBSH,

cycl esconwai Y1,C 6 The econdary commands nay .

conpri se aﬁﬁﬁ%?@ﬁ y@%%ﬁgﬁ &gﬁtc %ﬁ%a@%ﬁ%w Fompgs

MODE. | ncoimeande sienttare towei peidtity thia mecmﬂﬁaédfnﬁﬁﬁa@n%&ﬂﬁg{ b selopRRNds
an

that are lower .priority tEan the main conmands. The main secondary

command SoMTapd setp, may bieselegigd, howrves according tolany desiredreyitetizsi red criteri a.
Furt her, refey ' e egsecondar onma 2 may [lndicate
anot her cormgn fbﬁfg{\?_\ni%u{,o g@gﬁé gé@ngﬁ%ﬁg&ﬁié%%&%msé@f%?o&hﬂ
terti arycemmand fbllomdng suchk asivthe aaxt(@m&memﬁga teiiaty SMmARITH G034 TRY

ddi ti onal command

t hen, be inthe followi ng cycle. ialy
capalo(?l i W@ p F‘H‘éﬂyu‘éﬂ%ﬁ%égﬁi@%m@u@ﬁ @svented dinj th | folowing cycle.

desired. T ] cadded.w t hout, addi ng .

addi t i ongﬁi?w%gan!rrgnd BI ts.i 51?1? Hs‘%%%ﬁ%%%ﬁr e i@?‘gf?nﬁﬁs&'{b'm{“ feators if

i mpl emendesitednsThuspumargn tbwl griptity @O mnidnd ens bead(ﬂe&ll\ﬂﬂﬁélﬁaédéﬁ% fiditibal
S

inventiog and | best node and are not intended to otherw Imt the
scope of e nt invention in any way. |Indeed, for the sake of brevity,

conventional Rig8ald B¢ @ hizd: | 851 otsher functiona
aspects of the syst emﬁ?gﬁa&goﬂnlgg{rﬁmm ﬁ@l?’%ﬁ?tgﬁ%afhogﬂbﬂéﬁﬁif"%m&
conpiohereseipfare illistptivee ot therinyention dnd itsdwst triode dnd arel abeinkended €6 Btherwise
Furt her b N onpecting |ljnes shown in the various figures 20 contained
b tht f thie pict i
herein are i Nt enoed °f §1f FEFELEMVeptien 1} a0y Valhciindeed, for|the isakes lof prevityd/ or
physi cal conventiinal 8fgnBE prR@ssind) a4 i S %&Kfa};&t ed f hat
many alternative o?ﬁn atcli)di ti 5n€"l fﬁn%?#@ﬁsg o‘ﬁ?ﬁaﬁgt ?tghfshfiﬁgégwggl 08?I tﬁe
connect | YHSME{gndrompancatsof the indjvidual opemiting components of the systems) may not be
described in detail herein. Furthermore, the connecting lines shown in the various figures
20  contained herein are intended to represent exemplary functional relationships and/or physical
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




comuni cati on system The present invention has been described above with
reference to a preferred 25 enbodi nent. However, those skilled in the art
having read this disclosure will recognize that changes and nodifications
may be nade to the preferred enmbodi nent without departing ¥A8&RE0&Cope
of the present invention. These and ot her changes or nodifications are

I ntended to be included within the scope the present invention, as
expressed in the following clains. 30 9 ust 2006 Caim 1. An

el ectronic system (I oo0), conprising: a processor (102); 5 a nenory (104)
havi ng nore than qne nepor,y | ocation (210A, 2108) and. abus (106)
connecting the prgcess&nflm él WREHEHDE he bus - conprises: a main

command bus (226) conflgurqu}&eggoggﬁzﬁr an address 10 specific command,
wherein sal d address-specifi associated with a specific nenory

| ocation; ?and a suppl errent apynesasTyd ) hasing 24y thaa oh gienpty lesticri(BIbar 2
gener al commnd Wnere é‘gdgeneral cornmand i s a non-address- specific
command. 2. An el ect ron| c according to claim1l1. wherein the bus

conprises a data bus (220)abby (l06hesHHettig e Gasoz%tﬁéﬁﬁﬁ{o efyiggﬁgﬁus :
ress

according to claiml or claim2, wherein the bus 20 corrprls :
bus (224) for |dent|fyF?FBP’éF°F|rst Menory |ocation for. the addma— speC|f|c,

comand. An el ectronic system acc ener
command _does not ralaft . to the ?at nen%fraﬁ ch?Z% %“wo trehs 7 A a%dwas— '
- 10 . . specific command, wherein said addreaa-speclﬁc cummandw -
 associated with a specific memory lucahon, and '
. asupphmeMycomndbus(ZZE) conﬁgm-edto transfera
~ general command, wlmem seid ganeml commandls anon-address-
. spec:ﬁccomma:nd
15 | . _ : : ,
2. Anelecuomcsyammaccordmgtoclmml wheremthebuacompnsesadata
bus(ZZD)furtrmsmﬁmgdata.

o 3, Anelecn‘omcsyst:maccordmgtoclmmlorclamlwhmmthebus
| 20 cumpnses an address bus.(224) for 1dent1fymg a first mempry lucanunfor the address-
spemﬁcconmand. ' |

4. An elech'omc system accord.m,g to cla:m 3, whm'em the general command
- does nntrelatatoths ﬁtstmemorylocauov. -
25

5 An electromc s'ystem accordmg to claim 1, wherem the general command isa
PRBCHARGB comand.

| 6. An electronic system accnrdmg to cla:m 5, wherein the mpplementary
30 . comroand bus (228) cumpnses a one-bit bus.

| 7. Aneléctronicéystmacmrdﬁgtochiml,whmimthemaincomandms
(226) transfers Iocation-specific commands; #ad the supplementary command bug (228)

10



5. An electronic systemaccording to claim1, wherein the general comuand
Is a PRECHAROB conmand. 6. An el ectronic systemaccording to claimb5.
wherein the Supplementary comand bus (228) ¢ es a one-bit_bm o

7. An electronic Rystmaccordny to clairn 1, wbareia: the rff# Eﬁ%d bus
(226) transfers 10cstimspWfic commands; and t he suppl emaTftry command bus

(228) 10 5 August.p2006, transfers onl eral gommands, and wherein said,
gener a .conmand i WM é@%‘%ﬁ“&f‘éﬂl enepal Roranansp 2 spEmang ey is
locations, S. AockRdiwitiasrethdYorRGRGhelygcatiBng! @i M 1, wherein- the general

command is :5 a secondary command indi Cator, and the supplenentary command
bus (-228) f firs a third. command after the general command. 9. A menory

havi ng an interfaceg whe ac ris Senor a mrand

i nterface configur e to jrkggie%cgé asgﬂ%% ‘Bﬁﬁﬂﬁ@mgﬂaﬁm @Fﬁ”ﬁé cqamRangd is
10 command §s asmndayldom&mﬁcﬂmr;:aﬁdmﬁmﬁ cefntaly EBRREYd 86 Q28) #hsFds a third
claim9, wherein the, i @rface ]urther conprises. a location-specific
comand i nt erf ‘F~ocat i on-speci fic commander 15 11.
menory accordi ng to claim9 or claim 10, wherein the general conmmand

interface is conflgured to receive a PRECHARGE command. 12. A nenory '
accordi ng to clai m20, . \éenemory hiving eu intérficeswhaeihitbe Meldonpniﬁesm‘gaﬁml s

SO L9U1 10 G BB LA S B Tl eSO 2

one bank Hnd donemamitie & heg-address specificeomiiag@s a general bank sel ect
i nterface configured to receive bank address information for the general
command .25 14. A menory accordl ng to claim9, further conprising a one-bit

PRECHARGE *input dedi caf abnl g@cq,gdﬂ% E‘m@ {%gggm )_/ggﬁ?g
t he general command is_a corrmand t ha |s associ ated w % Fﬁbl’ly

| ocat'i ans. locatlon—speuﬁc command conﬁgurcd to receive lncatmn-spemﬁc commands.

15 11. Am:moryaccordmgtoclaxm9urclaam]0whuemthegenmal:omand
* interface is ocnﬁgmedto tecme aPRBCHARGB commiend. '

12.° A memory aécordhg to claim 10, wherein the location-specific command
interface is configured to receive Tocation-specific commands end gen'enﬂ oumaﬁdé; |
20 N .
13. A memoryaccordmg to claim 9, whhrem the ; memory includes morethmone
bank, and the interface further comprnsea & generalhank select mterfar:.e configured to
recem bank sddress mfonuatmn for the general command.

25 14 Amemory accordin'gm claim 5, further comprising a one-bit PRECHARGE
| ioput dedu:atecl to recemng a PRECHARGE comniand; and wherein the general command
isa command that is assoc:atedmth abank of meghory locations.

‘ 15. A memory according to claim 14, whm-em the memury mcludl:s DIore than

30  ome bank, ftn‘ther mcludmg a general bank select interface conﬁgured to recezve bank
‘address information for the PRBCHARGE COmMmana.

11




15. A nmenory according to claim14, wherein the nmenory includes nore than
30 one bank, further including EL general bank select interface configured
to receive bank address information for the PRECHARGE command 5 Au ust
2006 16. A menory system (104), conprising. |L nenory contr%ﬁ%‘ﬂ“@@‘g and
a TMDrY 'l rr-CFft ‘to claim9 in comunication with the nmenory control | er,

wherein the . | ral ,conmand inte ce i s.a supplenentary. cqntrol
interface for recei \?Eng Spaem Q&%W%E\Mﬁw Wm'ym de

interface furtmmwmmmwﬁmcwh%@@ ﬁ‘ftﬁl Yehellein the
| ocat i on-specific command menory system according to c m
16, wherein thé& épmmémxss Wﬁ(@ mmﬁbclﬁrrﬁmvhgrthergegeml

system (104) a ener.al - comuand
secondary conmand I n |cat or, analﬁiﬁué}g § @?&%?r%@%f@ﬁ"&
configured fo mmvmloma@padﬁcyommmand after the secondary command

i ndicator. 19'.. An electronic system (100), .conprising: 15 a processor
(102); and a. I\/Emjry system 0 04) connect ed to the processor, the mem)ry

system conpri sing: ¢, e MR im{er RSt el ﬁg,}ﬂ 104 ?al.g‘)rgﬁg agﬁf 6 L Phdrbi @Eﬁ’sfé
and a menory according to clalim9, con ecte t ?rerf‘gtrly 58; ontrol I er
(212), wherei ncqmwbm er conprises: an address interface

far receiving an address Si gnal; a Mkin 601111 1 ill tgr&CC, continuing: a
TMM command.. bus for receiving a first command signal. relating to a

mermory | ocHlion 25 meciAmwwmQMWWWﬁ%h%bw| ect
bus fbr receivi ng {J rst nk sel ect s%‘rg‘anal émgemfyl ng a first bank ,
correspondi ng t g@wphmt%@ﬁﬁﬁnd
fur_t her conﬁguredtotransferasecondnry command after the secundary comomand md.lcat.or

| 19, An e}actronic system (100), comprising:
15 | - aprocessor (102), and :
| o anﬁmmysyatem(lm) commected to the processor, the memury
system comprising:
8 memory controller (212) connncted to the pmcessor; and
N o _ 8 memory, accordmg to claim 9, connectudto the memoery
20 controller (212), wherein the memory interface t‘urther commprises;
' o ' anaddressmfaceforrecewmganaddressmgnal
8 main control mterfa:e, comprisin;
* amain command bus forrecemngaﬁrst
i o command gignal relating to & memory location
25 | S o speclﬁedbytheaddresssjgnal,andamambankselect"
' ~ bus for receiving a first bank select signal specifying a
 first bm_:k corresponding to the first command signal;
S o _ wheremthe general comménd interface comprises:
- 30 R | S asupplementarycormnandbmforrecexvmga
o ' second command signgl, corresponding to the general
| cummand, ands supplementary bank select bus for

 receiving a second bank select signal specifying a

12




a conprises. 30 a supplenentary command bus for receiving a second

command signal. corresponding to the general command and a suppl enentary
bank sel ect bas fbr receiving a second bank sel ect signal specifying a 12
5 August 2006 second bank corresponding to the second conﬁ%ﬁ&gw%ﬁ |. 20~
An el ectronic systemaccording to clairn 19, wherein the general connand S

5 a PRECHARGE command and wherein the ener command J.nterface. i
configured to receive a PRECEURGE coi %ﬂk Deddlﬁ r#‘ Wmnmm‘i
according to claim 19, wherein the supp{imnt ary Command bus conprises a

one-bit bus. 10 22. An el ectronic system according to claim19, wherein the
main control interface is configured to receive |ocation-specific commands

and Senerel . commuisy, ol bRl 6RAL0 00y ST Mlmnt

wherein the general conmmand 1 nt er conprise
PRECHARGE ﬁnpml’m:qmmd\mgm thepen@dl\Refmandrhwetice &. coffighieiasl of

accessing a rr&gag in a/first time sl4 requesting activation
of a first.r in P@E@%ﬁ?cﬁg , requesting an access of a nmenory

| ocation in 20 the fimraw, .in a third tine slot, requesting activation of
a second raw and r guestl n closure the first row 25- A nmethod according

to claim 24, furt mtﬁﬁmlﬁomﬁmthmwphﬁ&ﬁary
wherei n the r eapAghiibas QRT_ b(‘_?e second row occurs on the main 2.5
command bus; and provi d| ngl a suppl enentary conmmand bus (228), wherein the -
requesti né“closure of the first row occurs on the suppl ementary conmmand '
| xg. 26. A nmethod S in.an electronic s m ( 100

conpri sing:.  acceSSi ngagegfgmnﬁqgo rgwgltﬂ ﬁ"‘ﬁé?m ?éééﬂ é'Pln t he

menory " interface is cunﬁgu.ted to receive louat:on-spemﬁc commands aud general commands.

~23. Anclectronic system accurdmg to claim 19, wherein the general command
15 ml::rfaceﬁmhcrcon:pmesaune-bn PRECI-IARGEmput dr.d:catedtorecemnga '
' PRECHARGB cbmand. ‘

| 24, A method of accessing & memory, compnsmg' maﬁrstumsslot,requeﬁmg‘
_ acﬁvatxunofaﬁmtrow;masecondhmcslot,rcqumﬁnganaccess ofamemmjr!ocanonm .

| 20 ' the first row, math:rdt:mn slot, reqwtmg achvatxon ofaaecondruw and requesting
' closure the ﬂrst row. '

25, Amethudaccordmgtu claim 24, frther cumpmmg- prowdmg a main
. command bus (226), wherein the requesting activation of the second row occurs on the main
.25 command bus; and providing a supplementary comrmand bus (228) ‘wherein the rcqueshng
closure of the ﬁrst 10w occurs on the wpplemenmry command bus.

26. A mcthod of accessing a memury .in.an élactroni# system (1 OD), com;n-isjﬁg:
| o ‘acoessing a specific location in & mermory (104), wherein the mémory
30 | comprises mmore than one memo:y location (ZIOA, 210B), and wherein the
' specuﬁc mmory locatmn 15 aecessed via a ruain commmand bus (226)
configured to transfer an address_-specx.ﬁc command,

13




30 conprises nore than one nenory location (21 OAl 2 1 OB), and wherein the
specific nenory location is accessed via a nain command bus (226)
configured to transfer an address-specific conmand, 13 5 J§USt 20
perform ng a general command, via a supplenentary connandb ‘%n t he
menory, wherein the general command is a non-address- speC|f|c connand and-

wherei n sai d-accessing and perfprning ste occur over a us (106) 5 that
is conflguredtofaC|I|tate &ﬁﬁmﬂn@% ﬁ‘p ta(lﬁﬁm&lﬂjb'ﬁ

the menory, and wherein &%IE,SQMP}E gmﬂ and
the suppl enentary corrmand bus (229) I'Te rre?aod of clarm 2 erern the
accessing step father copprificeemmendiiang 10 a rrem)ry address Si gnal over a’
data bus (2zZD). 29. The rreffl 6. eC|f|c addr e
ofsaid nemory . is. accessed dur %fﬁggg&ﬁé %4% Pﬁ?"l“’d@'h 1’568&)
command i's Jerfornmed on that ibbanfigurd to filitats comaRiviiarion BitwetiPa sMr 122 éhd

The nethod of claim 26 erein the general commnd Is a pRpj-
commaud. 30. The net hod TmEF’&m bps\eOTERIISPY: éhﬁs!ﬂélmﬁﬂ

6286)
(22S) conprises a one- kpk Qﬁlﬁgg mﬂ%ecdﬁ?mvﬁ 2gghal m 26 wheivin the main
command. bus (226) tranf~rs |oCation-opecific gre?n t he suppl enentary -
command bus (228) transfin only general commands, and wherein said genanL
command is a_conma th at th 25.nore t e . menoy
| ocations, ' 32, Ther}G}rretﬁlf)h ngﬁ’ﬁbc‘tf ac:‘ﬂ”??%\%%f‘ﬁh‘[% gﬁ‘gég@wﬁw{srwmg |
conpri ses dhe chﬁdm&ngﬁmmﬂﬂaM(aZ@A cycle, a first specific

nmenory |ocation, and wherein the accessing step further conprises the step
of activating, dur| ng a second cycle~ a second 30. specifi¢ nenory | ocation

that is |located inag. dlmmm@ﬁngfﬁvp g?%%{]mgggsaﬁi ﬁﬁﬁ%flc

menory | ocation, and wherein said perform ng er conprirs step -
of | a.ccesaeddmmgtheaame cycle as a separate general commandlsperformedonablock of

- memory elscwh:reonthcmcmnry
15 . | o o
| 29. - The method of claim 26 wherein the general commend is s PRECHARGE

30. The mcthod of cla.tm 26 whcrcm the supplemennry command bus (228)
20 comprises a one-b:t bus.

31.  The method of claim 26 wherein the main command bus (226) transfers
 location-specific cormmands, wherein the supplementary commsnd bus (228) transfers only
gencral commands end wherein said | generm cummand isa co:m'nand tbat is associated with |
25  more then one memory locations, '

32, Themethodofclamzs wherein the accessmgstep ﬂlrthm‘compnses thestcp |
. of activating, during a first cycle, a first specufic memory locahon, and whercia the |
: accessing step further comprises the step of activating, during a second cycle, asecond
30 speclﬁc mcmorylocatmnthaim located in a different bank of the memory ﬁ'omthe ﬁrst
~ specific memory location, and wherein said perfonmng step fnrther compnses the stepof
closing, during the second cycle, a 'bank of memory Jocations compnsmg the first spccxﬁ;
memory Jocation. ‘
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closing, during the second cycle, a bank of nenory | ocations conprising
thefirstspecific 1Ing nmenory |ocation. ~13A 5 August 2006 -14 33. An

el ectronic system conprising: a processor; a nmenory having nore than one
nenory |ocation; and a bus connecting the processor to the %&W?QO%H ein
the bus conprises: 5 a data bus for transmtting data; an address bus for
identifying a first nmenory |location; a main command bus for transferring a
first command that relates to the first -hnory location; and a

suppl ementary command bus for transferring a second conmand, wherein the
second command does not relate to the first menory | ocation. 10 34. An

el ectroni c 8yst eAn ffRhicsyiem, cén ff@Ssor; a nenory havi ng nore than one
menory |ocation;, and a bus connecting the processor to the nmenory, wherein
15 the bus conpr fBEOSessAT;RaneMeBThAVE hors thamdrieguenaorytlocatioanarider an addr ess-
speci fic comuand, ry. command bus, configured to transfer a
ggneral comnd.ab%&@eﬁeﬁﬁggo)@é%gﬁo tc%ﬁ”§m°§?’n‘§?er?8 a nenory controller;
and a nmenory in commieibastémdprisési h the menory controller, wherein the
menory igcl udes an interface, conprising: a main control interface for

receiving a | ocation? dafa bus for trepsmiiag ddagn addeesp bre fasidentifyiag mifirsy memory
nterface ! Rbaddt el waftedmASAFLA (GOHIRMring fR¢ cOmiRhE Wa UudohoHE i 2

menory conprising t eps
memory location; and

a supplementary command bus for transferring a second command, wherein
the second command does not relate to the first memory location.
10
34.  Anelectronic system, comprising:
a processor,
a memory having more than one memory location; and
a bus connecting the processor to the memory, wherein
15 the bus comprises: a main command bus configured to transfer an address-
specific command; and

a supplementary command bus configured to transfer a general command.

35. A memory system, comprising;
20 a memory controller; and
a memory in communication with the memory controller,
wherein the 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.
25
36. A method for accessing a memory comprising the steps of:
asserting a first signal on a supplementary chip select bus,
wherein assertion of the first signal on the supplementary chip select bus executes a
supplementary command on a first memory bank, wherein the first memory bank is
30  designated by the first signal on the supplementary chip select bus and a second signal on a
supplementary bank select bus; and



asserting a first signal on a supplenentary chip sel ect bus, wherein
assertion of the first signal on the supplenentary chip sel ect bus executes
a supplenmentary command on a first nenory bank, wherein the first nenory
bank is 30 designated by the first signal on the suppl ement ABgust BP0 sel ect
bus and a second signal on a supplenentary bank sel ect bus; and 5 August
2006 asserting, via a main command bus, a main command on the first nenory
bank. 37. A method for accessing a nenorls conprising the steps of:
asserting a signal on a supplenentary command bus, wherein assertion of the
signal 5 on the suppl enentary command bus executes a suppl enentary command
on @ firSt Mol yscelapkyidtns SahiaRd bud ldndin BB SRR henry Bk
command on the first nmory bank. 38. A nethod for accessing a nmenory
conprising the steps of. 10 activating rows and sel ect colums for nenory
access operations using.a main_ control bus;. .and cl osi banks of menory
using a suppleme rﬁ?tbo‘g@ﬂafs%ﬂsmﬂ%&mew Cﬁmﬁgflﬂgg“ef%?pséyggessi ng a menory
conprising the si@psinghsignhPos $@iplémehtaryicotland B Ak h@BinthsSeHicH SMBBLIENYI
command bus, wherein assertion of the first signal on the supplenmentary
command busorihesupplsmantagigopimaashbusrexcobermwpplementary cemmandony firstikemory
wher ei n them%&egﬁpf asserting the first signal on the supplenentary
command bus TUutther conprises packetizing of the supplenentary command; 20
and asserting, VisSeingByifa@@iNBsdmans bus aiBdin c6RMERAdn @it fiRemkinosf barkor y
bank. 40. A menory device having an interface, wherein the interface
conprises a general command interface configured to receive a genera
comand, angl, whepej . i [:S; ry device. 41. A
menory devi%% ha&ﬁ%%hggﬁF%pggéa%3?§ﬁﬂ§¥§§ﬁmbﬁggpﬁ%§% ace conprises a

gener al 10commandadtivheig aswes andfselgor aduibas f@CRic@ra agene bptrationsrasidg acunein

wherein the ne By device is a SDRAM nenory devi ce. 30
control bus; and

closing banks of memory using a supplementary control bus.

39. A method for accessing a memory comprising the steps of:
15 asserting a first signal on a supplementary command bus,
wherein assertion of the first signal on the supplementary command bus executes a
supplementary command on a first memory bank, wherein the step of asserting the first
signal on the supplementary command bus further comprises packetizing of the
supplementary command;

20 and asserting, via a main command bus, a main command on the first memory

bank.

40. A memory device having an interface, wherein the interface comprises a general
command interface configured to receive a general command, and wherein the memory

25 device is a DDR memory device.,

41. A memory device having an interface, wherein the interface comprises a general
command interface configured to receive a general command, and wherein the memory
device is a SDRAM memory device.

30

42. A memory device comprising:



42. A nmenory device conprising: 5 August 2006 -16 an interface that is
configured to communi cate with a supplenentary control bus, wherein the
suppl ementary control bus conprises: a supplenentary command bus, a

suppl enentary chip sel ect bus, and a suppl enentary bank sel &&ugptid00qherein
t he suppl enentary conmand bus is a one-bit bus that is configured to 5
comuni cate a suppl enentary command bit, and wherein assertion of the

suppl ementary comrand bit causes executt ti-of a PRECHARGE comrand on a
first menory bank that 1is identified by signals fromthe suppl enentary
chip select bus and the supplenentary bank select bus. 10 43. A nenory

conprising: an i g @ittdaR thhelk dofifisRell itdebMehuinfafeORRH Y ﬁ%hferﬁ(@r& ontrol bus,
suppl enment ar)(l control bus, wherern the supplenentary control S

conpri ses: ¥heigHpltswpriemenhalyp centod chusbepmprisest a sugplepleataentcammangnkus, a
sel ect bus; ' jvat | of the s | enent ary .chip sel ect bus causes
execution o d@gﬁ@%&%&&&%&?c%h%%ﬁngggﬂ?%ﬁaﬂ%#&?lbﬁ%mk that is
identified by signal whewid fhe susilant@am toiinyandbub iS£bREbit BUStHANE cbhfgured to
supplenegtar bank sel ect  bus. ) i ]
communicate a supplementary command bit, and wherein assertion of the supplementary
command bit causes execution of a PRECHARGE command on a first memory bank that
is identified by signals from the supplementary chip select bus and the supplementary bank

select bus.

10 43, A memory comprising:
an interface that is configured to communicate with a supplementary control bus,
wherein the supplementary control bus comprises: a supplementary chip select bus, and a
supplementary bank select bus;
wherein activation of the supplementary chip select bus causes execution of a
15 PRECHARGE command on a first memory bank that is identified by signals on the
supplementary chip select bus and the supplementary bank select bus.




