WO 03/ 007303 PCT/ US02/ 22458 Menory Device Having Different Burst O der
Addr essi ng For Read and Wite Operations Background of the Invention
Field of wbhasjesenti on [0001] The present invention is di PextEsd2/Lmssrenory
devices and, nore particularly, to nethods and circuits for reading
information out of and witing information into the nenory device.
Description of the Background [0002] Conputer designers are continually
searching for faster nenory devices that wll permt the design of faster
conputers. A significant limtation on a conputer's operating speed is the
time required to transfer data between a processor and a nenory circuit,
such as a read or wite data transfer. Menory devices such as dynam c
random access nenor iMen¢iyHPétide Having DiffereutBayst &rider Addossingccess nmenori es
(SDRAMsS), flash nmenories, et @orReadaaldlWriteiOpedtioas | ar ge nunber of nenory
cells arranged in one or nore arrays, each array conprised of rows and
colums. Each nenory cell provides a |ocation at which the processor can
store and retrieve one bit of dffchkerciRARIftHERMVeRfiGIred to as a nenory bit
or nbit. The nore quickly the processor can access the data within the
menory cells, the nore quickly it can performa cal cul ati on or execute a
program “Siﬁ@dBPﬁeﬂﬁkﬁﬁod 0003] FIG 1 shows, in part, a typical conputer
system architecture. central processing unit (CPU) or processor 10 is
connect ed t ¢0@01pr oc 8hs presd snvERtionnidirbctedhtotruemoryidsviceramdcinend padicalaslyst em or
menory controller .14. The. menory. controller 14 .may be .connected tp an
expansi on bUSmEEOdH SHEHE " COTEaHPBRateR WbP G e BAPReE OB try 1
WO 03/ 007303ndntely WS 22458 bet ween the processor 10 and a nenory device
18. The processor 10 issues a command and an address which are received
and transl ated by the nmenory controller 14. The

Description of the Background

[0002] Computer designers are continually searching for faster memory devices that
will permit the design of faster computers. A significant limitation on a computer's
operating speed is the time required to transfer data between a processor and a memory
circuit, such as a read or write data transfer. Memory devices such as dynamic random
access memories (DRAMs), synchronous dynamic random access memories (SDRAMs),
flash memories, etc. typically include a large number of memory cells arranged in one or
more arrays, each array comprised of rows and columns. Each memory cell provides a
location at which the processor can store and retrieve one bit of data, sometimes referred
to as a memory bit or mbit. The more quickly the processor can access the data within
the memory cells, the more quickly it can perform a calculation or execute a program
using the data.

[0003] FIG. 1 shows, in part, a typical computer system architecture. A central
processing unit (CPU) or processor 10 is connected to a processor bus 12, which in turn
is connected to a system or memory controller 14. The memory controller 14 may be

connected to an expansion bus 16. The memory controller 14 serves as interface circuitry



menory controller 14 applies the translated conmand signals on a plurality
of command lines 20 and the translated address on a plurality of address
i nes 22 wo oBler3nenory device 18. These command signal s &cCa/uset/b24k$1own in
the art and include, in the case of a DRAM RAS (row address strobe), CAS
(colum address strobe), WE (wite enable) and CE (output enable). A clock
signal is also provided on CLK |ines 24. Corresponding to the

processor-i ssued comand and address, data is transferred between the
controller %é‘twe@xpﬁlegs?&egg%g@%ndlgm\éfn%r}ﬂ@év%qtfih Tlh'e??&:e%gr 16 R0Q41 cIhanEmory
18 typically conprises a nunber of neEnory ranks 27, a representative one
of which i sand dnumtdress edhidhraréteGeivad andriranklated by dinpinemotyraenirellesrly. daak 27 s

fi df 64- bi t t havi ight 8-hit ' '
38(0) - 28( 7) ToPREY CQRIER Y P RE tatte Eoal et & SRl s o oy
circuits 28(ifsRBnd)hé Manslafd dddrks @'a plurhlidy sBa0dress liffles(22itg thelherh@yidegice

addi tional ranks, separate CS conmmand signals would be, provided for each
rank. Hence 18+ hBessgammad siggrlaprecell knopmiin the srbgnd ipelpds, 81 the caseodak- speci fi ¢
command si g aniT i ﬁﬂﬁ%&g o QtrSbd), WRSwrHBEbY) ghd Cui t's
28(0)-28(7) 1n thiggrsg(gc&&%%ﬁ%érgigﬁ?%%’aqhﬁsg% er rrerr%ry Cl r)’cui tgm( not shown) in
al | other r&ik®uipnotnablepwd)clark signel iselso pyovidd ord(Ide Jines . didrespandingdo22 | s
often referred to as gl pbal onnected., [00051.A synchro SDRAM)
s & enor v traupdsse Rl i R Ry T RRael R SR DR Pt e

i nternal opehd@ihedsmordt 18 €id ditdpathdiige26f addresses at high speeds. In a

typical SDRAM a read/wite rate of 100 Moyt es/ sec or rea%&(r is possible.
To achi eve $UOA] spedds meppay F & H@IGRHY PRMBESCHA » ,\ﬂfirger%gy "edd n a burst

mode. Burst g@n%ﬁv@om}f?éh Rudlsesed ALERSS. ‘M‘ﬁﬁsee)gﬁ{p?e, hﬁ"rﬁaﬂ(g? Ii‘glkzﬁ{re row

addresses are read or witten continuously in blocks of 2

words. |n addionfigured farres4albit exstent, bavisg cighivb bl seimory piecuits 88(0)128(Tradbe by
sinmply providing the star re f . th 0 er Wa F i ni ng
ddr eases areaantr et SRR O Pure i et b SRR RO " T
nmode of opetiadiafin27. Sei@emhbs] 18Q(Fid. 1) kavirgpadditiohhlerantogsepanfe Cp esratpmh | S
determ ned by an address sequence_ fraom.the U. Addresse ar each Dburst
addr ess seqG’@H@éwﬁé{%r%‘@e‘gg’ﬁéi‘%‘tréﬂ? IIEIGH’CFH e%@’ﬂfﬂ‘@ﬁf ?1%‘?"3 ﬁ'{?d%?g‘ﬁkl addi tion

of the referred to as a rank-specific command signal. The address bus 22 is connected to all the

memory circuits 28(0)-28(7) in the rank 27 and to all other memory circuits (not shown)
in all other ranks (not shown) of the memory 18. Hence, the address bus 22 is often
referred to as globally connected.

[0005] A synchronous DRAM (SDRAM) is a memory device capable of
sequentially accessing, by virtue of internal operations, a certain range of addresses at
high speeds. In a typical SDRAM, a read/write rate of 100 Mbytes/sec or greater is
possible. To achieve such speeds, the read/write of an SDRAM is performed in a burst
mode. Burst mode is a mode of address access where data having the same row
addresses are read or written continuously in blocks of 2, 4, or 8 bit words. In addition,
the access for such words in the block is made by simply providing the start address of
the block. Afterward, the remaining addresses are generated automatically in the
SDRAM in accordance with its mode of operation: sequential or interleave. The mode
of operation is determined by an address sequence from the CPU. Addresses for each

burst address sequence method are generated, in the sequential mode, by addition of the
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-2 WD 03/007303 PCT/ US02/ 22458 burst start address and an output of an
internal counter. In the interleave node, the addresses are generated by
an excl uswo@3@rR3od the burst start address and an out put @CTArs0222s%r nal
counter. The sanme wap node is used for both read and wite operations,
with all colum address bits used for both read and wite operations.

[ 0006] As cl ock speeds increased above 200WMHz (i.e. RDRAM or SLDRAM), the
core operation of the DRAM did not increase at the sanme rate. Therefore,

the DRAME  GRRPitsE 8eliréRend Q@G&pam“ aMintb@8] @fntér. O tBe Welavd Mb&S, Bl | y and
then output the word sequenti a@?CX onto the external bus. As entire groups
us

of data wor dddrpgsesarp gﬁmﬂgatsci bnat ive OR pbthe busst stait gédress@ad an ewpuiraf an
addr esses WehEnRQol il hd GRS, aﬁ}n%e Qisbdfor BEHA a<i%g3\@texp&5noﬁﬁwﬁ%9@

wor ks wel | or write da cont er tot
aligned to aolamhaddxfesdbltsdﬂe&\mebﬂlrba&tmﬂmtaopemmmte bl ock of data wor ds is

2l vays 1 ecel QG 11 r & clasy sprrds Foresa10aYS AT U h DR o5 L REAA, I

system Thec&%%geﬁﬁb§6§thémmm1&ﬁbt%&€d§e af tB& Sanh VAN, ”HMMeStH@DRAMQQ the
bl ock transfers of data words while delivering the nost critical word

first to theowplsteddhd ispds andarriteoend ondwards ntsmslly and thew otaufriheweidon

t I I
Peat oro. SoseSERidR PR NAANNO Wsthif oo IR MO, SUBROR, nala, NO
an addressi tig: Isasheigsifiamt calismciddtessts harcvaloagdroranghittedvid the DRAMdI f f er ent
types of ac for,readi one. f t t ak .. A
mgﬁor y devi i@ﬁ’?bn &B&&S@Hmaw r&%‘?ﬁf‘apﬁo eit%gérlr’?tail Cnﬂtr@g%ﬁ? ﬁ’fgjs[?‘gﬁ%esd? ality

of arrays @in BedMin¥d fd the BRI HRRRYE b&@lyée%%m%![e@e Boel bRk %éds iseadi ng
i nformation out of and for wrjting infornation i nto the plurality_of

nmenory cel | &ransfereed mithegsame tiesoior esads itheanpst Cﬁ@%m ipaot @Wélé?lie‘a"rl}‘le ess
bits for ordgtidinBbhict LEERIHPELA LRIy bl QLIEANIHR] oAl AYS:

addr ess sequ ncer fof touting cert aln of ess Its to thhe reor der
circuit duratePRAMesonap eulaiortmg the block transfers of data words while delivering the
most critical word first to the controller. Additional need exists for a communication

protocol between the memory controller and the DRAM to support such a new feature.

Summary of the Present Invention

[0008] The present invention is an addressing scheme and associated hardware to
allow for two different types of access, one for reading and one for writing, to take place.
A memory device constructed according to the invention comprises a plurality of arrays
of memory cells. Peripheral devices are provided for reading information out of and for
writing information into the plurality of memory cells, including:

a reorder circuit responsive to certain address bits for ordering bits received from
the plurality of arrays; and

an address sequencer for routing certain of the address bits to the reorder circuit
during a read operation.
[0009] The method of the present invention comprises reordering a block of n-bit
words output from a memory array according to information in certain address bits before

outputting at least one n-bit word from a memory device. In an exemplary embodiment,
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[ 0009] The nethod of the present invention conprises reordering a bl ock of
n-bit words output froma nenory array according to information in certain
address bwOD3bef’os e outputting at |east one n-bit word fPCHUSINEISS y
device. In an exenplary enbodi ment, -3 WO 03/007303 PCT/ US02/ 22458 the
method is for accessing a DRAM and is conprised of the follow ng: using the
val ues on the bank address inputs to select an array bank; using the colum
address provided on inputs A3 - A, where i is the nost significant col umm
address; usiponhe g%weees@ﬂg ampmlwg@&nﬁﬁea OPH Folffhing 2udify fdentify a
bur st order for a read acce and 1 gnoring the colum address provi ded on
i nputs AO - Vﬁlzemnﬂlngamka/ddretselr@ctsé@selectmasaylﬁamﬂ( reads a specific 8 bit
burst is identified t t_Si nlflcant o] dress , bi whil e the
| east signifi canPSlﬁgﬁéc n% % dtedlp g%s 1Cv?t|1 ?lc%slltheﬁlsr’% and the
read wap sggraseoRinieiddids critical mord For wites, the burst i's
identified by the nost significant colunm addresses Cﬁgﬁ bei ng
"don't care" bit ¥iBgtherelninpddeesypryvidedon dpuisy eﬁé@ﬁ%ﬁ/ gpader £pte
possi bl e [0Q1L); AResk;ppartant feature that results fromhaving a read access
that differs from the wite access is that reads are carried out in a
manner so that t kgnodng thecalunwoaddrdss proaidaf on patst A0 + A dmngayvrtt@mclesﬂ | er
such that a |nterle ved b ot her
hand, can b hs? rii%rl F39° eadsPBa%éllcegth%rs(gls l§ r’?lﬁpggﬁehﬁtrp%ﬁt Sllgmtf%?ﬁt gt LIllea%\i\'ll?els e

data may be bggﬁiﬁﬂaﬂﬁdeafs’f gipnifednabheCA0i- CARIdbeify THangst estidal wonleidttheread

supports inproved latency for the system by providing th nory

control | er WTEhSSAHENce Aftey arfnkmi Ford. rhop writesj th bugshis 1@5@@&#}?@@@% have to
reorder the  Laldumn c%ﬁgﬁﬁmé&gés%hﬁ@meumn@%n%ﬁee bit§ MIRBIR beldvose,

and other advantages and benefits, wll be apparent fromthe Description

of the Pref é}th@dInE}mutattemm@e@p@@ampw@lher ei nbel ow. Brief Description of
: 22 d Plr )al‘wppg ({lgg 11] fA:;?ggnp%Hgnt RLfmE %at %&Mﬁ{'ﬁ&ﬁ 'ﬂa%gg Q ?eaﬁ%%ésy thlé{p(ﬂ%l%tfpo%g and
the wnte access is that reads are carried out in a manner so that the critical word is

available to the memory controller such that an interleaved burst mode is supported.
Writes, on the other hand, can be simplified based on a start sequential burst as the write
data may be generated from data held in cache. The present invention supports improved
latency for the system by providing the memory controller with the critical word first.
Also, the system does not have to reorder the column address bits between read and write
commands. Those, and other advantages and benefits, will be apparent from the

Description of the Preferred Embodiments appearing hereinbelow.

Brief Description of the Drawings

[0011] For the present invention to be easily understood and readily practiced, the
present invention will now be described, for purposes of illustration and not limitation, in
conjunction with the following figures, wherein:

[0012] Fig. 1 is a functional block diagram of a computer system architecture;

[0013] Fig. 2 is a block diagram of a bank of memory circuits;



present invention will now be described, for purposes of illustration and
not limtation, in conjunction with the followi ng figures, wherein: [0012]
Fig. 1 iswaoBuemsbi onal bl ock di agram of a conputer systempamTaisny/zastir e;
[0013] Fig. 2 is a block diagramof a bank of nmenory circuits; -4 WO

03/ 007303 PCT/ US02/ 22458 [0014] Fig. 3 is sinplified block diagramof an
architecture for inplenenting the burst read ordering of the present
invention; [0015] Figs. 4A, 4B and 4C illustrate addressing in a 512
nmegabit x4 Fﬂﬁﬁh} X8FRARYg smgﬂﬁea@a@clp@iagramr&%ﬁeﬁ}hﬁt&&haé,foﬂlﬁlpuéii@e%hg thet he wrap
start location tor the critical word; [0016] Fig. 5is a sinplified

bl ock d|agrbnmbﬁmQOEbﬁp®@%$ﬁ9?5@@Nﬂﬁﬁﬁmhlch the present invention may be

used. Descri n ot. th r ates a
sinplified 15@1'5& di iélggrsa“rﬁﬁo %ﬁ‘g‘?gﬁm%‘g %dr}%g#%“[‘ QQM‘% a%aHél‘g]?M

i mpl ement i ngnd KBS s, Bdspectiaelyptod@entifig the fwrbyh stap ieation for ﬂw&mﬁmﬂmzorEUEdDRAM
menory device 29 is_conprised, qf command/ address in buf

responsi ve 1¥18 cofignds %ﬂ‘é“pl)‘ge‘é:@ﬁﬁlﬁglga <& CORPPULER S 1tﬁ%%lleor addr ess
lines. A conpRad inAeGaIRAEy BOGscaequencer 32 and an address sequencer 34 are
each responsive to the connand/address i nput buffer 30. [0018] A bank
address decoder 36 is responsive to the address sequencer 34 while bank
control logic 38 is responsive to the bank address decoder 36. A series of
row |atch/decoder/drivers 40 are responsive to the bank control |ogic 38
and the address sequencer 34. One row | atch/ decoder/driver 40 is provided
for each nenory array 42 Il1lustrated . in_Fl e elght nmenory arrays

| abel ed bank 0 through banReS‘?“pt‘%B&) ifgfepre %%Pg iments ght r ow

Iatch/decoder/drlver circuits 40 each responsive to on ank hr ough
bank 7. [00I¥17h coFffpm? Ve deianking Hedh togramot ap g 6%% rtaoDﬁﬁ@f

address seq ldmwof%pméauﬂg e 98ist 294 Giderité bf 6 pletert GRRAMGI. VEelIRAKE coOl umMm
| at ch/ decode circuit 44 for

memory device 29 i 1s comprised of a command/address input buffer 30 responsive to a

command bus or command lines and an address bus or address lines. A command
decoder and sequencer 32 and an address sequencer 34 are each responsive to the
command/address input buffer 30.

[0018] A bank address decoder 36 is responsive to the address sequencer 34 while
bank control logic 38 is responsive to the bank address decoder 36. A series of row
latch/decoder/drivers 40 are responsive to the bank control logic 38 and the address
sequencer 34. One row latch/decoder/driver 40 is provided for each memory array 42.
Illustrated in FIG. 3 are eight memory arrays labeled bank 0 through bank 7.
Accordingly, there are eight row latch/decoder/driver circuits 40 each responsive to one
of bank 0 through bank 7.

[0019] A column latch/decode circuit 44 is responsive to the address sequencer 34.
An I/O gating circuit 46 is responsive to the column latch/decode circuit 44 for
controlling sense amplifiers within each of the memory arrays 42. The command/address
input buffer 30, command decoder and sequencer 32, address sequencer 34, bank address
decoder 36, bank control logic 38, the row latch/decoder/drivers 40, column latch decode
circuit 44 and I/O gating circuit 46 are considered to be a first plurality of peripheral
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controlling sense anplifiers within each of the nenory arrays 42. The
command/ address input buffer 30, command decoder and sequencer 32, address
sequencerwB43/obmnk address decoder 36, bank control | ogi ®C381S02/tea5% ow

| at ch/ decoder/drivers 40, colum |atch decode <circuit 44 and 1/0 gating
circuit 46 are considered to be a first plurality of peripheral -5 WO

03/ 007303 PCT/ US02/ 22458 devi ces responsive to the command bus and the
address bus. The description of the forgoing elenents as a first plurality

of peri pher ghvid@tGRasivStol thé BdtRBENd KasRh@WiedRidRss BIRS At RE4PBLS of the
presently preferred embodiment, and is not intended to limt the scope of

the i n?/fantl drgeing slementsiae afiastiptuselit @f perinheral dodees i intandechiomyodde 2 | in t he
Mo oot 1+ AELFPUGFoL e bRl o B R G lpa Kb G IR REERERAR,

may be accesféd nwmﬁugtm cmlpihulr@ueﬂ xle\aéesd%asqﬁcbsdlﬂﬁyfshﬂ ieitHeherwilla wite
operation or a read operation. [For wite operation, data on_.data ads 48
'S recel vedroBgniFRtial YEpLCoRpisHant ofdeniet HeY ptied e pilpEr thesfrstgipphty
buffers 54 BppdifhefalgeviégCei ved data which is then input to a wite latch
and driver circuit 56 for input to the nenory arrays 42 through the 1/0
gating circli®0ke. [[boRRANEOaapectscessed thrayeh pplality ohtlathpa pyeither ay's

42 is outpu ﬁ}&ggﬁ'&&%ﬂﬁna%a}% mi%?z&foﬂg FSH%H% ?p‘éﬁau%ﬁ dhd &Pxﬁk @&dﬁ'ﬁ g98. From

the read | atc fon 1S 1inpu reorder
circuit 60 whehd byﬂreﬁ#&iv@rstﬁl@&md@hﬂe@ﬁimpltltheglstaﬁséZpaMStelbﬂffbﬂeréﬂngffer tei vers

62. The recei ver Isters wite |latch and
river i r SEiFeB ds TR E T ot vriredateh pid T s TohARHt edherer
circuit 60 apchddy bﬁ@ysazﬁﬁmugpﬂarem@ga@l aeenge.pl urality of peripheral

devi ces responsive to data. The descrl ption of the forgoing elements as a

second pl ur #4028} of Dstarwhikleisdp beesad deosn the memasyi deayst4d ippuippdiroggh the /O
description %négt&%yﬂ%%@gfréaﬁ1851%@151%91@@?&&'15{8{%8 tﬁeglﬁfev A% ish ‘F{Bdaed to

limt the s the 1nvention to on e reci I ces. ose of
ordi nary sknﬂdltlplexdr/h@rdartmmﬁ 60 wheh«)gmumm feetd omtid hl@rdad:aop’dds Adthromgh of

ggz: g:g _ may dpnelerg %S dTEle recei ers r}%p&tqgglgtgr%%a wrlpe buf ers §4ywr1te Bith Iaﬁ&' 81"196'1’

circuit 56, I/O gating circuit 46, read latch 58, mux/reorder circuit 60 and drivers 62
comprise a second plurality of peripheral devices responsive to data. The description of
the forgoing elements as a second plurality of peripheral devices is intended t;) provide a
description of the presently preferred embodiment, and is not intended to limit the scope
of the invention to only the recited devices. Those of ordinary skill in the art will
recognize that other combinations of devices may be used to implement the second
plurality of peripheral devices.

[0022] In general terms, the purpose of the reorder circuit 60 is to reorder a block of
n-bit words output from the memory arrays 42 according to information in certain
address bits. As seen in FIG. 3, there are eight, 8 bit words available at the input of
mux/reorder circuit 60. Mux/reorder circuit 60 also receives the three least significant
bits of the column address (CAO0-CA2). Those three least significant bits identify the
most critical word in the block of eight, 8 bit words to identify the word to be output first

and where the wrap is to begin, i.e., the read begins with the critical word and if the



[0022] In general termnms, the purpose of the reorder circuit 60 is to
reorder a block of n-bit words output fromthe nenory arrays 42 according
to i nforrMaDiodnoidm certain address bits. As seen in FI G PCTiUuser/z2458 e
eight, 8 bit words available at the input of nux/reorder circuit 60.
Mux/reorder circuit 60 also receives the three |east significant bits of
the columm address (CAO CA2). Those three least significant bits identify
the nost critical word in the block of eight, 8 bit words to identify the
word to be odehitwdidiSiny wad otee fn Hiew S AP pbsitid00, edield whap€ asoubhdGomead
begins with the critical word and if the -6 WO 03/007303 PCT/ US02/ 22458
critical worRpsitiongrig pegitien @iteompletatherpad- wor d at position 0, the read w aps
around from iti . it : : Mor e
part 1 cul ar 1y B2 | oViofe paRiRAEH! Wil el RaRERAE Profifed ARMha IR ERlhe

i nvention, wineetiany ehoh ceadermimas is exeiveddhe viiae oratha dadnaddness bpots BARIr ess

i nputs BAO a ot shgwn) selects one of th ry. arrays .42.

A ees it dPRA Dot S nc o s Trmon Tien i Aads B dioh i ity ¢ ni n
each array 4geeiVdmewmdRiREG R 2% WAR owwithiRREEISarY 42N TR aRdrbis gridigsdon
equals 8 for a x16 part, 9 for an x8 part and 10 for an x4 part) selects

t he starti ngnpes ddrittogshii orherResanplsidigr 2 vlpag, 93or anid nagapdd 0der andut s AO
th h A f - A9 The o i QN ¥
roug }gaﬁ?gelé%%‘ﬁxgs%geco% {glstion, %ﬁéerﬂﬁg{orﬁ@. SMhé Oaﬁl&eon 1?3\%%A0

si gni ficant 'S Thput to't x/'reorder circul Those
val ues ar e atheduigh i dorat x8 papitrs CABGCANr Bhiginfoathatidinmtthe khasipatficant hident i fi es

the nost critjc rd which is output .fir the mux/re er.circuit
60, Fros, - aCABEALR ot g o pperBi el o T85e g ier B RSB RTR vl s
part, x8 parAg ti#pehnoa X That Refbimatiof SRAGFHEVBE Ynos{ 4] wdr whachik blipuofst at i on,
the bank is identitied in the sane manner as for a read operatjon.

Similarly, thethemxiperderaicuitilabliedd, #B8, andedt: illuptaate the adgiessingder pabher .
However, durj j ! j avail abl e at inputs AO0-A2
are ignored llgﬁ bﬁg\g Srﬁse)é lgo ’gféd %{(;Xv&é%gtogéglf&%gy'pr esent invention is an
addr essi ng si®f24te t hér aabiitowperniger shetbank isidentified i theismhemawz edl fdyarread node
so that the gﬁ’ellre}tljo%fi %irg\{?grg/, bR s%\r/t;iiﬂgl c%?ulrr?ng résrs]?s iggnq}f{eglilla fle same manner.

However, during a write operation, the signals available at inputs A0-A2 are ignored and

assumed to be low.

[0025] The present invention is an addressing scheme that allows reads to
incorporate interleaved burst mode so that the critical word is available to the controller
while writes are simplified to a start sequential burst. In a preferred embodiment, access
to the DRAM is always with a burst length of 8 bits. All write bursts are indexed to
starting locations equal to CAO =0, CA1 = 0 and CA2 = 0. For reads, CA0, CA1 and
CA2 specify the first data word read from the DRAM 29. The remaining seven data

words are read as shown in Table 1.
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read fromthe DRAM 29. The remai ni ng seven data words are read as shown in

Tabl e 1.
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[0026]
the present invention may be implemerited. The computer system 110 includes a

processor 112, a memory subsystem 114, and an expansion bus controller 116. The

FIG. 5 is a block diagram of one example of a computer system 110 in which

-7 WD 03/007303 PCT/ US02/ 22458 TABLE 1- WRI TE AND READ | NTERLEAVE

SEQUENCES Starting Colum Data Word Data Wrd (CAO CAl-CA2) Wite Sequence

7
6-7

-6-7

6-7

The
" and
ocal
one
as

di a
be

a
es

memory subsystem 114 and the expansion bus controller 116 are coupled to the processor

112 via a local bus 118. The expansion bus controller 116 is also coupled to at least one
expansion bus 120, to which various peripheral devices 121 — 123 such as mass storage
devices, keyboard, mouse, graphic adapters, and multimedia adapters may be attached.
Processor 112 and memory subsystem 114 may be integrated on a single chip.

[0027]
“coupled to a plurality of memory modules 125, 126 via a plurality of signal lines 129,

The memory subsystem 114 includes a memory controller 124 which is

130, 129a, 130a, 129b, 130b, 129¢ and 130c. The plurality of data signal lines 129, 129a,

129b, 129¢ are used by the memory controller 124 and the memory modules 125, 126 to
exchange data DATA. Addresses ADDR are signaled over a plurality of address signal
lines 132, clock signals CLK are applied on a clock line 133, and commands CMD are
signaled over a plurality of command signal lines 134. The memory modules 125, 126
include a plurality of memory devices 136 — 139, 136’ — 139 and a register 141, 141°,
respectively. Each memory device 136 — 139, 136’ — 139’ may be a high speed
synchronous memory device. Although only two memory modules 125, 126 and
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130, 129a, 130a, 129b, 130b, 129c and 130c. The plurality of data signal
lines 129, 129a, 129b, 129c are used by the nenory controller 124 and the
menory nowo0le®07B25, 126 to exchange data DATA. Addr esses PADDROARAHSSI ghal ed

over a plurality of address signal |lines 132, clock signals CLK are
applied on a clock line 133, and commands CVD are signaled over a
plurality of command signal |ines 134. The nenory nodul es 125, 126 include

a plurality of menory devices 136 - 139, 136" - 139' and a register 141,
141", respaedbuRla%i %%%s@mwwqybcqsé@ﬁe shdoh int6. 5, it d3a vedkar a_hi gh

speed synchronous devi ce. 'Al't hough only two menory nodul es 125, 126
and -8 VI)03%@6@Bm®m@€vfm@@@ﬁ@@mé@csG@@@Gmaied signal lines 129 - 129c, 130

- 130
nndulgsaggni@ﬁﬁﬂsedTﬁ ghggry?%mggﬁﬂpgiﬂﬁy sF%hasb?ﬁﬁgsﬂ%ngﬁfwﬁﬁgnengéﬁ
-130c, 132, cévple t}ib?;ﬂemhmtbduteeupis €126 I’D@t}ﬁ'&lﬁﬁiﬂigty eottdlles 12424e kikéon hothe he

menory controller 124 are known as the nenory bus 143. The ne s 143
may have add@iBRERS &439 rae MemRry bitk i 4hmay Bavgeadditiopa] signal lines Wéufg?affg W’F’E

exanpl e chi Rn§gh Gfthe bitNBs exéﬂtnBlg E'm rsﬁe&‘?fheé l\x‘h'i@lta{r@f'n&qllﬁﬂateﬁ' fGPAu‘nﬁh&by Each
colum of nenory devices 13 9' spanning the nenory bus 143

is known aﬁaahcdnﬂnn@fmmmygﬁvu@eﬂé@alw%,wéiﬂ@Besmnrdegﬁemgombdsjl is such

as the ones |IIustra 8 i ont i
ovever " aokprih B Hik R plsthob. TR O Rh e iR el SR ol ARNes
al so be useduus&&féa‘iﬂ FReanc@iﬂmﬂalsﬁngﬁﬂlubfmemb@l |Ht)v&y61(;ﬁblﬁh1é gidel ﬁnembfye cl ock

signal CLK, which is  driven acr ss a plur g % of . cl ock signal |ines, 130,
130a, 130b mosigies coptpingmedye g2y HEHF“yg%YP P %ugvnchronlzed to the clock

si gnal B0t N | Redl IMETS RREASSIANS h%rﬁiédttb( tlféf 1 &'sﬁ@ﬁiﬁl SLRNRhichiges
130, 130a JSObT 130c b by th eﬁﬁ%nnry ?o%?%o .CO Commands and lcaddresses

are also cl dellYelanH@&Srag)lmmth&f@bI@k§1ggﬂd1ne$zl_1l3(0,vﬁ|0@,h13pb B0py 8Yritp date reinpgnor y

control | er %%ﬁal@l ;93}%‘01%196 tro%lgé c% gr%gﬁLKTﬁélcgg%n%%g a%gg{rfl% gmglﬁkgf 125,

126, respec ernlna cl ock

si gnal |i negldtB4ignallldizs 1383 304,438 pledBleejz the nadneord coailley 1 20 updretladds ahfie

registers 14:cllareg's%g' eregisotcli]oeckgy ggrlig the clock signal CLK which is driven by the memory
controller 124 across the registers 141, 141" of the memory modules 125, 126,
respectively, to a terminator 148. The command, address, and clock signal lines 134,
132, 133, respectively, are directly coupled to the registers 141, 141' of the memory
modules 125, 126, respectively. The registers 141, 141" buffer those signals before they
are distributed to the memory devices 136 — 139, 136' - 139’ of the memory modules 125,
126, respectively.
[0030] While the present invention has been described in conjunction with preferred
embodiments thereof, those of ordinary skill in the art will recognize that many

modifications and variations are possible. Such modifications and variations fall within

the scope of the present invention which is limited only by the following claims.



nodul es 125, 126, respectively. The registers 141, 141" buffer those
signals before they are distributed to the nenory devices 136 - 139, 136

- 139" ofwohe/oemsndry nodul es 125, 126, respectively. [0030i/08h2/2ms8 he
present invention has been described in conjunction with preferred

enbodi nents thereof, those of ordinary skill in the art will recognize that
many nodifications and variations are possible. Such nodifications and
variations fall within the scope of the present invention which is limted
only by the Wliiomhiakqgs.ai ms. -9 WO 03/ 007303 PCT/ US02/ 22458 What is
claimed is: 1. A nenory device (29) conprising a plurality of arrays (42)
of menory cells laddmgmeipdryicel(2Yepinpaising 3@lurdity of arrayma42)3g meamry defls 46,

50, 52, 54, 3 .62) i i Df t (o] f r witing
infornation35§P8%§§F@98P%%4?9?3=%¥%§g¥§?9“ﬂ%gﬁﬁ§:h@ﬁ%’ﬁﬁégaﬁgﬁgH%Pinc|uding
a reorder cireading in{orRpticsrecanofand/for Weiting irifermmtiad dite Ssid plurslity bbmemoder i ng
bits received fromsaid plurality of arrays (42) and, an address seqguencer
(34) for r&EiSMY i R R é@gf%p@&m tp GEFRALCETS OTf (60)

during a reag QB&HRIHiRReceRred Hith SRIPIALAEY £Ryé 42) Ad & RAlaresd safiedcel pagai d
address sequencer (34) routes at least the |least significant tw bits of

t he col um deidioating cetainfifsaidaddreys hitswp said fevader gircwit @Ohrluringrrencad epesatiod.
address sequencer (34) ignores said certain of said address bits during a
wite operation. 4. The nenory device (29) of claim1l wherein said reorder
circuit (60) recel IHhs neemdd) deKced29)ofblaim Wovldseih saadnddied spduehedri(34) radtesar r ays
(42) of rrermréacells and n bit word in response to

tputs. a rticul ar
the identifid ?téli‘?%?Stéﬁpggﬁ‘grﬁf"f’@ﬂ}?ﬁft%ﬁcﬁliu{m\ﬁéfhiﬁ’s%y said certain address

bits. 5. The nenory device (29) of claim1 wherein said nenory device (29)
includes a DRAM 6. The nenory device (29) of claim1l wherein said address

sequencer (34) i3 Thespwoirsy deviea(28befrrdainr | whasingaid addeesespquincerdd4)

ignores said certain of said address bits during a write operation.

- 4. The memory device (29) of claim 1 wherein said reorder circuit (60) receives a
block of n bit words from said plurality of arrays (42) of memory cells and outputs a
particular n bit word in response to the identification of said particular n bit word by said

certain address bits.

5. The memory device (29) of claim 1 wherein said memory device (29) includes
a DRAM.

6. The memory device (29) of claim 1 wherein said address sequencer (34) is

responsive to command lines and address lines.

7. The memory device (29) of claim 1 wherein said data pads are responsive to

said reorder circuit (60).

8. A system comprising:

a processor (112);
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7. The menory device (29) of claim1l wherein said data pads are responsive
to said reorder circuit (60). 8. A systemconprising: a processor (112);
-10 WO 03wO00380B80PCT/ US02/ 22458 a nenory control | er (124pCrasponss/e to
sai d processor (112); a first bus (118) interconnecting said processor
(112) and said nenory controller (124); a plurality of nmenory devices
(136, 136', 137, 137', 138, 138, 139, 139'); and a second bus (143)

i nterconnecting said nmenory controller (124) and said plurality of menory

devi ces (136, 13§merﬂo’§ycoﬂtﬁ’ﬂleﬁ (léaﬁpe glve tolsdfd r@)@e%lor (?ﬁl‘)h nmenory device

conprising: a plurality of arrays 2) rrermry ell's; ‘a first plurality
of peripheral devifiegdug 8d3) 31261’0(814160’[% SalQEPTO(‘&@SOT (11412) a8} said meporysoneoles
comand and( ress signals; and a second plurality of peripheral devices
(50, 52, 54, , 58, 60, 62) responsive to data, said second plurality of
peri pheral devi cepladitpif siengty devides (:113i611?(660)37,r18§p0>31&i1\3®' 139, ¢89";ahdv addr ess
bits for ordering bits received from sai luralit rays 9. The
system of claim scfioa bR (143) latem%@ctlﬁsa@ et‘%P%FO‘Eé%”Fbﬂ Phndgeid; ces

includes a %ﬁﬁ&lﬁ?o?h{eﬁﬁbhlde(v%% (196, 18QUIIM 3 AL 1 IgepsH 1‘39913|9'§3e°akh§ie91!3k§' cant
two bits of the ~colum "address td said ¢ircuit (6(5) during a read

operati on. tevice qhapresygt em of claim 9 wherein said second circuit (34)

ignores said certain 9 ureﬁﬁ'}zgfﬁ{jaqf 4330%{?1 ?}g%é)u@g a wite operation. 11.
re

The system of claim8 N sard crrcul Teceives a block of n bit
words from said plurahificst phirality bhysiphéid) devices(3008Y, 3deB6,38a40) 40uHut s a

particular n bit, word in reHg (gée to tlhe hdentlflcatlon of said particular
n bit word BSPERYF RepmgieRd gptipddess signals; an

a second plurality of peripheral devices (50, 52, 54, 56, 58, 60, 62)
responsive to data, said second plurality of peripheral devices comprising:
a circuit (60) responsive to certain address bits for ordering bits received

from said plurality of arrays.

9. The system of claim 8 wherein said first plurality of peripheral devices
includes a second circuit (34) for routing at least the least significant two bits of the

column address to said circuit (60) during a read operation.

- 10.. The system of claim 9 wherein said second circuit (34) ignores said certain of

said address bits during a write operation.

11. The system of claim 8§ wherein said circuit (60) receives a block of n bit
words from said plurality of arrays (42) of memory cells and outputs a particular n bit
word in response to the identification of said particular n bit word by said certain address

bits.

12. The system of claim 8 wherein said plurality of memory devices includes a

plurality of DRAMs.
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bits. 12. The systemof claim8 wherein said plurality of nenory devices
includes a plurality of DRAMs. -11 WD 03/007303 PCT/ US02/ 22458 13. A

met hod, cwopsiogi3ny: reordering a block of n-bit words out paT/dSenz488 menory
array according to information in certain address bits before outputting
at |east one n-bit word froma nenory device. 14. The nethod of claim 13
additionally conprising exam ning at |east two of the | east significant
bits of a colum address and wherein said reordering is responsive to said

exam ning. 15. The AeidRel, ebmeligagn 13 additionally conprising: outputting a
bl ock of n-bit words froma plurality of nenory arrays in response to a
row address and &erdesing ahlack ofn-bit wils pwpEdEIe 8 nemoRy At e PINgdp d

reordering . i . i t af nory
devi ce of tﬁggn- ﬁoﬁﬁv\%err%g{%‘{rﬁipésé E@%%%é% 019 i':opqg{enfg;21 g}egé{é)tﬂ Egelrbtng‘?‘%pgtﬁ%& %nﬁe col um
addr ess. l1l6mehlvey destiteod of cl aim 15 wherein said outputting additionally
conprises: using the values on the bank address inputs to select an array

bank; using the columm address provided on inputs A3 - A, where i equals a

maxi mum  col um aldTESHethb® of Slgint 13 ¥ddtichbBy boMerised saihiggat i on for one of
a read and a wite access; usi ng_tt he col um _address provided on inputs AO
¥

- A2 to i defraptiyoRtherleast geridicart bits oba adymn address end athgreinyvaist ieprgeripRIscol um
addr ess prOYé'sﬂ&%ix%’}oismlé%ﬁm%Qgt A2 during a wite access. -12

15. The method of claim 13 additionally comprising:

outputting a block of n-bit words from a plurality of memory arrays in response to
a row address and certain bits of a column address; and wherein said reordering
comprises:

controlling the order of output from the memory device of the n-bit words in

response to certain other bits of the column address.

16. The method of claim 15 wherein said outputting additionally comprises:

using the values on the bank address inputs to select an array bank;

using the column address provided on inputs A3 — Ai, where i equals a maximum
column address, to identify a starting column location for one of a read and a write
access;

using the column address provided on inputs AO — A2 to identify a burst order for
a read access; and

ignoring the column address provided on inputs A0 — A2 during a write access.
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