WD 2007/ 015773 PCT/ US2006/ 027494 1 MEMORY DEVI CE AND METHOD HAVI NG MULTI PLE
ADDRESS DATA AND COMVAND BUSES TECHNI CAL FI ELD [001] This invention rel ates
t o menor ywéedhH@as73and, nore particularly, to a nenory b SB0sARSoet hod
that has multiple internal buses to provide increased perfornmance.
BACKGROUND OF THE | NVENTI ON [ 0021 Maxi m zing nmenory bandwi dth, i.e., the
rate at which data can be witten or read, is an inportant factor in nenory
devi ce performance. Menory bandw dth has been increased to sonme extent by
prefetching data so that the data will be available when it is called for
by a received nenory command. As nenory bandw dth demands have increased,
the anobunt of data that is prefetched for each read or applied to the

simply CAEMORYDEVICE AND ERRGBHAVIKE M P ADIRENS, paTiever
great deal of data being 5—‘:\!-': !ml\'d!bﬁiiﬁj» e location in menory. Taken
toits extrenes, data froman entire page of nenory will be prefetched.
Unfortunately, such a |arge anount of data froma single location is often
not de;ﬁﬁ&&é&% be desirable to be able to prefetch smaller amounts
of dat banks at the sane tine. Yet the internal structure
of menory devices, such as dynam c random access nmenory ("DRAM') devices
precl[?@bg t hem f r Bis dpesntionTglaies ta memant deviess, prdvinakespariedanly.deidi ity in

data pr tJ.Qns. 0 Lon. of . 2.t ¥ Pl B%Md ' Ois
shown |I§£§|B%rdé8§9 #ﬁe&le@gl\ﬁ%te&aggﬁ&l&gﬁnc uc%lsxgér?ggﬂgd ess ebﬁ#ere 4 t hat
r ecei veperformkincel oOw and col uim addresses through an external address bus 18.

A bi-direction data buffer 20 receives wite data through an external data
bus 24; and outputs read- data to the data bug-24. WO 2007/015773

PCT/ US2RABKIAGOND OFFTHRIINVENTIONTaNnd decoder 30 receives and decodes
menory comuands, such as rea

[002] Maximizing memory bandwidth, i.e., the rate at which data can be

written or read, is an important factor in memory device performance. Memory
bandwidth has been increased to some extent by prefetching data so that the data will be
available when it is called for by a received memory command. As memory bandwidth
demands have increased, the amount of data that is prefetched for each read or applied
to the memory device for each write has continued to increase as well. However,
simply continuing to increase the amount of date prefetched results in a great deal of
data being prefetched from a single location in memory. Taken to its extremes, data
from an entire page of memory will be prefetched. Unfortunately, such a large amount
of data from a single location is often not desired. It would be desirable to be able to
prefetch smaller afriounts of data from different basiks at the same time. Yet the internal -
structure of memory devices, such as dynamic random access memory (“DRAM”)
devices precludes them from operating in a manner that provides more flexibility in
data prefetch locations.

[003] A portion of a typical DRAM device 10 is shown in Figure 1. The
DRAM device 10 includes an address buffer 14 that receives bank, row and column
addresses through an external address bus 18, A bi-direction data buffer 20 receives
Wwiite data” through an external data buy 24; and outputs read” data to the data bus 24.-



command and write commands, through an external command bus 34. The DRAM
device 10 al so incI udes other circuitry as wll be appreciated by one
skilled i but, in the interest of brevity, has
been omtte% ?r Om:i:I gure 1. [004] The DRAM device 10 mcfﬂggwoglwﬂs‘{"yand
second nmenory array banks 40, 44, although additional banks (not shown) may
be i ncluded. Each of the banks 40, 4 contains a | arge nunber of nenory
cells arranged in rows and colums. Fn response to read or wite comand
signals received fromthe command decoder 30 through an internal commuand
bus 50, Fidally acommantdesded®regbivenanddesodes mgihohatorimbads) sachbdd ead or  from

one of the bapks 40, 44. The p ular row to whi the data are witten or
from mmrﬁﬁaﬁén%meéf)@%@a &’éo"cé‘s%ﬁ’éﬁ@&l FomEan, g\%“éd?(‘fr'egi‘ ed from

the addagice RYLISE inolddhs'dtha WAy A AT koAl B! A athS 1S vell

known in the art, once a row of °“menory c the menory
cells |but;inethe)inmrestcmﬂbmdtybmcheixdmhyhaabemn’tﬂted/&;maFrmlt data in an open

i 1 cROAE " o 1 n The DR doivics Whieiies fstme wrormengshegan g b, o T
par L CULEaEGh G Bural bR P U RANCRARLE. B0 bR Biud dol ch data

are written colu ress recel ve e address
buf f er dohtaihOdkrgd humber dfenaneny deﬂmmrﬁi@dmrdwshaicdlhmnmedmnsem 10 has a

single ternal command pus 50, .a |ntern data bus 52 and a single
i nter naTea‘Ed’éir‘@é@ AL Slgﬂﬂshrﬁﬂﬁﬁe‘f a@éldgcq%g & di vi ded
Into sepgh t%ﬁgﬁgﬁx d%Ris 502 Bta Wrd E&pléﬁ%?ou%ﬁtah%ntenﬁ? gﬁﬂ)TanQH%u?gZQ@Br Serve

only one o ks 40, 44 at a tinme I mlar the single internal
c oman dfrbmsons®f dineibartks 4@; A4l he paricnial revd tr whfchtths dsta awmrbten osiftond t aneousl y

dd d ds t oth of the banks .4 lt, th
DRAMT dVEG UHo/0HS S e RS EpFod AP HPasS Fot B driR e SRe B ORE £ f er et
rows  0i4 ARSiphYanGRtelsal ig Ibbtat‘ﬁ‘dcﬁé’ég%uQM' Rsgi HER 1BHHn bR Besard Qncddrow BP6] There

is therefore a need for a method and systemfor concurrently accessing
di f f er ememonyvselds hmsbmry opendds ther memeoryagells dn the afieff rome gan thenteadidp t hat

fetches o 9k 8 of diff whi |
CH 11 prooTainghe & FoBlh Aady b 2Re O s S0, BER APl BaBbtb! 027494

3 substantially more time to open a different row in the same or a different one of the

banks 40, 44. A particular column in an open row from which data are read or to which
data are written is identified by a column address received from the address buffer 14.

. [005] It can be seen from Figure 1 that the DRAM .device 10 has a single
internal command bus 50, a single internal data bus 52 and a single internal address bus
54. Although the internal data bus 52 may be divided into separate read data and write
data paths, the data bus 52 can serve only one of the banks 40, 44 at a time. Similarly,
‘the single internal cofiimand bus 50 ‘anhd the single internal address bus 54 ‘éann‘ot "
simultaneously address and provide commands to both of the banks 40, 44. As a result,
the DRAM device 10 is incapable of concurrently prefetching data from different rows
of memory cells in the same or in different banks 40, 44.

[006] There is therefore a need for a method and system for concurréntly
accessing different rows of memory cells in the same or in different banks so that
prefetches of smaller block of data in different locations can occur while still providing

a’high merhory baridwidth.



SUMVARY OF THE | NVENTI ON [ 007] A menory device and net hod accesses data in a
plurality of banks in a nenory device through a plurality of interna

addr ess bwsemosodim plurality of internal data buses. | to
receiving a first nenory address, the nenory device iniﬁ?@ﬁggﬁgéﬁﬁpst
menory access in a first bank of nenory cells at the first nenory address.
While the first nmenory access is being processed, a second nenory address is
received by the menory device. A secdnd menory access is then initiated in a
second bank of nmenory cells in the nenory device at the second nenory

addr ess SUMVAR Y OFCIYETRVENTRNGESS is initiated while the first nenory

access Is being processed. ITn another aspect, the nenory device initiates a
first ry accegSy e f ' a first
rrermrg/ cgmmnd. |Ilnlgﬁlt°ﬁyeEl @?‘i?‘?‘rﬁmﬂ%&ff@’? agggc\sggédaitéﬁl %i)ll‘;r{gﬁ%(r)dﬁeaégsé , 2a second
menory ararsydewce through & gluralitg ofdntendl hddrkssuseeamd ¥ phehlity ofiifitetdad nmenory
devi ce responsive to a second nmepory command. The nenpry device operating
in thi sAHAMNEES allnFREPONSE flat KeRTIMIREOR fHal BeMmoBYH addess.i thet mBBIRKY Gevikenory

cells, :at ' | r h L.ce
A S R S g QU A .
cel | s caddrkss. iWhilé theditst Réthéafy dobS3SH BEihEhrdCEssédiEa JaRddd Memorpaddredsiigure | is
a bl ock di,agégm of a portiaqn of a copventional nenpry, ,devjce having a

singl e HSFIVEY DY BETOTY dRYIFS| Aatraomibismensacesy i§ 3R ilaledmoa seeond p) ock
di agr amyfi 8¢ BRbddrP"heflf i tHEHENoI UVES ACHR! Loill bRmAIARIALP! Prigl ! he

present 1nvention Tn which two sefs o control at a uses are
used. [ 60Ohd Fegore aGessisanitiatrdcwhii e firstafiemony asgressps being peocessedafinl decoder

used in the nenpry device qf ,Fiqure 2. [011] Figure 4.is | ogi.c di agram of
one. ex MBS DS ednRoDy reve ifiges & Aghmempsd doress dhe Rtamyl abui e o
Fi gure = | I '&E,c‘ijio <o) (SL 2Tt ress and
dat a nﬁe?{lop %{ugrrgﬁggggéf%ﬁﬁsetn%hm y ggéiﬁ?'e of élgiﬁlgure Z.Eﬁ\?\g%(%géﬂglwm

PCT/ US2b¢ing pBRessdd, o secodd memory access 1s initiated in a second bank of memory cells

in the memory device responsive to a second memory command. The memory device
operating in this manner allows prefetching of data from the first bank of memory cells,
and, while data are being transferred from the memory device responsive to the

prefetch, a prefetch of data from a second bank of memory cells can be initiated.

BRIEF DESCRIPTION OF THE DRAWINGS

[008] . Figure 1 is a block diagram of a portion of a conventional memory
device having a single set of address, control and data buses.

[009] Figure 2 is a block diagram of a portion of a memory device according to
one example of the present invention in which two sets of address, control and data

buses are used.

fo10] Figure 3 is a logic diagram of one example of a command decoder used
in the memory device of Figure 2.
[o11] Figure 4 is a logic diagram of one example of a bank multiplexer logic

unit used in the memory device of Figure 2.
~ [o12] Figure 5 is a -logic diagram of one example of a address and data

multiplexers used in the memory device of Figure 2.



[013] Figure 6 is a block diagramof a conmputer system according to one
exanpl e of the invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 014] Figure
2 shows av®bWvlodsyys ce 60 according to one exanple of thecrRYRGLIAN Like
t he DRAM device 10 of Figure 1, the DRAM device 60 includes several banks
of menory cells, two of which 40, 44 are shown in Figure 2. The DRAM device
60 al so includes the external address, data and command buses 18, 24, 34,
respectively, that are used in the DRAM 10 as wel | as the address buffer 14,
data buffer 20 and command decoder 30 used in the DRAM 10. A nore specific
exanpjog3pf the cpigiRY ifdacoidex ddprit SthoWomphtdri Ffeth Ac@dingd fol ore
explained in connection with that figure. [015] The DRAM 60 dlffers from
t he DRAMWAID mﬁthamvmtl@rh its internal bus structure, which provides it with
addi ti onal performance capabilities. The DRAM device 60 al so includes other
circuitry as wi || be appreciated by one skilled in the art. However, this
FPATEED DESCRIPTION OF (I DVVENTEGNe to the vari ous exanpl es of t he
|nvent|on Therefore in the interest of brevity, such circuitry has been
om t t[@d4F rom Fi geigere22 showSla PRAM alevide 60Faghokding to onei exgkrplé of hienal
addr ess, bus, 62 extends fromthe addrees buffer 14 to address, nul tiplex

| ogi ¢ 6BYentop; | hikeyth eaDWI@’VI%tbQ REFigne 4, Haes DRAMedewdee) §0 fmélﬁflﬁshe dat a
buf fer 20 ﬂl@&%f om he éh;ggbf'w Bf4;52§4 %%%58% lﬂ‘ﬁe%dré’?e)i‘hle 66

couples addr esses ress to ei addr ess
buses" dewite Gmalsésmemnbsaithaedxﬁemaglad&tem daet and cbhminmand biuses @801234 3a,ddr ess

b 70, 74 t ks 40, d d.
Tﬁzeﬁatrasmtl Thi B3 arpgsed Db DRAMAD asael e&m@%eﬁ A1, Golb BOHER for 20 to
h [ 1
ei t her dﬁ{ ard't Qﬁ’@he{!ﬁ ?36"1!@&151117@1 196 H&P@E é&?ﬁ@?ﬂiﬁ@§ offhe 78 al l ow

wite e coupled to or rea ata t cou one of the

banks 4émmiahdadecodber 30dsshdvimrin Figutes aimltxml]abeee:dphimgi inmophextionovitihr thatad dat a
are beiﬁ%rcoupl ed from another of the banks 40, 44. Morre specific exanples
of the 9007/ 015773 PCTI US2006/ 027494 5 address nultipl exer logic 66 and

the dgis mul tipl exgs DRINICEPEifiehd froRCthe PRAM 86 ptitharily in its intemal bus
structure, which provides it with additional performance capabilities. The DRAM
device 60 also includes other circuitry as will be appreciated by one skilled in the art.

Howeyver, this other circuitry is not particularly germane to the various examples of the
invention. Therefore, in the interest of brevity, such circuitry has been omitted from
Figure 2.

[016] As shown in Figure 2, a single internal address bus 62 extends from the
address buffer 14 to address multiplex logic 66. Similarly, a single internal data bus 64
extends from the data buffer 20 to data multiplex logic 68. The address multiplex logic
66 couples addresses from the address buffer 14 to either of two global address buses™
70, 74. As explained in greater detail below, the global address buses 70, 74 allow two
of the banks 40, 44 to be concurrently addressed. The data Ihulﬁplex logic 68 couples
data between from the data buffer 20 to either of two global data buses 76, 78. The
global data buses 76, 78 allow write data to be coupled to or read data to be coupled
from one of the banks 40, 44 at the same time write data are being coupled to or read
data are being coupled from another of the banks 40, 44. More specific examples of the



connection with Figure 5. [017] The gl obal address buses 70, 74 and the
gl obal data buses 76, 78 are coupled to bank multiplexer logic units 80, 82

associ at loyf1d7¢ nenory array banks 40, 44, respectj behe are also
o @fb 07/01 : : i
addi ti ona %Uank logic units (not shown) for any addltlg%g/:[lgzr?g%r;or?/ﬁarray

banks (not shown). Each of the bank nultiplexer logic units 80, 82
communi cates with its respective bank 40,44 through an address bus 86, and
Read/ Wite ("R'W) Comand ("Cmd") b8s 88 and a Data bus 90. The bank

mul ti pl exer logic units 80, 82 are controlled by select signals applied

t hr oughaddidas m@8plex&logld 186 Wit tihe ¥dta Braltiplker 16561 98 wilk Bee&platfed iV O
signals fromthe command decoder 30 through a W Crd bus 96, and applies

t hose stognegtionivith Figuteshks 40, 44 through the R*WCnd bus 88. A nore

oxo 488" R EonnDs BRRel RRest byt 7 7 and e gl e e 2 B et
comandeoapedite Batlomultép16dAIb e ihigeL 86 B202sodidted Rithahd Mentctyad vanies 34. The

command decoder decodes the command, and coupl es signal s corresponding to
t he decthidd, cesperiivglyt oThere dvenlsonadditiqmakhankolpgic units {rotgbows) formmy command

exct or nafcatisiL BeoRy el 3l Bon el aDHR i eesha W TR ° G ess
buf f er g4 82actameenicsitas SGthCid E@Pa@ﬁéimwl,@:ﬂnmgmi addrEbebes 86) &t signal s
are applied to the address nmultiplexer logic 66 so that the |ogic 66

coupl esReaEWEERI (I Command €EmEIpbusdBhpngna Batar hes POobalhea ss buses

70, 74. |: r |4 . . |48 xer logic
68 to Cné.lg@ 16?‘ ﬁllel% é’g‘lﬂég@ ’ t% %%Egﬁ%*tgo?]teﬁgg %g{egp%géa?se%gﬁ%%ugﬁeﬁngg rbﬁ’es pondi ng
one of 9de Tyt alnith 80Q182 41sts escev, redpectivt AW Ymd BRnaR| £6in thie giddirfandar €

applied to the bank nultiplexer |ogic units 80, 82 to cause themto couple

the colecedssSOdhrmyeh ROV ¢md bys §9arnd apnlies shosg signalsoto the banks 4¢,«44
corres ' ?ﬁﬂﬂoé'f] | o PHSES, - nory
array banqlgﬂglb, 44, Brlbgf 8$hé@%<°{grgé1%fﬁééomﬁggogra%fﬁea?lg%p@@inegeﬂﬁégeat | east
one bi tunitd@0f 87 wilhbe explainedinkcofifiectidbA wich Figinehd.t he command is directed. In
respo to the external command, . including. the ha identifying bit(s);
the dBifland decod®roPsErtigpy AR £XterA Kemmag apBlieA o e 1 BAM fgvicd 60'bn
PCTI US2R0 G4kl ¥mrfand bus 34. The command decoder decodes the command, and

couples signals corresponding to the decoded command to the bank multiplex logic

units 80, 82. The command decoder 30 determines which global address bus 70, 74

should receive an external address applied through the external address bus 18 to the

address buffer 14, and generates corresponding select signals. These select signals are

applied to the address multiplexer logic 66 so that the logic 66 couples the addresses to
the corresponding one of the global address buses 70, 74. The select signals are also
appiied to the data miultiplexer 1ogic 68 to cause the logic 68 to couple thedata-buffer -
20 to the corresponding one of the global data buses 76, 78. Finally, the select signals
are applied to the bank multiplexer logic units 80, 82 to cause them to couple the
corresponding one of the global address buses 70, 74 and the corresponding one of the
global data buses 76, 78 to one of the memory array banks. 40, 44.

[019] The external command preferably includes at least one bit identifying the
bank 40, 44 to which the command is directed. In response to the external command,
‘in¢luding the bank identifying bit(s), the command decoder 30 applies either Bank 0



RIWCrd signals to the bank multiplexer logic unit 80 or Bank 1 RRWCnd
signals to the bank nultiplexer logic unit 82. In response, the selected
bank nul twpleymi1s1@gi c unit 80 or 82 couples the RF'W j | t he
correspondi ng bank 40 or 44 through the RIWCrd bus 8gHQFﬂh%@§g%ﬁég to the
bank identifying bit(s), the selected bank nultiplexer logic unit 80 or 82
al so coupl es an address fromthe sel ected gl obal address bus 70 or 74 to
the Add. Bus 86, and it couples the selected global data bus 76, 78 to the
Data Bus 90. If the nenory command is a read command, read data are coupl ed

f romha R WcGmid signals tolike bankiannBiptexen Ingiounit- 8 onBank 1{RYW 1¢md elgaalv&td addr gss
f pom ¢ iRk i flexeragit 't 83 TF ERbonsE BEREcthd p SR TR it ' 1 © 02

cor r espgoe emcb\gﬂémewcmlm § @5the cbféond# Baagwfortmht&igﬂrtml addr ess
buses 70, 74 and two i nternal ta buses 6, 78 allows the banks 40, 44 to

3e concBr’WeﬁmCX/bu?:&Sssénl respaase |tmt1;¢ ]lclvakeldentsfmer bit(shsthe selented bamke DEAM
ot ' ar B R L RORH B oo BREPIEE b PousER o Bie Hlscte Gyt o "

act ual | pus 1eor T toqhi® Add. B8, AN itouples tHeaelested Globht dath bas 96,7F9 todhe t he banks
40, 44 is preferably being prepared to out put read data, such as by being

equi |b i bPatadins s If hesmemonyrrommans! is 8eadsdommend, readidata arecoupled Fomesul t, i t
ey Do RSRTHRReuk Ba50 2! el e o RS od kB, DR Co OO

decoder 20,0% thé coRniféds aswritd omanfdpRdtetieOtem tBO data thiffer DBRAM devi ce
60 of Figure 2'is own_ in Figure 3. The, portion of the comrand decoder 100

that gefipladde atlﬂ"eatlBﬂéll bagl ‘éQ;Pf %@P@@B@d&g todbe T@P’dﬁélaédféﬁﬁd that generates

;ggi ﬁo\ggg{mcﬂgzﬁj{ﬁ Lgor gener &%?%Td178’ i gna stv‘%b[c:l(riil 5@#&1 %ban%s are

al so i ne6, umeallow%sthshﬂnhs 1o, 44 g:ube c&cmeﬁnﬁact&dsﬁamkaﬂ)mmwabed nmiaan@ct i ve hi gh
whenever a bank address for Bank O is gecod,ed by an gddress d coder (not

shown) 8 a residt, BreaRddM desicg §0 capdrefeic @étaﬁpgwe@éﬁke ankes f02tthe st es a

fecoaed H O AE bihe pidec Tt TiE i YRk, ATRAR alh Ty BRI o)

as expl being dowied/ fromGirtecsf the banksf4(, K4, tANBthéDoﬂ&&mMW;MP@Tpreﬁm{Dﬁ/ 027494
! being prepared to output read data, such as by being equilibrated, as is well known to

one skilled in the art. As a result, it may be possible to continuously couple read data
from the DRAM device 60. Other modes of operation are also possible.

[021] An example of a command decoder 100 that can be used as the
command decoder 30 in the DRAM device 60 of Figure 2 is shown in Figure 3. The
portion of the command decoder 100 that generates the Busl Select and Bus2 Select
Sipgndls “and that generites the” R/W--Cmdsignals for Bank ‘0: is shown; it ‘being
understood that additional circuitry for generating R/'W Cmd signals for other banks are
also included. As shown in Figure 3, a Decoded Bank 0 Add bit is active high
whenever a bank address for Bank 0 is decoded by an address decoder (not shown) in
the DRAM device 60. The active high Bank 0 Add bit enables a plurality of AND gates
102 (only one of which is shown in Figure 3) to pass decoded R/W Cmd signals to the
Bank Multiplexer Logic Unit 80 (Figure 2), as explained above. Other sets of the AND



gates 102 (not shown) are enabl ed by decoded bank bits to pass decoded R'W
Cnd signals to the Bank Multiplexer Logic Units for the other banks. [022]

The conmewd) #ege@ders 100 al so includes a flip-flop 106 ”ﬁ:; ' at a
CLK i nput One of the Decoded RRWCrd signals. The data (" [gjgzﬁﬁ%%?‘%éf t he

flip-flop 106 receives the Y output of the flip-flop 106 through an

i nverter 108. The Y output of the fljp-flop 106 therefore toggles with each
ri sing edge of the Decoded RRWCrd signal. Wien the Y output of the flip
flop 106 is high, it enables an AND gate 110 to nake the Busl Sel ect signal
active Igagh.102¥(aot shoevny aveitepaliledbytdeeodedi tank ity tbOfask Sleboded RIW @hdbl es an

AND gate, 114 thr jnverger, 6 to ke the Bus2 Select signal active
hi gh. THEMRESL Hgﬁ%&%@ﬂglng T %‘Fé&’é‘?@%‘g‘go&ﬁ%?%fe alternately active high
respolige to eac ' .S el G obal
Addre!gzﬂBuses 70@??’?@%@?@ 2 é%ﬁ{s%&fd gggfﬂl ﬂt ustfe@%%é,wefg?gre

al t er natGlK/inpseOne of theupdoededaBIWeSmd sighalsaTte dataa“D3) mpdt 6f thenfliprflopanks 40,
44 resp ive,to each neno 0 received,from ternal comand bus
34. [ 0230 esreives iy Qv af the (KB IPLI0g Bikueh Bbdpverin 1o 1 e TP @ be used

th Yo 1op! ' j T Ldbel §€RD [ f Fi
as eﬂﬁaﬂﬁ)i fg@';%:ilgﬁ therefort A Hes IRk Seiaﬁlﬁ’ qsgfgeé el e %&ﬁﬂ'ﬁ@v%ﬁ I gure

2 is shown ure 4. The Bank tip r Logic Unit 120 inc es an
Addr ess sighhlt i Whenx ¢he Yidi@puthdtthenflip fleps p@a isi high,i it poeblesoart ANI» gatedd Otto t he

d obal Address_Bus 70, 74, .and. | ngl. e .put pu rt..coupl.ed.to Menor
Array BEE e BYorlech piendf darivanidp: Whantta Y pipb of B oif B8 1934 Pdpect  ve

i nput's GoaAbRE ahOARDL gk 03! BUnSertef 611678 RALs the BLOKEleQUsipH POTt
coupled to Menory Array Bank 0. "The Multiplexers 122, 124 are controlled by

common 8etive high. SBi2Bughahd BushSeBel kignalgraant therefpen eltemattlbyctive WD gat e
126, d the.Sel?2 sj | i d.b AND t 8. ., Ih D t 126,
158" ar o RADTRGIOLED B8 B SRNERRANCTI g SAP A oRlh 6 Gleh K v hi gh
When t iBs&N9, 93 , anli4Be &lsbatDak Bike®Y6 7 CaEARBGatly 86ddad cbiplthe

respective bank, the ND gate 126 generates the Sell signal responsive to
t he Busaddesseg tto singndata tenand Heem AhD bgukse 40.284 greppanaivesta igechsatemary gnal

responsi to.the. Sel ect si ngl . '1 4], ,One exanpl e of address
mul ti pl géépwgé?cgl‘%gg%ﬁgmte&aﬁ%t%& ?’é? é‘)‘('er | ogic 144 that can be used
as th dress nuiQredxample o049 Banko Matiplekdtd ofid Wnitul20i thheedl beMaed @97/ 015773
PCT/ U 220336/ 027494 ] ) . fel . . .

the Bank Multiplexer Logic Units 80, 82 in the DRAM device 60 of Figure 2 is shown

in Figure 4. The Bank Multiplexer Logic Unit 120 includes an Address Muitiplexer

122 that has respective input ports coupled to the Global Address Buses 70, 74, and a

single output port coupled to Memory Array Bank O (Figure 2). Similarly, a Data
Multiplexer 124 has respective inputs coupled to the Global Data Buses 76, 78 and a
single output port coupled to Memory Array Bank 0. The Multiplexers 122, 124 are
cotittolled by common Sell and Sel2 signuls. The Sell sigmal 1s generated by an AND -
gate 126, and the Sel2 signal is generated by an AND gate 128. The AND gates 126,
128 are enabled by one of the R/'W Cmd signals for Bank 0 being active high. When
the AND gates 126, 128 are enabled by a command directed to the respective bank, the
AND gate 126 generates the Sell signal responsive to the Busl Select signal, and the
AND gate 128 generates the Sel2 signal responsive to the Bus2 Select signal.

[024] One example of address multiplexer logic 140 and the data multiplexer
logic 144 that can be used as the address multiplexer logic 66 and the data multiplexer



8 logic 68 in the DRAM device 60 of Figure 2 is shown in Figure 5. Wth
reference to Figure 5 the address nultiplexer |ogic 140 and the data

mul ti pl exeo 2000@i877444 include and address nultipl exer pe@ ABghsR2ARY

mul ti pl exer 154, respectively. The address nultiplexer 150 has respective

I nput ports coupled to the d obal Address Buses 70, 74, and a single output
port coupled to Menory Array Bank O ?Fi_gure 2). Simlarly, the Data

Mul ti pl exer 1154 has respective inputs coupled to the G obal Data  -Buses 76,
78 and a single output port coupled to Menory Array Bank 0. The

Mul ti pllegiert8 in3be devicec 6 of Biguesi2 liy shooymonFigetd 5.aditisedferegeayioal s in t he

.t hat .t he, Add Mul ti pl 122 ' 4 d tipl
S50 ORI oDl ' AT B30 B e PPl P
above, dndeaddedsk MEkipRXSr 150 @RS dh AnsIBPRR&! 854, XeéspdchifelFanihdlalidriesy exer
Logic Unit 120 shown in Figure 4. [025] The DRAM devi ce 60 or anot her

exanp| envltiplexerehif} hasaespectivainput portscouplsdith ¢hd Globat AddressBuses 10584, i n

vari ous_el ect roni ystens. . F anple, it . use LD .

or oces B9 Sued ulal el HoRFR Al R RAED, oS e 5. The
conput ehats WhllERlez6101 1 5AChasdRSpeRtiPé RipaiSeupddofthé QSHA Wath Whs¥ATE, OM8S

conputin functions, such as executing specific software to perform

speci f iaaddesingle auipyhpowd coupled to Memosy drresydank 0. 2The Midtiplgwers 4 5pr Bidessor bus

204 th | Y. N S s.hus,.a. C r n ata bus.
In addiaat&? %QI,E&@I%I %% ﬁ%{#goﬁ §§12t%%d§§% Sllg’gfsuﬂlegleoér)\ag&eowa%qﬁgf th%n%ﬂ@e%evi ces
214, suvhltiptexer H2Y PRt 4y ardl DatasSPultipdenet ad4tia tho Bapkov@Ridéxe? @dgico al | ow
an operator to interface with the conputer system 200. Typically, the

conput dPnit{29 amcontolled s explainerbaboypethe Seliind Sel gnals ate geasrateddYcoupl ed to
t he prgﬁsﬁﬁ@?@%}gﬁﬁgcgﬁgﬁogﬁowﬁsﬁélé@ucal ly being a printer or a video

termn orage 'devitces 218 are also typically coupled

to t He2§r ocessor PRPZDRAM Idevice b0er pictherexamnpROT a themstyodevictadcaondingor
retrieve data frominternal or, external, storage _nedia ﬁnqt shown) .  Exanpl es
of typitedhe wyeptioncandyused ipyagious gleglenin sysieran Fon exgpipleiikpay be yprd

set t:es, | S - ' : 202
casPl L% proBOoCOUBAShshs S Qb BP AP 300 GO IR b, Prfoessor
randomcaopates systent 200 (1ihSRAB Ja, pmoesson 20B efoDipkifofiflirtgh vaniois eomputingy

I 230. Th I 2 I I ncl I
Cont Okl 20 TEMBLY o OB LOLLEL 230001 MLy, LOSIUISR & gqnt ol Pus

The processor 202 includes a processor bus 204 that normally includes an address bus, a

control bus, and a data bus. In addition, the computer system 200 includes one or more
input devices 214, such as a keyboard or a mouse, coupled to the processor 202 to allow
an operator to interface with the computer system 200. Typically, the computer system
200 also includes one or more output devices 216 coupled to the processor 202, such
outpuit devices typically being d prititer or a video termiitial. One or more data storage™
devices 218 are also typically coupled to the processor 202 to allow the processor 202
to store data in or retrieve data from internal or external storage media (not shown).
Examples of typical storage devices 218 include hard and floppy disks, tape cassettes,
and compact disk read-only memories (CD-ROMs). The processor 202 is also typically
coupled to cache memory 226, which is usually static random access memory
(“SRAM”), and to the DRAM 60 through a memory controller 230. The memory
controller 230 normally includes a control bus 236 and ah address bus 238 that are



WO 2007/ 015773 PCT/ US2006/ 027494 9 coupled to the DRAM 60. A data bus 240
is coupled fromthe DRAM 60 to the processor bus 204 either directly (as
shown), twoQe@inise nenory control ler 230, or by sonme Gidifis20RARF94 [ 026]
Fromthe foregoing it will be appreciated that, although specific

enbodi nents of the invention have been described herein for purposes of
illustration, it wll be understoodyby one skilled in the art that various
nodi fications may be nmade without dgvi ating fromthe spirit and scope of
the invention. For exanple, Figures 3 and 4 show vari ous conponents

i mpl eneenupteduto thy BRAMT6% Ao deta Bisedthisscouplesh fram thiNDRANME6) toidheever, it

w |l be_ understo t hat the nd ot her co nents can iJmpl enented with
ot her t%giss%rfsb‘ﬁ%é‘sel rhﬁﬁfﬁ'@@f gl?PéWBs{hJo' U %F‘%’?%l?f’?&@.ler Zggt%rr I ngly, the
i nvent i §yind Sth8oheddsM t ed except as by the appended clainms. 10 CLAI M5 Wat
is claimed is: 1. A nenory device, conprising: an external port coupling

menor [026bmrands, Fromortheabuegningsit widhdeweppreciatedathant elthenghmspesific devi ce,

the external. port further.coupling rea ta. fyomthe r evi.ce; a

ol ur o | EPGmRcar ] i EOURg o SR b PigpOFen R if bisos: an
addr es swA10H8 hinférstoot B3 bne BATIEP irf tHeOart ehalp vari SR RIoWi fRAH6RS fhayHediads
corresponding to the nmenory addresses fromthe external port_to a selected

one of Wiboutrdexiating frord ke 8pipiti erd scopedditthe vigpliomg Fer esampleoBiguessi®e to

ort totid bR il FBybonkt SERRBRMA ik S ek R BRARY 0 ™

circui t AND ghies. bRiweefHe kil R indesiod! tBatl thast ariibbthes c@ipbientPEdnebpondi ng to
the read data froma selected one of the jnternal data buses to the
ext er naimperpented with other types of gates or logic elements or other circuitry.

Accordingly, the invention is not limited except as by the appended claims.



a plurality of banks of nenory cells; a bank coupling circuit for each of

t he banks of nmenory cells, the bank coupling circuit being operable to
coupl e the nenory address signals from@ selected one of the internal
address buses to the respective bank, the bank coupling circuit further

bei ng opera@LéR%ﬁcouple the wite data signals froma selected one of the
i nternal data bu&@ﬁmggdaﬁﬁﬂqgspective bank and to couple the read data
signals fromthe respective bank to a selected one of the internal data
buses; and control circuitry coupled to control inputs of the address
coupling circuit, the dat coupliancircuith and the bank coupling circuit,
the control circuitry-bei ?gmﬁﬁ’é?%@ﬁ &°% EOTPY Y8 si gnal s to the address
coupling circuit to c i i i t he

i nternal address bus ?g%ﬁﬁ?%ﬂ%?ﬁ§g§§§§%§§HR§?Sﬁ%?g&ggéﬁggﬁﬁffgﬁg%g’app|y
signal s to thdwiid date onip thermernprycdeivices the eatesml pom fiatthten cogdinglreatigdatd rcuit to
sel ect the i.nternal dat% bus to which the wite data signals are coupled
and fron1whﬁ@ﬁlﬁﬁém?@ﬂﬁ %€% signals are coupled, and to apply signals to

t he bank coupling ci rg;ﬁlﬁraﬁ@, JFamteMal HRIrR@BKseOUPl ing circuit to select the
internal address bus from which the address signals are coupled and to

select the internal dgleabtyoftintemabddta busesshi ch wite data and read data are

coupled. 11 2. The nenory, devi cel.of cl aicm 1 erein the banksd%:F menory
celI's conprise banks 8F AN CUP Y6 HE OBTEO Gl R0 QP Pie MEIOTY Adefess

menory

devi ce of ckghfilk borrédpohiiaf t& SRRARSYAdaresses MR he SRR hoft 86 fkMbAed t he
menory conmands fromthe external port and decoding the received commands

to out put con¢ebtbenatemgl adsnersbusesi gnal s. 4. The nenory device of claim3

wherein th d degod i.se. at | east tion of th trol
circuitry. 5. The merdr §oact“BENGr R RRSER oy ARIPIE S SFAg R ormand

bus coupl ed cbRespefidih Qottﬂ@wfiﬁm{&dfr&h%@e%te}ﬁdl’frﬁohhﬁ& £Qpeand onelegarer, and
wherein each of the bank coupling circuits is further operable to couple

t he comuand inf¢mgakdata busssn thh dateanpling Grssittfortherdeingsoneeabile o wsaple. read

data signals corresponding to the read data from a selected one of the internal data
buses to the external port;

a plurality of banks of memory cells;

a bank coupling circuit for each of the banks of memory cells, the
bank coupling circuit being operable to couple the memory address signals from a
selected one of the internal address buses to the respective bank, the bank
coupling circuit further being operable to couple the write data signals from a
selected one of the internal data buses to the respective bank and to couple the
read data signals from the respective bank to a selected one of the internal data
buses; and

control circuitry coupled to control inputs of the address coupling
circuit, the data coupling circuit, and the bank coupling circuit, the control
circuitry being operable to apply signals to the address coupling circuit to cause
the address coupling circuit to select the internal address bus to which the address
signals are coupled, to apply signals to the data coupling circuit to cause the data
coupling circuit to select the internal data bus to which the write data signals are
coupled and from which the read data signals are coupled, and to apply signals to
the bank coupling circuit to cause the bank coupling circuit to select the internal
address bus from which the address signals are coupled and to select the internal

data bus to and from which write data and read data are coupled.



6. The nmenory device of claim5 wherein each of the bank coupling circuit
recei ves respective address signals indicative of an access to the
respecti ve bank, and wherein each of the bank coupling circuits is operable
to couple the command signals fromthe command bus to the respective bank
responsive to receiving the address signal indicative of an access to the

respective bank. 7. 3he mﬁ’i@%eﬁ%\}}% Q@vf&& & lafth 11 WOREEI thd afi! §fna' port

conprises a conmand bus port receiVving the nenory commands, an address bus
port recei vimegdreelisrompyrisa danlssHelynamicdaxdaiab@eksunemoryt cellecei vi ng the wite
data and outputting the read data from 8. The nenory device of claiml
wherein the address coupling circuit conprises an address multi pl exer

having an input bus pert qeuphgmholy defkel ¥€ ddif TeMktherrddmpasing 4 rom the
external port and a plurality of output bus ports coupled t0 reSpective

ones of thecpinmaad idegodst receivng she mgohoes sominagds frofPtheextethal prrtrand, devi ce
of claim1l erein,. the data coupl,ipng ¢ircuit conpprises a.data nultiplexer
having a fi ASOEIE SeeNvEE ApatnLs Ry P EPRPIARAg SPRMAN SElSur al | Ly of
out put bus ports coupled to respective ones of the plurality of internal
data buses. 10. The nenory device of claiml| wherein the control circuitry

conprises a logic cirduit Jéaemampryy devigeadfsclaivat3 avkereipptheecommande addr ess
coupling circuit, the.data couplj.n ircuit -and the bank coupling circuit to
sequenti al | ge‘é’ggﬁc%‘i’prfsﬁéﬁ FWt&MIOIgﬁﬁ¢‘8§§ntbq}§E§ul d internal data buses in
sequence, the logic circuit being triggered by the nmenory commands applied
to the external port. 11. The nenory device of claim 10 wherein the logic
circuit conprises: aStoggllihagmemony fdesise helictrima 3¢l fugkeri spmprigivgipt ed to

;;e)(}::)le: \ég ? OSIF ngllandttbuast ccl)usplecﬂ3 1§ rr%}:eeil\ge iy Qo}ﬂmngldogl%nﬁg ftr(brg RO nm&Rd nds is
decoder, and wherein each of the bank coupling circuits is further operable to

couple the command signals from the command bus to the respective bank.

6. The memory device of claim 5 wherein each of the bank
coupling circuit receives respective address signals indicative of an access to the
respective bank, and wherein each of the bank coupling circuits is operable to
couple the command signals from the command bus to the respective bank

responsive to receiving the address signal indicative of an access to the respective

bank.

7. The memory device of claim 1 wherein the external port
comprises a command bus port receiving the memory commands, an address bus
port receiving the memory addresses, and a data bus port receiving the write data

and outputting the read data from.

8. The memory device of claim 1 wherein the address
coupling circuit comprises an address multiplexer having an input bus port
coupled to receive the memory addresses from the external port and a plurality of
output bus ports coupled to respective ones of the plurality of internal address

buses.



external port; and a plurality of logic gates coupled to the toggling
flip-flop, each of the logic generating a respective signal that
sequentially selects a respective one 9 the internal address buses and a
respective one of the internal data buses each tinme the flip-flop toggles.
12. The nenory devi ce9of clTememogyedexics afirdaipnhivheseipl the gatacGoupling

conpri ses an: . tq.nl i he
respective Egﬁggéﬁﬁﬁggg%S?%ﬂ??§$5$g¥%pu ﬁgyB§$§%£§@%%§§§H%§g¥%§ﬁgctive
ones of thepoflaud alplindlinf ofl sutgut ibak pasl tagte ddsesiectividorses dfttke plutdlitpl exer
havi ng an ou%put port coupled to the respective bank and a plurality of

i nput bus pé& F%mﬂﬁd%F@HmF% respective ones of the plurality of interna
data buses. 13. A processor-based system conprising a processor having a
processor bus; an input device coupled to the processor through the
processor bus adapt edOt o &dhkoventay detioe bfclaimt ¢vdtréintle ddnérotanmitiyer system
an out put device coupled to the Erocesspr throug? t he,. oceﬁsor bus adapt ed

to al | ow dat3mPEsased JaBISUEITF UL BFRHRINE fighRlsr thal f% #pPlistt 1@ 3he Addietbry devi ce
conpri si ng: c%@rlgfgg SR, BO" darf QUUbEL LRclilnd! AECHER! cHSlingOckERLY S MBIy

conmands, ne ddresses, and wite data fromthe procesSor and to couple
read dat a t eequentigllyomeb o6the inteplaliaddressibueds andtimtemal dataltinses sn baquersce, a

plurality of, internal.data huses;. an address coupljn ircuit operable to
Coupte menoty Batocuit being HeaTed by DeBrarceranens efist & bharegele from
the externahoport to a selected one of the internal address buses; a data
coupling circuit operable to couple wite data signals corresponding to the
wite data fromthe external port to a selected one of the internal data
buses, the data coupl g cifeUhl Lur SRSL Helih IBSLARR he 1SRYRIGT 2
comprises:
a toggling flip-flop having a clock input coupled to receive a signal
that is generated each time one of the memory commands is applied to the
external port; and
a plurality of logic gates coupled to the toggling flip-flop, each of
the logic generating a respective signal that sequentially selects a respective one of
the internal address buses and a respective one of the internal data buses each time

the flip-flop toggles.

12.  The memory device of claim 1 wherein the bank coupling
circuit comprises an address multiplexer having an output port coupled to the
respective bank and a plurality of input bus ports coupled to respective ones of the
plurality of internal address buses; and a data multiplexer having an output port
coupled to the respective bank and a plurality of input bus ports coupled to

respective ones of the plurality of internal data buses.

13. A processor-based system, comprising

a processor having a processor bus;

an input device coupled to the processor through the processor bus
adapted to allow data to be entered into the computer system,;

an output device coupled to the processor through the processor

bus adapted to allow data to be output from the computer system; and



data signals corresponding to the read data froma sel ected one of the

internal data buses to the external port; a plurality of banks of nenory
cells; a bank coupling circuit for each3of the banks of menory cells, the
bank coupling circuit being operable tq couple the nenory address signals
froma selected one 8fM&MAYidSYIEE AMPHEBEess buses to the respective bank

the bank  coupling of b UderlidodeLoRfdE ADGKGRLE:10:GRUBLEAd imip L data

signals froma selecte e‘intern uses to the respective
bank and t ocommahds, tnmonyeridredsdsaansd gt dath rfeom tthe proesgsec tnd/ €0 baupte t 0 a

sel ected one qf. the jnternal data buses; and control circuitry coupled to
control i nptRd data tofthe IQEFSE®S coupling circuit, the data coupling circuit,

and the bank coupli ngag;l,_{rg-' tof iktBGalLUds®busesi Fcui try being operable to
apply signals to the address coupling circuit to cause the address coupling

circuit to sel ect theaiphrelityalf iscohabdaga busssst o whi ch the address signals are
coupled, to apply signals to the data coupli circuit to cause,the data

coupling circuit to s@hdddreshEoppling fgulygperablgstor ¢ ERMRE a{FifE dat a

signals areg;j 5’1%'Ebﬁ@kp@ﬂ&ing&&fﬂe‘&ﬁ'&:ﬁ&yhﬁ@re_ﬁé’c@@koﬁﬁﬂl@ ekl pSrt 35 £ sg04ed €d, and
to apply signals to "the bank coupling circuit to cause the bank coupling

circuit to es¢eftthetinternahadddresalbuseaddr ess bus from which the address signals

are coupled and to sel ect the j.nternal datag bus to.and.frqmwhich wite
data and read data aré 236p?oé’é?imaéf’.“‘}ﬁ*ﬁeolfﬁr%@%s@of’@%%e‘ﬁr@yg?térﬁ‘%‘?al%I aim 13

wherein theg Eéndiﬁg tTRAD WY it€ AnlaSHrERRE e RrAPos @ a dY18aRY Gné JIFGREN access
menory cells. 1 15" The processor-based system of claim 13, further

conpri sing é{ltcmhlrmwBMS,dhedata@oeplmg@rwhefunherdxeylmmlﬂm douplaretk ext er nal
port and decoding, the received, co s .t o outpuyt,corr ondi onmand

D gnals. 163 AL COBETBRAINEI AURT BrtR Sromuf a7 RS S S ER FEmEFkai and
decoder conppiées®o fHe k@284l partporti on of the control circuitry. 17. The

processor-based system of claim 15, further conprising a conmand bus
coupl ed to receive the phuakityred banksreflneemoryieeliie conmand

a bank coupling circuit for each of the banks of memory cells, the
bank coupling circuit being operable to couple the memory address signals from a
selected one of the internal address buses to the respective bank, the bank
coupling circuit further being operable to couple the write data signals from a
selected one of the internal data buses to the respective bank and to couple the
read data signals from the respective bank to a selected one of the internal data
buses; and

control circuitry coupled to control inputs of the address coupling
circuit, the data coupling circuit, and the bank coupling circuit, the control
circuitry being operable to apply signals to the address coupling circuit to cause
the address coupling circuit to select the internal address bus to which the address
signals are coupled, to apply signals to the data coupling circuit to cause the data
coupling circuit to select the internal data bus to which the write data signals are
coupled and from which the read data signals are coupled, and to apply signals to
the bank coupling circuit to cause the bank coupling circuit to select the internal
address bus from which the address signals are coupled and to select the internal

data bus to and from which write data and read data are coupled.

14.  The processor-based system of claim 13 wherein the banks

of memory cells comprise banks of dynamic random access memory cells.



decoder, and wherein each of the bank coupling circuits is further operable
to couple the conmand signals fromthe command bus to the respective bank.
18. The processor-based system of claiid1l7 wherein each of the bank
coupling circuit receives respective address signals indicative of an
access to the respective bank, and wherein each of the bank coupling

circuits is operable;to C%B1]}’?00%&%r'%gmyﬁaﬁi(ﬁgﬂé%dﬁr ﬁmhtepgorﬁﬁfﬂlﬂlf%d bus to

the respective bank résponsive to recerv réss signa i cative
of an accesa comnidnd detedepecdeiving bnkiemds. cohiveamisde®@s she ettamabpsy aidm of
claim 13 wherein the external p8rt conprises a.conmand ags port receiving
the nmenory € regRived AMEREds lpoUiRit coresPOnding GOMMENASHBAY- addr esses,
and a data bus port receiving the wite data and outputting the read data
from 20. The processor-based systemof claim 13 wherein the address
coupling circuit conpibses Tha podesssbasad t systeaxesf klvmndS awhemeputthdbus port
coupled to receive the mem)rly addresses .fromthe external port and a
plurality oFOIBH‘LaBgfle%r FURRILseah (R3FIAPATHOn QiStHE LPRRY CYRWEYof the plurality of
internal address buses. 21. The processor-based system of claim 13 wherein
the data coupling circuit conprises a data nultiplexer having a first bus
port coupled to the @Xter dhk ppmessoabesed spstemaifictaymafs, Gutheutompresigor t s

coupled to respective ones of the .plurality of interpal data buses. 15 22.
The brocessroae ByS Earmet t tEreie Ppunthed sl iBrofiecrRigg y
conprises agbQ@et dnld" whirbindSRA' & the Bagik Q:B_ﬁi%lﬁlgt biaduiRriS ARR &rdble te address
coupling circuit, the data coupling circuit and the bank coupling circuit to
sequent i al | goude thegbmmniand; sigratsfadm shidrosssarsilysdo dredespectyabdankdat a buses in

sequence, the logic circuit being triggered by the nmenory commands applied
to the external port. 23. The processor-based system of claim22 wherein

the logic circuit conprisqhe processor-based system of claim 17 wherein each of
the bank coupling circuit receives respective address signals indicative of an
access to the respective bank, and wherein each of the bank coupling circuits is
operable to couple the command signals from the command bus to the respective
bank responsive to receiving the address signal indicative of an access to the

respective bank.

19.  The processor-based system of claim 13 wherein the
external port comprises a command bus port receiving the memory commands, an
address bus port receiving the memory addresses, and a data bus port receiving the

write data and outputting the read data from.

20.  The processor-based system of claim 13 wherein the
address coupling circuit comprises an address multiplexer having an input bus
port coupled to receive the memory addresses from the external port and a
plurality of output bus ports coupled to respective ones of the plurality of internal

address buses.

21.  The processor-based system of claim 13 wherein the data
coupling circuit comprises a data multiplexer having a first bus port coupled to the
external port and a plurality of output bus ports coupled to respective ones of the

plurality of internal data buses.



a toggling flip-flop having a clock input coupled to receive a signal that
is generated each tinme one of the nenory conmands is applied to the
external port; and a plurality of |ogit5gates coupled to the toggling
flip-flop, each of the logic generating a respective signal that
sequentially selects a respective one of the internal address buses and a

respective one of thezg.nt erpgl r%%%f’??%?%ﬁsﬁ%fum 13t er‘%]ibitpé‘f’dn%l t oggl es.

24. The processor-based syste ereln the coupl I ng
circuit conpircistry campeskiradegicrirctit gérexaingtsignalsghatraroappliet tpthetaddwspl ed to

t he respective bank and plurality of.input bus ports coupled to respective
ones of t hEOBIBEaFRyL ofe | Jait cRuping girel 4 o6 bk, Ca Rl SRUNY (hT exer
havi ng an O%c{%ﬁtialﬂoefa'%h ePHRIifdraPaddiessbRsRemH iNEriafddta Bl s 3n RiguERlel ty of
i nput bus ports coupled to respective ones of the plurality (glf i nt er nal

dat a buses. ttg5ogia omstit beingftriggared by thy memaryi conemarsismpplietktoi the extenshpri si ng:
coupling a first nenory address to the nenory device; initiating a first
menory acce®88in a first bank of nenory cells in the nmenory device at the
first nenory address; while the first nmenory access is being processed,
coupling a second nenory address to the nenory device;, initiating a second
menory access in a seednd Haalpredessoeibased systen ef tlaim R whareinytheldagice at t he
second nenor) aﬁdress while the first menory access is being processed, the
second bankc%gp G F,rent fromthe first bank; 16 while the second nemory

access is being procegasgghlingTUp!fiophadinigi dletkBPR bupled i@ Seeive atsigaenor y
device; and initiating a third nenory access in the first bank of nmenory
cells in tHatneesnsraltdyveash tmetans ohihedmemesy \eoruepnds ois vapplied thdhesecond
menory access. i $.being processed in the second bank of nenory cells. 26.
The net hod §¥t%f:qagP?ﬁ?’2a§gf urther conpri sing:

a plurality of logic gates coupled to the toggling flip-flop, each of
the logic generating a respective signal that sequentially selects a respective one of
the internal address buses and a respective one of the internal data buses each time

the flip-flop toggles.

24,  The processor-based system of claim 13 wherein the bank
coupling circuit comprises an address multiplexer having an output port coupled
to the respective bank and a plurality of input bus ports coupled to respective ones
of the plurality of internal address buses; and a data multiplexer having an output
port coupled to the respective bank and a plurality of input bus ports coupled to

respective ones of the plurality of internal data buses.

25. A method of accessing data in a memory device,
comprising:

coupling a first memory address to the memory device;

initiating a first memory access in a first bank of memory cells in
the memory device at the first memory address;

while the first memory access is being processed, coupling a
second memory address to the memory device;

initiating a second memory access in a second bank of memory
cells in the memory device at the second memory address while the first memory

access is being processed, the second bank being different from the first bank;



coupling a first nmenory command to the nenory device along wth the first
menory address; and coupling a second nenory command to the nenory device
along with the second nenory address. 187. The nethod of claim 26 wherein
the first menory command is different fromthe second nenory command. 28.
The method of cl ai m 2%hillaetheisacandempinosit agaess Hebeing pregessed, sbuplimgog y cel | s

conpri se dyﬂlgmlge&ggldé)ﬁre%ggoeﬁl%m_rreen%)rlr}j)éle‘gigé,la%d 29. A nmethod of accessing data
in a menory device, ’ conprising. codpling a first menory command to the

menory device; initiatditigig 4 tHifd meROBY ¥ccasCiasthe ifiistabahk lo$tmdmdty cefls menory
cells in the nenory device responsive to the first nenory comrand; while
the first mihdheymeroey deyise pbithe) third memosy addigspminlg the sseanshmemenpr y
command t o E&%sﬁﬁ%‘é{%p‘ilgé’é %e%’in'tljfg debtld Bk D AR cHRJTOry access in a second
bank of nenory  cel 'R the menory devi ce responsive to the second nmenory
command while the first nenory access is being processed, the second bank

being different fromthe first bank; while the second nenory access is
bei ng processed, couplzgng d he mith Wscfé‘ﬁgﬁrﬁﬂmfﬁlst% menory device; and

initiating a third me . aC j hinShd K WD : C€, in the
menory devi ce respons?é)lli {[% %E?tt%l&rnggﬁrrg(f#g{@ cgﬁgaengﬁe I eJe%(’hc% ilétz%nd
menory accesgthithe fiest ngpnprypaddrsscland t he second bank of menory cells. 17 30.

The nmet hod of cl aim?29 erein %R(g first mam)r%{ command is different from
the second menory comfRHRIINGZ Secopd MeBoRYy, gogmapdl 4o theomemner dsvice #@0g i r st and

second bankgihQhe SRBRE ¥nehfilrd d&EQPT 1 s€ dynam ¢ random access nenory cells.
32. In a processor basec? system havi ng a processor coupled to

27. The method of claim 26 wherein the first memory

command is different from the second memory command.

28. The method of claim 25 wherein the first and second banks

of memory cells comprise dynamic random access memory cells.

29. A method of accessing data in a memory device,
comprising:

coupling a first memory command to the memory device;

initiating a first memory access in a first bank of memory cells in
the memory device responsive to the first memory command;

while the first memory access is being processed, coupling a
second memory command to the memory device;

initiating a second memory access in a second bank of memory
cells in the memory device responsive to the second memory command while the
first memory access is being processed, the second bank being different from the
first bank;

while the second memory access is being processed, coupling a
third memory command to the memory device; and

initiating a third memory access in the first bank of memory cells
in the memory device responsive to the third memory command while the second

memory access is being processed in the second bank of memory cells.



system menory having a plurality of banks of nenory cells, each of the banks
having a plurality of pages of nenory cells, a nmethod of prefetching data in
the system nmenory, conprising: prefet¢fling data froma first of the banks
of menory cells in the systemmenory by prefetching data fromless than an
entire page of menory3€el i dThej methad fofy slaipadR: wAREIMNIDE o gt B1CHIO8Y bei ng

transferred CB#"%@?@%@@?@@?E%OEQHL&%{Y%Bﬁﬁﬁ&pr responsive to the

prefetching o menory cells, initiating a
prefetch of data froma second of the banks of menory cells in the system

Temory col 1S in the sadona WA meabor Sien AEMISE o eaIal HHOECUERR C ho
b O AP R S e e tevl %, S8 The
second of the banks of nmenory cells in the system nenory conprises coupling
a menory command and g, e Y A o based Syem Bving A Drocessor coupled to
system memory having a plurality of banks of memory cells, each of the banks
having a plurality of pages of memory cells, a method of prefetching data in the
system memory, comprising:
prefetching data from a first of the banks of memory cells in the
system memory by prefetching data from less than an entire page of memory cells
in the first bank; and
while data are being transferred from the system memory to the
processor responsive to the prefetching of data from the first bank of memory
cells, initiating a prefetch of data from a second of the banks of memory cells in
the system memory by initiating a prefetch of data from less than an entire page of

memory cells in the second bank.

33.  The method of claim 32 wherein the system memory

comprises a dynamic random access memory device.

34. The method of claim 32 wherein the act of initiating a
prefetch of data from a second of the banks of memory cells in the system
memory comprises coupling a memory command and a memory address to the

system memory.



