5 January 2006 Menory Device Having Different Burst Order Addressing For
Read and Wite Oreratious Background of the Invention Field of the

I nvention [0001] The present invention is directed to nenpry devices and,
nmore particularly, to nmethods and circuits for readlngsJﬁFé@Néppﬁn out of
and witing information into the nenory device. Description of the
Background [ 0002] Conputer designers are continually searching for faster
menory devices that wll permt the design of faster conputers. A
significant limtation on a conputer's operating speed is the tine
required to transfer data between a processor and a nmenory circuit, such
as a read or wite data transfer. Menory devices such as dynam c random

access nenories ( chro dynamj c r S nenories
(SDRAMs), flash Ee%ﬂ“é’%f’y"a ﬁ"lq%i’ '.“ il %’ghﬁfﬁgﬁg nunber of menory
cells arranged in one or DR 138 {‘J”"”'Jf conpri sed of rows and
colums. Each nenory cell prOV|des a Iocatlon at which the processor can
store and retrieve one bit of o times referred to as a nenory bit
or orbit. The nore quickly th@“@gﬂwéa edoyeioRess the data within the
menory cells, the nore quickly it can performa calculation or execute a
program u qg {%g data. [0003] - FIG 1 shows, in part, a typical conputer
syst em ar cHi¢'ge vegloBeantral  processing unit (CPU) or processor 10 is

connect ed t[gog) pr owmhumﬁanismtbmemmeﬁmmmcﬂnm syst em or

menory control | e The .ne ntroller .14 maybe .co necte to an
expansi on @8‘5"#’&& W%B%H@Wﬂé‘? D gV of and,w ircuitry 1

5 January Zﬂﬁﬁnpeamﬁen t he processor 10 and a nenory deV|ce 18. The
processor 10 issues a command and an address which are received and
transl ated by the nmenory controller 14. The nenory controller 14 applies

the transl PegétptionoihéBadkgidahd on a plurality of comand
[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 memoties (DRAMS), synchronous dynamic random access memories (SDRAMS),
flash memories, efc. 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 ceniral
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 controlier 14 may be

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



lines 20 and the transl ated address on a plurality of address lines 22 to
the menory device 18. These command signals are well known in the art and
include, in the case of a DRAM RAS (row address strobe), & | umm
address strobe), WE (wite enable) and OCE (output enabpewnuﬁy@ ﬁgk si gna
I's al so provided on CLK |ines 24. Corresponding to the processor-issued
command and address, data is transferred between the controller 14 and the
menory 18 via datepath lines 26. [0004] The nenory 18 typically conprises a
nunber of nenDry ranks 27, a representative one of which is illustrated in

FIG 2. S HEEREJ\&Q{&% -g%%ﬁtg&ggd. ESEs £ SmmAar@d- bi t
system haV| ng el g%%&go{ﬁnemry ciIrcurts 2 -28(7). The command
signal s RASmM&@MsW@chmwwmmlm yriememony qoatplies 148tk - 28(7) in

the rank 27. odHRE! ugﬂ%ax%hﬂ%nﬁ%ﬁ#%mﬁﬁ fle? corm@RAr ate CS
command  si na S” wou JEE? Fh% or- each ra Hence, the command signal

CS is often mﬂmwmmmmammqf@d@mm gememorh@evildr ess
bus 22 15 COBNELEBud il ARG b GH A BBAOLs BBl ot D rank 27

and to all her menory ci hown ot her ranks (not
shown) of tW(@MbﬂMG@WM@EME@KW@Fﬁm@? @ded to as

gaggg: leyo?m@%@t}@m?‘%%g%tﬁe‘és@%%% virtue g?ﬁ:ﬂrﬁ%@ér naI o erat | tgﬁgV' o

certain ranghe pbcessithissssicomatand widpddsgredats is tiapsferred\beiwesn
read/ wite raégﬁof 1001[5\/?% be. greater IS possi bI e To achr eve such
speeds, t he 3 an I'S perfornmed in a burst node. Burst

mode is a njoedpf awemomcmmmmmymmm%w addresses

are read or witten cont \Ht? I n
addition, t mg%t@ 0 o?wgﬁiél lﬂ r inofﬁI\It hzeo%t ock 1 made b

Si rrpl y
provi di ng t Hecaifigured ﬁn‘drtiéémt wmtmwbbw&blmmmmmtzﬁ@}?gﬂ%l'Fheng

mode of - oper ABRAE SERAST IS fi 1 e RG5O iBuBR Q‘B‘éﬁ(’??‘ovn“.t? e

det er m ned uyemanmnmmtemnmanmwmhamwr h burst
addr ess sequ ;}fd%d Ak 84 36808 rdnle, W oRHIHE Rlhd CSGten PY addition

of the referredtoasarankspeclﬁccommands]gna] 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.
o005} 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 Mbytea/sec or greater is
possible. To achieve such speeds, the read/write of an SDRAM is performed in a burst
mode. Burst mode is 8 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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burst start address and an output of an internal counter. In the interleave
node, the addresses are generated by an exclusive OR of the burst start
address and an output of an internal counter. The same _wap node i s used
for both read and wite operations, with all col um ad@ra84anyi2P86ysed for
both read and wite operations. [0006] As clock speeds increased above
200MHz (i.e. RDRAM or SLDRAM), the core operation of the DRAM did not

i ncrease at the sane rate. Therefore, the DRAMs conpleted the reads and
wites on 4 or 8 words internally and then output the word sequentially

onto the extg %Bﬁ’l d&he g
transferred, %IB?%L“P%%?F Si gni ﬁé co u%&mﬂﬁdﬁ%ﬁgﬁ&%ﬁﬁ%o | onger
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controller, qﬁﬁ*‘hﬁﬂ,ﬁ Xﬁizet RB?GAI& JLBKASM)SthéOr a high
cl ock rate %ry f}lpor I ng h%oc transfers of data words while
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exists for a _co W m@ Wl er and the
DRAM t o supp%w[%% ‘3&‘# ure ummary o %ﬁ esent_ | nvention [ 0008]
The present mmnﬂlymnw&cmawbuasglmgremwefmﬁw Beingjtrangfersithr e t o

al low for t BA n RER ol ag Leadl e praggone for
writing, V*ﬁﬁ i%é@gm% nmenory eV|cec struct %accordl gtothe
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devi ce. | n grotexd bptwaerny the ndemdrymentrgller and the DRAM to supportsuchanewfeatme

F'

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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-3 5 January 2006 the method is for accessing a DRAM and is conprised of
the followi ng: using the values on the bank address inputs to sel ect an
array bank; using the colum address provided on inputs 9 ﬁgere

the nost significant col um address: using the col um & 8P@¥¥28 vi ded on
inputs AO - A2 to identify a burst order for a read access; and ignoring
the col umm address provided on inputs AO - A2 during a wite access. Thus,
for reads a specific 8 bit burst is identified by the nost significant
columm address bits while the least significant bits CAO - CA2 identify

t he nost cri Jred apd ?ggp fdwifig: (dMhgthd t1cal word.
For wites, t%"ll’]&g%ursfgﬁ S |d%£1€n I ed mg% Eg nost %??gnlflcant col um
addr esses wmmmebmdbwn@dmﬁﬂmwmbmk;s assuned to be 000. O her
i mpl enentation sk ggﬁ ?'ﬁ it fiRahist € t hat

acces at 9%9%)}1@5&3 P Rhalgt is

results from having~a ers from the wite access is
t hat reads amguﬁmntrqohuhmdﬂxess;l a nanner so that the critical word is

Cuppor ted. w288 o8 Brorki bn it 407, AT B PnRHiE wfDCE 2

sequenti al tnmemiamsndmd wite data may be generated fromdata held in

cache. The present vent 11! BL |_at £, fa%tggg sgystem by
provi di ng the mar‘i%‘r %gt‘:}r’l%er W H?%} c '?ng | rst. ?AI so, the
syst em does Tims, fbmmdstacspmﬁtr&i\mblt#t@ ldmtlﬁnthbaaﬂtdms@ lﬁe]ﬂlméﬁdméad and

write commage 1003, ARt Qh/ifh cASYRNABGES SARUmBR UKL Sordllindiadappar ent

fromthe Descri p erre ment s appearl ng herei nbel ow.
Bri ef Descr|mpemuedcemﬁatﬁcmmdg@r1®1wtﬁdhebw1§ﬁd@§kﬁ# by theanost on to be

easi |y under é:t ogcm@co "%ﬁ“’s%f “dQﬁ’Féaﬁ-‘é“tblﬁgééﬁlﬂBdﬁ'%eW | now be

descri bed, purpos a | on an‘%l not rmtation, 1n conjunction
with the folﬂ)ﬂxwutxpletnegtatlexsschMmmmssx'l[l@OlZ] Fig. 1 is a functional block

G 297 of - ST Sy ST o S s e i
the write 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 hersinbelow.

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;



-4 5 January 2006 10014] Fig. 3 is sinplified block diagram of an
architecture for inplenenting the burst read ordering of the present

i nvention; [0015] Figs. 4A, 4B and 4C illustrate addressing in _a 512
megabit x4 part, x8 part, and x16 part, respectively, Pdagﬁ%rﬁtzi[)% the wap
start location for the critical word, and [0016] Fig. 5is a sinplified

bl ock di agram of a conputer systemin which the present invention nay be
used. Description of the Preferred Enbodi nents [0017] FIG 3 illustrates a
sinplified block diagramof an architecture for a DRAM capabl e of

I npl ementin bugst M'egﬁhg e DRAM
menory devi gleb% 3 o?r%sfs%@egﬁf&g a#%'r%‘tog?na%gc}ﬁess I npu buffertﬁgo

responsi ve thurareadomnmusiofbhn;pmentammmm | i nes and an address bus or address
lines. A co d LddRee i‘ﬂeﬂé QiesRRer 34 are
each responsiVvé'to F%gdﬂéomran F‘gﬂégs m%% buf? [%%18] A bank

addr ess deccmiéml@ﬁaﬂ,mp@ﬂpﬂnmﬂ@ﬁfpmem&m&mmosﬁqmmmfwe bank
control | ogi | Sple o 9@&9 APhe A series of
row | atch/ c}g%&ier/g{ \?;gsrs fﬁef?glo%gg% nsr%\ggg‘?&&ﬁﬁe E‘e*control | ogic 38
and t he addrpressnt isvegtimnoey bedwed. One mw | at ch/ decoder/driver 40 is provided
for each nenory array 42. Illustrated in FIG 3 are eight nenory arrays

| abel ed bank O through bank 7. Accordingly, there are eight row

| at ch/ decoder/driver circuits 40 each responsive to one of bank O through
bank 7. [0019] A columm | atch/decode circuit 44 is responsive to the
address sequencer 34. An I/Ogating circuit 46 is responsive to the colum
| at ch/ decode circuit 44 f descripgivnrofiteiRrgfesred Eankodirhénts ers wi t hi n each of

the nenory arrays 42. The conmmand/ address input buffer 30, command decoder
and sequencelPoB?, aﬂfﬂésﬂummemhﬁwlomeﬁ%@mm%PWbank

g?PE:L?!t ng;nhﬁ?/%gagltel %XH& rcurt f]“%ggar e conmpggélg ﬁhmkﬁ%dgfﬁfz ity

of peri pher ahem@&y devxce 29is compnsed 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.
Dlustrated in FIG. 3 are eight memory arrays labeled bank O through bank 7.
Accordingly, there are eight row latch/decoder/driver circuits 40 each responsive to one
of bank O 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 1/Q gating circuit 46 are considered to be a first plurality of peripheral
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5 January 2006 devi ces responsive to the command bus and the address bus.
The description of the forgoing elenents as a first plurality of

peri pheral devices is intended to provide a descriptiog f thg% resently
preferred enbodi nent, and is not intended to limt the Cgﬁ

invention to only the recited devices. Those of ordinary skill in the art
w Il recognize that other conbinations of devices nay be used to inpl enent
the first plurality of peripheral devices. [0020] The DRAM 29 nay be
accessed through a plurality of data pads 48 for either a wite operation

or a read opgfaLd r%gmfg%mghewwﬁam%ﬁ% OfheiRbcR 8 i s

recei ved by recelv passed to |nput registers. 5 Wite buffers 54
buf fer the formoigelethedtsana fitst plarality of nerw m%mc%wwtwﬂﬁ@m@f and driver

circuit 56 f pﬁ;&g hioPiEAadd8 libiteheRbpend
circuit 46. %@Q?yg ﬂ¥t 'S to read ZL%’.)“E;cs)‘mthe Menor y array}ss 42 is
out put throﬁhhqmwmoghtthmwmm zboqe@fgpdm(flql kipde Wil om the read

llatch 58, thg.j HPH?G fnggtg $5plemBR Rt firatGl t 60
whi ch out put's tgﬁifz ath%%t’%lﬁ gt%"g‘ﬁa S 48 rougﬁ drivers '62. The
recei vers 50of pexighgtal devigest er s 52 wite buffers 54, write | atch and dri ver

circuit 56, gat i | AR Y Sricithadl t 60

and drivers @gﬁ]com&??wg%%oﬁge%% | tyaﬂtaperl phera 5'(ggfglfces

rlespo|r13|tve ]tmdumemﬂmrde@dmpmm@nmtammiﬂ% orpflatppads 48 ips ? seco][td
urali 0 ion o

P Y O Ryt BY Sty S nfiihekef 1d BhAISHert 52 RO AR 34URRGth?

the presently pre intended to limt the scope

of the i nvenﬂmﬁﬂmmghmﬁenm@tlt@embwmm%ﬁ B apHbleheski 1| in
the art willg 'Zéhtﬁé% &gmﬂ@m ons of devices may be used to
pI urari

I mpl ement the s ty o ri pheral devices. [0022] In eneral

terns, the dﬂﬂ%ﬂse &‘atﬂtmchumlwe' thie megwry arays43 s gpiput thpugh the KO

n-bit words N y ion in

Cortai " o bRl 48,4 R 38 R B ad e 8000 i °ﬂ‘““*.“?@ttmds

avai | abl e atmﬂhelmmd@tmmﬁﬂlwle@rmtsdhﬂrw Qnt@bcd%l‘m@&ﬁéﬁ?“@l rcuit 60

T, oot v Skl FhERLEAT S0, SrVobbEABh, wite binal 54,050 ploH ah ekt o5
east Si

(CAC CA2) . ose hree cant ’bltSl enti'fy the nost critical

word in the difcoit k6,30 gitinh rircut 46; readdotchl §8,many/rderdericirpuit iyers 62 be out put
first

comprise a second plurality of peripheral devices responsive to data. The des‘cziption of
the forgoing elements as a second plurality of peripheral devices is intended to 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 (CA0-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.c., the read begins with the critical word and if the




and where the wap is to begin, i.e., the read begins with the critical
word and if the -6 5 January 2006 critical word is any word other than the
word at position O, the read waps around from position 7 to pasition O to
conpl ete the read. 100231 More particul arly, and in accord@ayR¥ 4kfh a
preferred enbodi nent of the invention, when a read command is received,
the value on the bank address inputs BAO and BAl1 (not shown) selects one
of the menory arrays 42. Address information is then received which
identifies a rowor rows within each array 42. The address provi ded on

| PUS A3 il 1o R o G R0, 08 fend WrspizoRid g par ¢ and

10 for an x4 p: _écts the starting colum location. Referring to FIG
3, the val uepesttion7ppesition® tocomplefgkheapadi or a x8 part are CA3-CA9. The

| nfor mat i 0N yppie | g8 e HARAY, Al holdative i infbodihit ofte t he
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first by th&d@é&@?&h‘}@é& §elebi0h ofifle mEh (7Y amébaz Raa@idntfmiloh wshéodlt © the

addressing for a abit x4 part, x8 part, and an x16 part

respect i vel yrecip@buliclrigentifieqs roveorapres within pach eray 4a e pddresi pRAVIdel @y i n t he
same nmanner I : c At 1 AR o S Nlel 3% | o/for 4R 4 1O £br GPk4IM
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SR USSP SRR, podissbod i, R 1
| ocati ons eqbpthemyx@p@der cigouilG FIGS) 44, 4B.@nd 4€ i@mgfhepgmg@{@zﬂ. and
o2 SPech ) gl i A8, 20, T e 1 1 sever

[0024] For a write operation, the bank is identified in the same manner as for a read

operation. Similarly, the starting column address is identified in the same manner.

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

assumed fo 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, CAl and

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

words are read as shown in Table 1.



TABLE 1- WRI TE AND READ | NTERLEAVE SEQUENCES Starting Colum Data Wrd Data
Wrd CAO CAlI - CA2Wite SequenceRead Sequence

0000- 1- 2- 3-4-5-6-70-1-2-

0100- 1- 2- 34-
1000- 1- 2- 34-

5-6-72-3-0-

1-6-
5-6-74-5-6-7-0-

3-4-5-6-7 0010-1-2-34-5-6-71-0-
7-4-5 0110-1- 2- 34-5-6-73- 2-
1-2-3 1010-1-2-3-4-5-6-75-4-7-6-1-0-3-2

1 Bgandagy 50

1100-1- 2-34-5-6-76-7-4-5-2-3-0-1 1110-1-2-3-4-5-6-77-6-54-3-2-1-0 10026]
FIG 5 is a block diagram of one exanple of a conputer system 110 in which
invention may be inplenented. The conputer system 110 includes
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the present invention may be implemented. The coniputer system 110 includes a
processor 112, a memory subsystem 114, and an expansion bus controller 116. The’
memory subsystem 114 and the expansion bus controller 116 ere 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] -

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, 1292, 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, 147°,
respectively. Rach memory device 136 — 139, 136’ — 139" may be a high speed
synchronous memory device. Although only two memory modules 125, 126 and

8-

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



respectively. Each nmenory device 136 -139, 136'- 139" nmaybe a hi gh speed
synchronous nenory device. Although only two nenory nodul es 125, 126 and -8
5 January 2006 associated signal lines 129 - 129c, 130- 130c are ghomn in
FIG 5, it should be noted that any number of memory nBd@nd@YZ8R%pe used.
[0028] The plurality of signal lines 129 - 129c, 130 -130c, 132, 133, 134
whi ch couple the nenory nodul es 125, 126 to the menory controller 124 are
known as the nenory bus 143. The nenory bus 143 may have additional signal
lines which are well known in the art, for exanple chip select |ines,

whi ch are not illustrated r Si A Clek V. devi ces
136 - 139, 13"6“‘”‘-‘*1%@‘3“@‘?%%{%%@' @h@ih@aﬁé% s R 5 A ST BlowtBERONKS o1 O
menory. Genethﬂlahynumﬁengfmemétﬂmodnlm bepskdl es, such as the ones
illustrated ai.n doubl e
: fﬁ%“i ch

si ded nennrﬂh&ﬁﬁdulggbgﬁﬁ€ ‘ﬁ&ﬁﬂﬂtmo anggﬂﬁggﬁ gﬁ(l'g'ljbll e used.
[ 0029] Read aﬁaplathmmﬂ-pnﬁ:dﬂsrllza,l 126 te tha edemoryi omulolleo 124”30 hllomi@sﬂlﬂg nal CLK,
which is drlven lLurality,of clock,si L |4 Oa, 130b
130c. Wite 133{’?9 ﬁ?f Jﬁ PRy D ¥433 2‘?%%‘?@%@ im lg]%é ﬁgrselv%eﬁal
whi ch i s driketmactheas, fbflemﬂbldlbhiblsﬂyctdlﬁes, whnbhreabgﬂad&atedﬁusmtﬁwa 130b,
130c by the troII d o cl ocked
usi ng the cf%%gngﬁﬂﬂ EPR ﬂ3?C?%¥q3€ I%Fﬂwﬁmg§%§§%§ﬁn€%§t?% | er 124
across the rl&igw a4 fank 6l merhdcy. Geieﬁuyem@mdqmmdulmdumwchﬁ @he ones
respectively nator 148. The onnan r si gha
| i nes 134, t@%ﬁ%‘s contap 4 piele m%’ dli{yvg%g{iﬁeée% tﬁ Hégl sters
141, 141 ohm&hﬁwmﬁﬂanghmmdﬂbmfmﬁﬁhyﬂﬁ&hmdmﬁpett|ver The reglsters 141,
141" buffer es before t re. t
devi ces 136 @5@39 Tg%‘%‘&l 13 gutgt sfrﬁ@ éﬁ?&"?“zﬁ%ﬁ "f’e (g&i‘%% i@g res pect i vely.
[ 0030] VhiIehhhmmﬁmﬁa@mkﬂhﬁuﬁmkk@nmﬂmaabeﬂhlmhsﬁumbﬁmmlHhmvhwum@umbn with
preferred enhqdi ments.ther 0S S I gt wil
recogni ze - t h“&f‘alﬁgﬁﬁ%@?% @59"%%%%‘%1% icma"!r&te0 pOS EL“%HJI?@ Such
modi ficati ort;lodtrstgnmambﬁls'ootm}a,f 130b, 130¢ by the meiveryzonipaieni24; Gempmaademnd
' nvention Wna{ hssles? m'leI cl%cdkeg sxXg R:X cfwhfﬁ]égah EEW wrigchclls %%'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

axe 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.



-9 10 5 January 2006 What is clainmed is: 1. A nenory device (29) conprising
a plurality of arrays (42) of nenory cells and peripheral devices(30, 32,
34, 36, 38, 40, 44, 46, 50, 52, 54, 56,,58, 60, 62) for rea

information out of and for witing infop%ation into said pl r%ﬁ#?§2%¥
menory cells, the inprovenent including a reorder circuit (60) responsive
to certain address bits for ordering a group of words received from said
pl ural ity Vhatascdaimedais) and an address sequencer (34) for routing certain

of aid addre its to said reorder ci.rcuit rin read operation,

sai dsclertai n 31? ‘glé?%"ﬁ%a@égeg scqwélflgfﬁ%‘(ﬂiﬁi OEﬁﬁab(gﬁ@WaRam npsai dI "
roup of i : i { J id

SEoem o oty GinbRlerbifslstd 484! seg aayeacs, dgnersag o

devi ce (29p, o8, 6,820 fdr vhligd thsahstigdonesBarkkbfptemigng infddhationtia® at | east
the least significant two bits of the columm address. 3. The_rrermré devi ce
(29) of clsaidpliraitigodimemnaiyicellso teimpriovewient {mdyding @epidss carchitdél) of n

bit words fromsaid plurality of. arrays (42) of nepor cells d outputs a
parti cul afefPOBStVeigr@riam ?‘é‘i‘ﬁ%@és g qra%mi‘%iérﬁr?‘ll? eg?i%ﬂs cheé‘éﬁdgt%‘ﬁ‘arti cul ar

n bit word sai,d. certain dre htS..4 i f claim
1 wherein sg%y%luﬁ@ﬁ%rq? aHey? égﬁ( ﬁgﬂ Fﬂ(irl ﬁsd%esqugﬂﬁﬁg@lq?@r %\éﬁ%&ﬁo@@ (c)igvi ce
(29) of Clagidadi-daiRl b Sd feode GhouiPRRY MR a fedllopeatlcis RO i ©
command | i nes and ac} ress Iirnes. 6. The menory devicé (29) of claiml

wher ei n saifdaideddilrpadsiteidentifigsgangione waerdswithinr sid gesupcof words toa®) . 11 5
January 2006 7. A system conprising: a_processor (112); a nenory

cont r ol | erougmatrst, saisoadsiress sequengel ignerdee sajd cemain of said address bits

during 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 first bus (118) interconnecting said processor (112) and said nmenory
controller (124); a plurality of nenory devices (136,136', 137,137, 138,
138", 139, 139); and a second bus (143)_jnterconnecting said no&y
controller (124) and said plurality of henory devices (136, “P38%rY %9
137', 138, 138'_, 139,139'), .each nenory device conprising: a plurality of
arrays (42) ofﬂﬂﬁﬁﬁﬁm@&qmﬁn%ngﬁrst plurality of peripheral devices (30
32, 34, 36, 38, 40, 44 ) responsive to command and address signals
conpri si ng; an&lgngg¥8%élp urality of peripheral devices (50, 52, 54, 56,

58, 60, 62) resReRRIYBohRola! @,243@&%@@1%@@6 sPidusrakédsir pf1per i pher al
devices conprising: @a circuit (60) responsive to certain address bits for

ordering a groupfist buo(bi8)iseecamdcfing saidgirdcdsor l 12)yandfsaat mepsorysai d
certain of said address bits identifying any one word within said group of
words to lsentallpu€l24pi rst: and wherein said first plurality of peripheral

devices includes ,a second circuyit. (3 f.ar., r.outj l.east, ,tih east

si gni fi cant tm&lﬂf‘failtlﬁp?f’ﬁ%nem ‘E‘??ﬂc‘gsaééﬁe@’é ’tlgﬁsia{];g’ @itgr’clglgt’ 1(7’%0?3%) ring a
read opergtjion, said second circuit (34) ignores said certain of said
address bits during a wite operation. 8 The systemof claim?7 wherein

said circuit (6XRechbREBuYEpP iAteRcdnilctifg sBid mépiods cbhadllen({i@4plandal i ty of
arrays (42) of nmenory cells and outputs a particular n bit word in
response taidplardldgmfici¢roaty devios @éiédlﬁé‘;ﬂg%,ulﬁ, PB&%ilB8,udPd IR, sai d
certain address bits, 9. The systemof claim7 wherein said plurality of
menory deFRelk &1emery dRyase eOmPUFME ty of DRAMs. 12 5 January 2006 10. A

array aceording to. 4mABHRkcRaR BEFetinshiohkbetE’ b7 S"Wher ei n any one of
said n-bit words may f&¢ 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 DRAMSs.



output first, before outputtng said block of n-bit words; and ignoring said
certain address bits before inputting at | east one n-bit ward into said
menory array. 11. The nethod of claim 10 additionally conpri nglng exi&iﬁni ng
at least two of the | east significant ts of a columm addres$ erein
said reordering is responsive to said examning. 12. The nethod of claim
10 addi ti onal | YU onpk msthed, OmMPtIEENg a bl ock of n-bit words from a

plurality of .menory .arfays .. response.to a_row addres .certain bits
bt 5" col unerddtpeediBgh Bt Rl whdS BARRE pth s HpALENE AR ol Phg
t he order ; R cH§ ' |_ty1 ' esponse
o cer t ol T Tag O e b b O b Ay B 2
wher ei n - saiughadiey befdrg cugslittrgrald block offprbis e&rdsisindg t he val ues on the
bank address inputs to select an array bank; using the colum_ address
provi ded on i npgneringsaidertaishaddsess bitubeforainputtimgantces anern-bidveask, to
identify a staH}i n%bc;:ol um | ocation for one of a read and a wite access;
usi ng t he 18815 ¥ M43 ovi ded on inputs AO - A2 to identify a burst

order for a read access; and ignoring the colum address provided on inputs
AO - A2 during a wite access.

11.  The method of claim 10 additionally comprising 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 1 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.



