11 Cctober 2006/ Menory Device Having Different Burst Order Addressing For
Read and Wite Operations Background of the Invention Field of the

-l nvention 10001] The present Invention is directed to mem)ry devi ces and,
nore particularly, to methods and for reading i nfornati bnOsigbercd008nd
witing information into the nenory device. Description of de Background
100021 Conputer designers are continually searching for faster nenory
devices that wll perm't t he design of faster conputes. A significant
limtation on a conputer's operating speed is the tine required to
transfer data between a processor and a nenory circuit, such .as a read or

wite data transfer. LS Shhed 3 Bm W access menories
. '5"':']’? =XF » flash

(DRAMS), synchronous \€”L" .
memmories, etc. typically incPote®e menory cells armed in
one or nore ways, each array conprlsed of roms and colums. Each nenory

cell provides a |ocation at V\W an store and retrieve one
bit of dabs, sonetinmes referre as a nenory bit or orbit. The note.

qui ckly the processor can access the data wit in the nenory cello, the
nore qui ckl ypﬁd@lﬂmm a calculation or execute a program using the
data. 100031 thaws, in part, a typical conputer system architecture.
A central pl0908ssi @BMW&M to-memory deviess surdy mereparticslagly,nr ocessor

bus 12, whi cj, W iy R REARg imbdimiich/Gb) S et RO R/ger 14
Tbbe menory contro Fildr maybe onnected to an expansion bus 16. The

menory cont r glemery desioger ves as interface circuitry
Lrrerererrerererrerererrr 111111112111111 *167167* 11112111 1EHE VILE VI
LI 1L
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Description of the Background

[0002] Oompuﬂrdeaignmmconﬁmuﬂymnhngﬂnfaﬂummydwimtht
wmpmtﬁedugnofﬁmm.AmgnlﬁcmhmMmma.wmpm‘s
operating speed is the time required to transfer date between a processor and a memory
cirouit, such 25 & read or writo dsta transfir. Memory devices such as dynamic random
acoess memories (DRAMSs), synchronous dynamic random acoess memories (SDRAMS),
flash memories, eto. typically include & large number of memory cells armanged in ane or
more arrays, each army comprised of rows and columns. Each memory oell provides a
location at which the processor can store and retrieve one bit of data, sometimes referred
buammryhiformbdt. ‘Ihmqtﬂoﬂyﬂnpmmmmhdﬁnwiﬂﬂn
the memory calls, the more quickly it can perform & caloulation or executs & progmm
using the data. . |

[0003] . -FIG.llhowa.input.atypiodoompmmm A central
processing unit (CPU) or processor 10 is connected to a processor bus 12, which in tum |
is connected to a system or memory controller 14. The memory controller 14 may be
mnotedtomupmdqnbml&-ﬂqmmyomncumuhmﬂmm
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11 Cctober 2006 between the processor 10 and a nenory device 18. The
processor 10 issues a command and an address which are received and

" stransl ated by do nenory controllo 14. The nenory control | er 14 apglles t he'
tr-ansl ated command signals on a plurality of command | iHeQctober9§6t he
transl ated address on a plurality of address |lines 22 to t he nenory device
18. These commend signals are well known in the art and include, in the
Case O a DRAM RAS (row address strobe), CAB (columm address strobe), WE

(wite anble) W,W 10 3P4 Mbmorf dEVIRFIS. mg&wmﬁmamﬂéd an
CLK lines 24. rmto t he processor.-issued c% im%ddress
e proginet and translated by e mempary 3

data i s transf

datepath |imes Sdaitydiier 19 apptisPthy treialabed Rbriikihd/sig i B b plusality of ousandof
menory hal es 27, a " representative one of Whl?h IS @gmr t ed |nd‘§lc§3 2.
In this exanpl dine30:andihnimpsisted sddrepma plpmality 'b’d‘f Mﬁ
systenr, havi nqge Tl cimbid sighils ke well'kibsink fn titrfland Zidludd, in the eass ofsmand
signals RAS, CAB =d WE are applied to aII nerm

the rank 27 m&wmmmye %ﬁmﬁm 8 o
conrmand si gnadg okt ghabiB). X JCLE fixies 24. Cdrrespondingited
signal CSis often referredto as arank- cifi dwﬂ‘ﬁhe
address bus 22 thepreqessomiasued cpmmand H@%mm‘ﬁ’é%ﬁ I'n the
rank 27 and to 434 hedd 26.(not shown) in all other ranks

ONSr PR Batnriathdinked k
(not shown) of the nenory 18. Haman ress_bug 22 is qf referred
1 to as gl obal |[§004hnneThomemenydy WMMH?& a nen ry
devi‘ce capabl eﬁuﬁmﬁ%bﬁﬁmnwm zzimuﬁmnhpwthemhvmkﬂ&t i ons,
a curtain range of _addresses_at h,speed nat W
read/wite rat dsesnfigured faze M&‘i@mﬂ%ﬁ hi'eve such
speeds, the reqdnahd fighils FAS, TAY M tienor vitontts 28(028(Bdm st node
is a node of address access we data row_a are read
or written conthemeka]. ﬁ.ammwmﬁwﬁ% t he
access for and Would be ﬂfdﬁtﬂdmﬁawmmﬂmﬂlﬂart
address of the block. Afferward, teh rennj n| nqeg%res%grgw
antonmically i n Pefized taama mok-gpegific spmpmand signal &us panadom
sequential or M&mzﬁbpzmdemmnmwmmmm(mm)
in all other ranks (not shown) of the memory 18. Henoo, the address bus 22 is often
referred to as globally connected.
[0005] A synchronous DRAM (SDRAM) is a memary devico capable of
smmﬂmymwmofwmuﬁm&aouﬁnmdmn
high speeds. hatypicalSDRAMamd/wﬂtemeofloomymlmormis
possible. Toaohievamhlpeeds.ﬂmrudlwrihofmeAMispunmodinam
mode. Burst mode is a mode of address acoess where data having the same row
addresses are read or written continuoualy in blocks of 2, 4, or 8 bit words. In addition,
the acoess for such words in the block is made by simply providing the start address of
SDRAM in accordance with its mode of operstion: sequential or interioave. The mode
of operation is determined by an addiess sequence from the CPU. Addresses for each
mmmmmdmmmmwmwmofm
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of operation is determ ned by an address sequence fromthe cPU Addresses
for each buret address sequence ne hod are generated, in the sequenti al
-node, by addition of the 4 11 Cctober 2006 bast alert address and an
output of an internal counter. In the interleave node, theOctbed¥8es are
geeeeral ed by an exclusive OR of the burst start address and an output of m
nt emal ooem e Mason wap node is used for both read and wite opentl (Cs,
with all colum address bits used for both read and wite operations.

[0006] As cl oCkyutd gRH addreks aPe ¥ infeofhd Sbunfet. CIn tidEktdldave mode[ WA\) , t he

core op(r)don of the DRAM did _not incre t' the s ra W re, the
DRAME  conpl et cMidresgss ar generated by ap ﬁiz? &’m@’ﬁ%'@ﬁﬂ and then
out put the wor CintefflooRted. 2t barts Wnp nbés i tsed Bitothesd and'writtroperationg, witysll of
data words \Aerewmf ered, thengast sigpi ficant col umm addresses
was no |onger t solution works well for
wite date fiongogjont Aglclodk sjosts indreaseRAbéva 200MHz (ile. RORAM @SEDRAM)the ache
fill. However, cause a | o¢ck of rds ed at
the sane tine f%Mf%&‘h‘g &W'&&‘ﬂ%"ﬁom@r ecel ved

fi rs: ]Py theh Mﬁmﬂ“@nﬁi&mw mdtdiﬁgln;pattawdehe nee]g
exists for a hi 9 y suppor Q WaRkRES ©
dat a words whi |&M&IM’§° %SNB'EP‘%P %

contrO: : er. Agdhi DWWMWQWWMM thePrrermry
controll er an orj syc resent
I nventi on [0004&% &M‘VE&M hM@%hemﬂ anQ '
assgu ‘at eddhar cbu?w.n@dwdmfmr wmw;ﬁddmmibne f gr
readi ng and one fo itting f.o ta ace eV ?QWH te
according to tmgﬂ'ﬂﬁ’rf"gﬁ F‘E ‘ﬁ@ﬂy'ﬁm nory calls.
Peeral devices gy |m:utui:ts iting
info(r)ati on |nt Iurallt i nd i§QFQ|§ rd F, tit
responsive to M@ﬁw%ﬁ%ﬁﬁﬁ !“‘%‘%E@/e rom the
plurality of arwm%ﬁm%mumwmﬁngmaﬁm t he
address bits to thelEeorde&eal cerit I oller and the DRAM to m‘mm

Summary of the Present Inveation

[0008]) mmmummammwmm
allow for two different types of access, one for reading and one for writing, to take place.
A memory device constracted according to the invention comprises a plurality of amays
of memory oells. Peripheral devices are provided for reading information out of and for
writing information into the phurality of memory cells, including:

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

ma&mmhmmm&mmmwmmm
during & read operation. .
[0009] The method of the present invention comprises reordering a block of n-bit
wards output from a memary arzay according to information in certain address bits befure
outputting st least one n-bit ward from a memary device. In an exemplary embodiment,
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during a read operation. (0009) The nethod of the present invention
conprises reordering a block ofn-bit words output Ama nmenory any

raccording to rotation in curtain address bits balm CUtputbing a% | east one
n4* wad froma mammary, device. In an exenplary enbodi meht Octo8eri2008xt oper
2006 the nethod is for accessing a DRAM and is conprised of the follow ng:
using the values on the bank address inputs to select an away bank; using
t he col unmm addr ess provided on inputs A3 - Al, where i is the nost

significant colw& ESrSacoddding ¥DRAM afidis\ebiiprisdd deeMﬁ nputs A0
- A2 to identif burs&&ﬂ&ufor a ead acc > and ignoring the e¢olum
address provi de &R’i‘ﬁ'gmm access. Thus, for reads
a specific 8 bit bup ﬁ&MWWSM%ChI&MUW addr ess

bits while the t suj gni fi.oant bits CAO - CA2 Want* the nost critical
word and the reﬂﬁ‘m(fﬂ{ after the critical word. For wites, the

bur st | s identifi ed umgmbeommgﬁw imuts A0 A2 dsfidentifesbunitiobdeO - CA2
being "don't care" bits agsuned to be 000 O her inplenmentation schenes
are possible [ 'Haortant feature that results fix on having a read

access that differs jgnofifg dnSnpullA0 + A deringracwriteaccesd out in

a manner so th crjtica t o, t.h oner .
such that an in w m%*gi&ﬁﬁd%&w]%’%e Ot her
rd1and cag be srmhvhga?i . mmtcgﬁwmmmbﬂm:rdhﬂﬂnmde
ata maybe generate ro e:! cache regeﬁ ’

Suﬁfortlsl ' rrprOtv mﬂﬁ im&gs don't ymm;:thmoh

oonti +oller w i CAS & oarn ave
to reorder the ww read and wite commands. Those,
and ot her advan@ﬁﬂ' e apparent ficmthe Description
of the Pruned Hobae)i m%WMMWBNMM@f t he

Dr awi ngs [0011] For t he r |nven1|on to be eas u Vo and
readily pr actr carried cut in m ﬂ

avaﬂabhm&emmymouc.mh&nmhndmbmumdphw
Wﬁtas,mtheoﬂm-hnd,mbeshnpuﬁedbuedonammmﬁdbmuuﬂmwﬁu
data may bo 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 fhe column address bits betwoen read and write
commands. Those, and other advantages and bensfits, will be apparent from the
Description of the Preferred Embodiments appearing hareinbelow.

Brief Description of the Drawings '
[0011]  For the prescnt invention to be easily understood and resdily 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 cirouits;



present invention will now be described, for purposes of illustration and
not Um tsdan, in conjunction with the nellow ng figures, whar+ain: [0012]
:Fig. i is a functional block diagramof a oowput r systen1arch|tecture
[0013] 2 is a block diagramof a bank of maimry t huui t at! Ogtober 2806 ober
2006 [0014] Fig. 3 is sinplified block diagramof an architecture for

| pl ement.ing the bdist read ordering of the present invention; [0015]
Pigs. 4A, 4B and 4C illustrate addressing in a 512 megabit x4 part, x8

part, and x16 W WM&W ion for
the critical andﬁ&EOOI P g. IS a sinplified block diagramof a -
oougi ut er syst MMent i on may be used Description

of the Pr eferr%ﬁ]bodmw&aﬁ@@ﬂmw paited bl ock
di agram of an ancbhit ours for a DRAM capabl e of |rrpl enent | ngur st

read ordering oﬂdﬂém

conpri sed of a nd ﬂhﬁ?ﬂ@ﬂhﬂwwf&n{pﬁﬁp@w&wmm command
bas or command 1inés and an address bus or address |ines. A conmand
decoder and se bemsadeidr ess sequencer 34 are each responsive to

the comuand4ddrew i nput buffer 30. [0018] A bank address decoder 36 is
responsive to the address sequencer 34 while bank control logic 38 is
responsi ve to the bank address decoder 36. A series of row

| at ch/ decoder/drivers 40 are responsive to the bank ocadiol |ogic 38 and
t he address sequencer 34. Cne rOM/Iatab/decodeddrlver 40 is provided for

each mummy any 42. | 11 ust r afessriptiooplth ry mays | abel ed
bank 0 through r di ngl ¥ ES el row |, h/ de rivor
cltonits 40 ea spoﬁ@%&ﬁ &Wﬁ"@ﬂ?é’a W

col um | at oh/ degsii o idleinéntihg tie buisteid didériog Hﬂm 'nmmer 34.

%A(r;rvof ?ﬁt: Rg 2drowt 48 I S responS| \ée to ”Jﬁ aol :‘ b& 6%&%&‘90”” 44
comand/ addr es%omandbusoroommmdhnumdmaddrmbmmaddmshms. 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 respansive to the bank address decoder 36. A series of row
Iatch/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 sxrays labeled bank O through bank 7.
\ Aococordingly, there are eight row latch/decoder/driver cirouits 40 each responsive to one
of bank 0 through bank 7.
' [0019] A ocolumn lstch/decods circuit 44 is respansive to the address sequencer 34.
An I/O gating oircuit 46 is responsive to the ocolumn latch/decode cirouit 44 for
controlling sense amplifiers within each of the memory arrays 42. The command/address
input buffer 30, command decoder and sequencer 32, eddress soquencer 34, bank address
decoder 36, bank control logic 38, the row latch/decodar/drivers 40, column latch decode
cirouit 44 and 1/O gating circuit 46 are considered to be a first plurality of peripheral
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i nput buffer 30, conmand decoder and sequencer 32, add ese sequencer 34,
bank address decoder 36, bank control |ogic 38, the row

.l at ah/ deood~eddri ver's 40, colum |atch decode choult 44 and I/O ating
nitwit 46 are considered to be a fast plaaality of peri phlPstobari20Bet ober
2006 devices responsive to the command bus and the addréss bus. no
description of the forgoing elements as a first plurality of peripheral
devices is intended to provide a description of the ply; fr enbodinent,

and is not lntewads fo the'vOmbeaT s e thé Eidrdsiba Thedestriptiomofithe he rest ed
devi ces. Those or nar skil | |1, reco ot her

conbi nati ons of M ME&‘WBF?%#'@%HYW? MPM ity of
gfrgg{lgrg;dgezg r Ee‘f) her | t.e rati.on o mrte o po Ir:glr;ty |
wite operat|0n°ff ﬁ%@mﬂgg‘& JF‘E’G% mﬁﬁgﬂ%‘ﬂgo an

passed to mputnﬁdggizsﬂnwﬂ:&%mmﬁommmﬁhwwwmmwMata

which is then i ut. to ite latch and driver aranit 56 for input to the
menory arrays VO gating draw 46. [00211 Data which is to be

read fromthe npo20]y armammnm WM&M@f@WWt 46

to aread latch 58 Promthe r adlatc t he i.nf ut to a
mul ti pl exer/ r e VTR PPERYiqN Ar A g ‘%rﬁﬂﬁe Egt a pads
48 t hrough drumﬁgmamsemm repistets 52c Writs buffert$4 buffer e buf f

X/ otor dbr- 2.%%%@%%&” 3 %#ﬁ@%éﬁor@pﬁw vor

peri pher al devmmymmmwm bmcrl ption of the forgoing

gl egggtcfi gfi gn %g@n«%qyiglgdpgpg dev:ﬁf’hz‘nﬁg%l nt eng\éldde
to limt the smmnuammmm From i read lateh 58, dictinfidrmistion dsdgput taos e of
Ty bo. used t o TPHHIEERRontd: il o e o i s balid g0 o oS
[00221 In generm&memw 6jfistdnin 52, waite birffersG4, ﬂﬁulﬂihln_ddﬂmreorder
I ORI on i n curespfee, S@o«ﬁ’-&@%m& ”%&'?Wmﬁz‘ﬁ P 0T
wor ds avai | abl eompriserasecond plurdity of peripheral devices responsive to data. Thedasntipuon of
dmﬁnmingolmﬂaummdphmlityofpeﬂphmldwimmmdodmpmma
description of the presently prefarred embodiment, and is not intended to Limit the soope

of the invention to only the recited devices. Those of ordinary skill in the axt will

recognize that other cambinations of devices may be used to implement the second
plurality of peripheral devioes.

[0022) hgmuﬂmﬁepmpouofﬁnmmwummabm&

n-bit words output from the memory arrays 42 socording to information in oertain

address bits. As seen in FIG. 3, there are cight, 8 bit wards available at the input of
mux/reorder cirouit 60, Mux/reorder circuit 60 also receives the three least significant

bits of the column address (CA0-CA2). Those threo 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

5



mnrfreorder ciecnit 60. Mutheorder adrwit 60 al so receives the three |east
significant bits of the colum address (CAO CA2). Those three |east
.e[goiflcent bits identity *a nost critical word in the bl ock of eight, 8
bi.t words to identify the ward to be au Wfast and wherE OpEbeHZ96i s to
begin, La., the read begins with the critical word and if the -6 11 Cctober
2006 critical word is any word other than the word at position 0, the read
wraps around friom position 7 to position O to conplete the reed. 100231

Mor e partlc%arhﬁucaw Mdﬁﬁﬂﬂnﬁehbtﬁtp?]ﬁoﬂmlrﬁdm:qhhugnﬂfmd;he

i nvention en_a co i s received, the value on the bank.address

i nputs BAO andW%&%%mi&&%‘g of the memory arrays 42. Address
information is [0023) r everepatouldiyrdnd uilmﬂinoeamhapnﬁmdemmmoﬁm each

For % 16 part . Mg WHia sl ipisnd e “”%W-@é?@fﬂfmﬂ%ahﬁdgg

col umm | ocati onmmemmmw&ewhmmwmm iafm Al for

a x8 part are CA3- f ormation | e.le r]!ﬁ!:&?&mrm

(CAO-CA2) is i nﬁﬂ#%g é’Fma‘Fr “Mh%sleﬂva ues are avail able

at ijn\%_tsh A0 th:pau@lafﬁkaught quhqusmlndMQ&mxspﬁmddﬁﬁu@nﬂlcaI

wor ichis o i LS e Q&F%

and 4C il ust ra?%ﬁm%ﬁm Wﬁ%ﬁ@%ﬁ’r}f‘@ EP‘ ar alt, and

an x16 part, remMﬁynmﬂMMWhWM

dndfied in the(mgperl aéﬁfor ) Eeﬁhdwéwez%i‘ﬁg w

starting colum by nner-. weve di ni ng

a Wi tg ;)pelr)at:AOﬂnt@.‘?igMT informatinh identifies the most critice) @orDwhicleis oyt fieed an;jh t

assunmed to be € qﬂﬂﬁﬂﬁw £§9me tha

al l ows reads tog%%gwtﬁ ﬁggv %%@%o e critical

word is avai | abmegabit x4 pert,x8 part,ahd &rx16plait,respuctivelp.s are sinplified to a start

sequential burs n aQr+ef.. end enbodi feaft! VAY'S

with a burst I,em ofl@' W%ﬁdﬁgﬁe |£r'1'§'e°xe 0 startlng

| ocati ons equal wmy,mmmmmwmm and

CA2 specify th | ISt data wor d ad fra he seven

e Crilived, afidlg " it Speriiad, &.mh.v.i%ﬁhéégmmwﬂw
assumed to be low.

[0025] The present invention is an addressing schemse that allows reads to

incorporate interleaved burst mode so that the critical ward is available to the controller

while writes are simplified to a start sequential burst. In a prefirred embodiment, acoces

to the DRAM is always with a burst length of 8 bits. All write bursts are indexed to

starting locations equal to CAO =0, CAl =0 and CA2 =0. For reads, CA0, CAl and

CA2 specify the first data word read from the DRAM 29. The remsining seven data

words are read as shown in Table 1.



wards are read as shown in Table 1. -7 11 Cctober 2006 TABLE 1- WRI TE AND
READ | NTERLEAVE SEQUENCES Starting colum Data Word Data Wrd CAO CAl - CA2
. Wite SKMGM Read Segnee, 000 0-1-2-3-4-5-6.7 0-12-3-4-5-6-7 001
0-1-2-34-S-&7 1-0-3-2-5-4-7-6 010 0- 1- 2- 34-5-&7 2- 3- 0- 11l60¢tokers20081 1
0-1-2-3-4-5-6-7 3-2-1-0-7-6-5-4 100 0-12-3-4-5-6-7 4-5-0-7-0-1-2-3 101
0-1-2-34-5-&7 54-7-&1-0-3-2 110 0-1-2-34.5-6-7 6-74-5-2-3-0-1 111
0-1-2-34-5-6-7 7-&54-3-2-1-0 100'26] FIG 5 is a bloat disgramof one

exanpl e of a corrput er m-mmnmmmmmmmm may be

i mpl emented. T N temrito ¥ o OCESlta Word & |1 nory

subsystem 114, and ALl CF .i;ﬁ on ﬂus 3& 116 Thmm& subsystem
114 and the nes NN S g 75° 2 via
a |l ocal bus 118§. The expansi on bys co A 6 islalso :ou%f%g'to | east

one expansion |bus 120, 00110 whi ch |var | @12-3456her al] deVi-@32-54716123 kuch as
mass st orage ev+ees y-Hear-t—oHs -t Wedi a
adapters may be attached(}6 Procegsor q‘l?'%'ﬁ'g'&r‘% su s@’g’[ em 114 y be

i ntegrated an g singl e a1 p 100471 ' Q-142<3 -4846T Y subsyS{-m-mozllkd-SMncl ubes a
menory con.trolle-F—]rZA—:)b —S—6-qtHH-ed—t-o—a—plH-ariit |uuu es
125,126 via a gluralit OBf signall |i n@'s 21326-5-6-7”130 129 Ls'fgdgi'é 130b,
129c and 130c. [The plur@ggity of dat a goyomi-sienes 129, 152&&-,6-1-0-3% 1790 are
used by the nerpy—cot—oiler 124 aad—t-tu.legﬁmr" FodH-es—g2Ed2ebe—exthange
dat a DATA. Addresses ADR are si gnal efrl 5&%I ur gl i tf'g'?gaﬁa'p'egs s| gnal
lines 132, clodKk ~toal §1¢LZ ar€ 4ppl i e4-251436F OCK [T | ne7-8-3R-3-211eD confrands

v of ocar npod. . sidnal |l nocd.24 et

ChdD are si gndled—over—a—plurality : - g 134 S|

menory nodul es 125, 126 : .
Y e 10026]  FIG. 5 is a block diagram of ene example of a computer system 110 in which

the present invention may be implemented. The coniputer system 110 inoludes a
prooessor 112, a memory subsystem 114, and an expension bus controller 116. The’
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
devioes, keyboard, mouse, graphic adspters, and multimedia adapters may be attached.
Processor 112 and memory subsystem 114 may be integrated an a single chip. -
[0027] ©  The memory subsystem 114 includes a memory controller 124 which is
'coupled to a plurality of memory modules 125, 126 via a plurality of signal lines 129,
'130, 129a, 130a, 1295, 130b, 1290 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 an a clock line 133, and commands CMD are
signaled over a plurality of command signal lines 134. The memory modules 125, 126
inoluds a phorality of memory devices 136 — 139, 136° — 139" and a register 141, 141",

- respectively. Bach memory device 136 — 139, 136’ — 139’ may be a high speed
synchronous memary device. Although only two memory modules 125, 126 and
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include a plurality of nenory devices 136 -139, 136'- 1391 and a register
141, 141 respectively. Each menmory device 136- 139, 136'-139" maybe a high
. Speed synchronous menory devi ce. Although only two nenory nodul es 125,126
and -8 11 Cctober 2006 associated eel |ines 129 -1290, 1B00ctoBe2¥Pe shown
in FIG 5, it should be acted that any nunber of nmenory nodul es can be .
used. [0028] The plurality of signal fives 129 -1290, 130 -130c, 132,133, 134
which couple the nenory nodul es 125,126 to the nenory controller 124 are

] rown as the W%ﬂ%lﬁhqmmy iwaamz{ﬁn@%vamlwml si-gnal

lines which are_well Known in the art, exarrp e chip select |ines,
whi ch are not | thetsay pumbeg #Mm wodkach col um of menory devi ces
136 - 139, 136 - 1{6028]S PAEb Phiralityof HRARR fides 106 1 £%, 130 14080132, 153, B4t Of
nmenory. Gener al si ngl e side nmenory nodul es, such_as t e . ones
illustrated in mﬂeﬂsmmm 135.4 @WW Frodeacren 88 theo ) e
ai ded menory  nipehérg Sus Rt Thét bits 143 Ry n?"lﬁmwd

t clock,signal CLX

[ 0029] Read data is output_ serial #nchronl zed to

which is drivefRoNginteam, for exapple W@m a, 130b,
130c. Wit e datBachgolindR bf medy davise¥ 1300L3Y P35 209 Basidis O .

which is driven across the pIurallty of 5 cl ock Signal .lines
130, 130a, 130b, ht’" Rk ofmmemery. Gl Mﬂ&‘h’@ syches BRMIPL s s es
are also cl ockqnmwmnues%ﬂsﬁawmﬁmyc Holweves, douBip silled théatioryre nor y

controller 124 acyoss the registers 141, 141' of the menory nodul es
125,126, resp MM%%WM“’YI‘?@%WM addr ess, and

cl ock - 'signal |i 134%@%5@%&&%&@ mxpmb:ad’ to the
reg| sters 141, 1[2iwlof t he. menor nmodul es 125, 126, res ec%l The
egisters 141, A7 e e pioce e v g3 o 2 ﬂ%mto the
menory devices m w

respectively. VWi le the present invention has een d ScCri i n

conj unction wi t F'GF%!PF?OF”&?BE& 130 by tha maemory 124, m in the

art will recogwmwwwmmammmbl e.

Such notions and vari ati ons faII W t hi
%ﬂt 24 across regmlaﬂ l4l'ofthemanorymod1ﬂes 125, 126,

respectively, to a tenminator 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 devioes 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 soope of the present invention which is Limited only by the following claims.



t he scope of the present invention which is Ilimted only by the foll ow ng
chins. ~9 10 11 October 2006 What is clainmed is: 1. A nenory device (29)
.conprising a plurality of arrays (42) of nenory cells and rDeripheral

devi ces(30, 32, 34, 36, 38, 40, 44, 461950, 52, 54, 56, 581 @WbEH06s of
reading information out of and for witing information into said plurality
of nmenory cells, the inprovenent including a reorder circuit (60)

responsi viVhat icelaimédiisaddress bits for ordering a group of words received
from said plurality of arrays_(42) and an address seque r (34) for
routing certai b &f MeEATY (‘,ftﬁe@é)ﬁ RPrIgREHP r?@éf&i@&’é’??%& ?4(60) during a

read operation I ri.ai Sal rSs<bhd S dani i f y one word
Wi t hin sa?lgmgorrgﬁgﬁ%g H%F ﬁgh%]rgl géewg%%? %ﬁ?ﬂé I%I’ 2? ) 3i'gis’a‘}dd(;j‘?{dglri’eéél(bs’r%éggéncer

i gnoring 5&i38 &Or b2 fbrqéacﬁﬁdeﬁﬁﬂfaﬁéﬁ dat b andl 61 WeitiagWhforMadiBAliaid on. 2.
The nenory device (29) of claim 1l wherein said address sequencer (34)

rout es atsdiéghtratityeof mestorgicghs,fthe ampravemdit irsclodingreereoodermrcadd663s. 3.

The nenory device (29) of claim1l wherein said reqgrder, circguif _(60)

recei ves ESppRuiKe 87 certaindgessabits fonemlgriag groupiof yvasds seqeaved framy * of

menory cel.l,s,and ouf put s articular n bit word in response 1o the

i dent i ficSaif (B’HJrBths‘éf %"aﬁa@ﬂzﬁéﬂfﬁ 4p alqafﬁsf S%‘I‘edlcﬁf/&sdair}ar Eoé’ﬁltnz% %@prgss bits.
4. The ne i : i : r & i v i )

el udes SRR ts PR g o e L (e o M PGt g ess
sequencer of §a3d adtfess B&p ddegitif@ingansosiewdrd within said gaoaly o6 svordtesbe 6. The
menory devi ce E_29) of claim1 wherein said data pads are responsive to

sai d reor detputfirgusaid pddiess saquencerignpeng 2auicertain af s3idraddresspisi si ng: a

rocessor 12); . :
P dlSrang )a write operation.

2. The memory device (29) of claim 1 wherein said address sequencer

(34) routes at least the least significant two bits of the column address.

3. 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.

4. The memory device (29) of claim 1 wherein said memory device (29)

includes a DRAM.

5. The memory device (29) of claim 1 wherein said address sequencer

(34) is responsive to command lines and address lines.

6. The memory device (29) of claim 1 wherein said data pads are

responsive to said reorder circuit (60).



a nenory controller (124) responsive to said processor (112); a first bus
(118) interconnecting said processor (112) and said nenory controller

- (124); a plurality of nenory devices (136,136', 137,137', 138, 138' (6 139,
139'): and a second bus (143) interconhhecting said menory HoReeRsr 26 (124)
and said plurality of nenory, devices (136, 136', 137, 137', 138, 138",
139, 139'), eaéhARYFSAYCHBPISESonprising: a plurality of arrays (42) of
menory cells; a firsgvghﬁgﬁlity of peripheral devices (30, 32, 34, 36, 38,
40, 44, 46) r%?ﬂgﬁgf ’command and address signals conprising; and a

second pl ural | hoRRId AR | LSSl R0 G ptbesS (178 60, 62

responsive to data, Salid seco l'urality of petipheral devices conprising:
a circuit (60)afesisyills) inercenhcitimgadit pareksor$1 {2y amt siéd infegnérygr oup of
words received fromsaid plurality of arrays, said certain of said address
bi ts i deneortyellay (324);one word within said group of words to be output

first; and wherein said.first plurali Perd r I, C incl udes a
second Ci rcui‘[‘pt‘gﬁf‘tﬁ%f;mfgm?tr}'ﬁﬁ‘”éf’s (%ﬁ@ngﬁ’gg& Q?”gﬁl\éﬁ@?ml%% bits of
the colu address to said circuit (60) during a read operation, said
second circuit (34) ignores said certain of said address bits during a

write operatiofsedondis (I%S) RiterRbnA¢Aing shidhRnedry coatdllet [ £4)tand60)
receives a block of n bit words fromsaid plurality of arrays (42) of
menory ce$did phrdlityuoHoremaay desices CL3Grl 30", 037, WBTF'd138 13&5039sEBX) t he
identification of sagid particular n bit word by said certain address bits.
9. The sy%%"é‘rmﬁmoéy FYACY CRRET IR -sai d plurality of nmenory devices includes

Bl LY oL DR AR R e B0 o St

a first plurality of peripheral devices (30, 32, 34, 36, 38, 40, 44,
46) responsive to command and address signals comprising; and

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 a
group of words received from said plurality of arrays, said certain of said
address bits identifying any one word within said group of words to be output
first; and 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, said second circuit (34)

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

8. The system of claim 7 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.

9. The system of claim 7 wherein said plurality of memory devices

includes a plurality of DRAMs.



information in certain address bits wherein any one of said n-bit words may
be output first, before outputtng said block of n-bit words; and ignoring
~said certain address bits before inputf{ing at |east one n-hit r into
said nenory array. 11. The met hod of cf%i m 10 additionally &&%F%O%
examning at |east two of the | east significant bits of a colum address
and wherein said rAsnefbed PMRIFBEpoNsi ve to said exam ning. 12. The

met hod of_ cl ai.m 10 addi tional |y .conprising; outputti of n-bit
wor ds frgﬁpgﬁ&ngraglpl]ogg 039%&#95 8{{1&’3)&/?0 4 TYARp n%yf%&g%%'%hgddr ess and
certain rﬁ—nﬁ] : " t hid -BRWASL ri ses:
controll Fir%g t fgogrlgglreﬂggl %#Eﬁstsﬁ%srvgﬁﬁem%rg%?3?3%1%1{3??01: t%g%ny-:%ﬂ) wor ds
i n resporsgpitcfiseHedbie cutpettmiisai] block lo€ neloit wordgdadess. 13. The net hod of
claim12 wherein said outputting additionally conprises: using the val ues
on the bank adgnedsg Bwﬁmestatma@gt&%blt%bﬁfam mpufingat leagiong n-he wardum
address provided on inputs A3 - Al, where i equals a nmaxi num colum

addr ess, T FHEMIMYPYAERAr ti ng col unm | ocation for one of a read and a
wite access; using the colum address provided on inputs AO- A2 to
identify a burst order for a read access; and ignoring the colum address

provided on inputs 7 mefiodof ¢188n 3 0Wdditeonall§CR%eprising examining at
least two of the least significant bits of a column address and wherein said

reordering is responsive to said examining.

12.  The method of claim 10 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.

13. The method of claim 12 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 A0 - A2 to identify a burst
order for a read access; and

ignoring the column address provided on inputs A0 - A2 during a write

access.



