8 May 2006 1 SEQUENTI AL NI BBLE BURST ORDERI NG FOR DATA BACKGROUND OF THE
| NVENTI ON Field of the Invention [0001] The present invention is directed
to menory devices and, nore particularly, to nethods and circuits for
reading information into and out of a nenory device. Descri ptdMa &%t he
Background [ 0002] Conputer designers arge continually searching for faster

menory devices that wll permt the de15ign of faster conputers. A

significant limtation on a %ﬁlﬂ NPﬁf;Ekiﬁ'@%s?peed is the tine

required to transfer data be a menory circuit, such
as a read or wite data transf @Bﬁ@?ﬁﬁ‘?@\%@@ such as dynam c random

access nenories (DRAMs), synchronous dynam ¢ random access nmenories
(SDRAMs), flash nermriesBAéI%GWPéﬁ‘(gH%WUwgqlgrge nunber of nenory
cells arranged in one or nore arrays, each array conprised of rows and
col ums. Esbhofitberbrvgnéei | provides a location at which the processor can

store and i.eve one bit of dat.a onetines ref.err t S..&: ry bit
or mbit. [dPﬁy :l;ﬁ? é’r%fﬁf’tcWfintf%elsp‘ﬁlﬁé(%e?s{é‘ramg%ryaggvelgess ?Iﬁié n%g? a a\?\nu(iulrllimr?’)tt%e
Menory Cemkthods Al SRS uSs ot reddidg inforéifion &ith ahdb@t oTal ifethettyl deicer execute a
programusing the data. [0003] FIG 1 shows, in part, a typical conputer
system architecture. A central processing unit (CPU or processor 10 is
connect ed . r 2, which in turn is connected to a systemor
menory co]r?%ér%o Pglﬁgg%.%ﬁﬁlég%eﬁnn%ry controller 14 nmay be connected to an
expansi on[(903] Compiiee doFpity areWohtiohdlBrscidhBgr foe fastes merh@yfdreres thac wiill r y
between the  processor 10 and a nenory. deyice 18. The processor 10 i.ssues a
command aP@miinthg dlesigns ©f fagiergompuiers. ot SigpEranh, Hnitplion Pr ARSI § OPREHBR y
control I eg,ol4is fB% i RR! Jr6&sddiGnki a3AGh GRgRAd
signal s o#e%élbsi%;rga Ity 01¥e§c%%g%§¥?§tﬁé§%e% grﬂﬁ tﬁe tnr gnsl at éd gdd’r ess on a
pl uralityaoh mddressrite nlaga 22nsfer. t Memoenuleyicde side ag lyniimes eandoonraeerss
signals are well ]lé inthe art and i nclclilde, in the casesg hIR’AS
(row addrezeriet (SBAMS cRmepEBYs Y arTaie SRl 1agtss magoTssy SLRAMSbI 51 and
ﬂzn(egugguﬁlgfgllg?g% ‘S%oh t ng&?{}gn?lﬁg@ b SargfnfinBEMoShealy defls AlraRgddr id\ond@f nfte CLK
' 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 m-bit. 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 between the
processor 10 and a memory device 18. The processor 10 issues a command and an address
which are received and translated by the memory controller 14. The memory controller 14
applies the translated command signals on a plurality of command lines 20 and the
translated address on a plurality of address lines 22 to the memory device 18. These
commgnd signals are well known in the art and include, in the case of a DRAM, RAS (row
address strobe), CAS (column address strobe), WE (write enable) and OE (output enable),
among others. A clock signal is also provided on CLK lines 24. Corresponding to the
processor-issued command and address, data is transferred between the controller 14 and

the memory 18 via datapath lines 26.



processor-issued command and address, data is transferred between the
controller 14 and the nenory 18 via datapath lines 26. 8 May 2006 2

[ 0004] Met hods exist to enable nenory devices, such as DRAM nenory 18, to
appear to external devices to be operating faster than the tQM@¥¥¥mtakes
for the nenory device to retrieve datq%fron1the array. These net hods

i ncl ude pipeline and prefetch nmethods o operation. The pipeline nethod
di vides i r j ' S t

or ocesses OB EPetBE RS0 abE ey dehEks, Shor® s ORAM RSl 34 R plirto
Pr ocessi nextemakadolicesttage: operating fagdr than the mimhd &nakessfoy the npadoal ldelice soich
that the rate :‘i ich data can be output fromthe device can b 8re ter
than t he FeHieyeagatqubionn thespray. sThesemsthagds gineludenpinsding rangprefefrhy wste&@ 2kt ch
met hod, -2 | ' i i i1 - par, r.akl el
o ser al amon dRe piRIAERTRAR oA Tplont piterifl sR8 o A RBSEM pot
t he pi pel saqecrndyppetetseh imbtrhatobs eelatinge tasomd it sfpgeada tthrdugh eachngihge, a
burst node of. operat The burst nopde of operatio

i on. i s node. of
oper at i onTORSHIRECH TGk Stigeqs Ao Wau anspusly qaparalieh ugh (1t ShEvatac 1 o

the menoryhReViatLean BE odpud fdH tHeUdvte@n Beegdatet thaff tht Rete RRRivh QhtaVEi LT eN
into the menory is then synchronously output or input, respectively, with

a cl ock stetpeyed ffono@s] arkiys tho thecpiefepch mgthods alh anterBRAMVScdsngais sapEdrauédn bot h

an interl eay, and a uenti al bur st de of eratj on. . Advance DRAM
Fochnor gy A balne? BB ot edioh T at T an SR TR B SRR o e ot o and
capabi | i t jo00S] BotRREY pipalirft RidtpréfetcB niithodsths b abed tBsBHRIrE Hor SMatrpled abuldt t

internal prefetch, the sequential read or wite crosses a boundary and is
t her ef or emgfl¢ of Oprration Thep bersk modgsof oneraionais el nivge tdfeopemtiosvinnghichthe

12 RO AT B T T s B e 47
read out of the memory or written into the memory is then synchronously output or input,
respectively, with a clock signal.

[0006] Historically, synchronous DRAMs have supported both an interleaved and a
sequential burst mode of operation. Advance DRAM technology standards are being
defined with an 8-bit external prefetch and capability to support a 4-bit or 8-bit internal
prefetch. With a 4-bit internal prefetch, the sequential read or write crosses a boundary and

1s therefore difficult to implement as illustrated by the following table, Table 1.

Table 1

Starting Internal Bits Internal Bits
Address [0123] [4567]
0 0123 4567

1 1234 5670
2 2345 6701

3 3456 7012
4 4567 0123

5 5670 1234
6 6701 2345
7 7012 3456

[0007] As seen from Table 1, except for starting addresses O and 4, the sequential burst
cannot be executed without an 8-bit internal burst, adding cost, or a dual prefetching,

which adds latency.



556701234 667012345 770123456 [0007] As seen from Table 1, except for
starting addresses 0 and 4, the sequential burst cannot be executed

wi thout an 8-bit internal burst, adding cost, or a dual prefetchin whi ch
adds |atency. 8 May 2006 3 [0008] The existing interleave bd?@?yﬁﬁée
supports a 4-bit internal prefetch butéione applications still use a
sequenti al type of access burst nopde e solution is to always start the

read bur SLO l 'Tﬂg%ls%ngqgteﬁgﬂ%e%or egd Légﬁ)qoé‘gia %gi%lgn%tglgﬁf 8§e%t91r1 QAP shie

accept abl XEOEritT CalCwor d.

If the cr hﬁplmaﬂlonmnd usSa Isétfiﬁﬁ&zd toye ofaioyesobhst Irioﬁé a@rhemm,lutiomtle acylwiags start
I ntroduced. [0009] Thus, the need exists for and apparatus for
enabl i ng B6tRABLYSt atdadexq0 gnd sequepes thagughribe é@f@h&atfss%utwews AFERIAEY es

wi t hout adging GRSH stired ABAGY 0 §Lthk !ﬁ@xtr@mcgla\&/%' ifgﬁ& Wtifical Wéd%dﬂf‘E

| NVENTI ON [ 0010] The present 1nvention Is ect to a nenory device
conpri si nglyeptbénjoedtlonylatﬂncya;rmagducedi menory cells and peripheral devices

col 1 <- TrBgRl FEiseria e fiisscor AdPeib! s diimnal i T ebpOE R B 8 o e

first porfiipalOpreficHe8Sfor | i it lireb %ltl‘l&ﬁ’ Nfdding Bektast Bc§SH BRAndw
further responsive to a second portion of the address inforfration for

i dent i fyi arghitestweder. The address may be a read address or a wite
address, and the order nay be the order for reading data or witing data,
respectively. [0011] The present invention also includes a read sequencer

circuit or both a wite seuMARYCOFCHHE INVENRTIORD sequencer circuit for
reordering bits to be witten to or read from as the case may be, the

menory i n[0088hdhe eresentameniion isatitectsd tofa memonvidewss comprisingen Plyralityieé
necessar y r&‘Sl%e}anpig?s %Jﬁe pl’ HC?BHHFG@IC@Q f{nh?eaﬁﬁl u &rg{at Shl' glt I g nlayfo?n

addr ess se encer sent I 'nventi on I're
met hod of Whﬁﬁgl inforndativ@riftofl the Memoryedtl Yhepériphetah dav‘zlcéselﬁslhdé mewdefoawﬂn

operati Onrsespc\)ll\le,levreetcl) 2 f';[rsgepo?tgo%eorf a(c)1]:11retssh Elfg)rgnealilglg (f:'cPr identifying an address and is further
responsive to a second portion of the address information for identifying an order. The
address may be a read address or a write address, and the order may be the order for
reading data or writing data, respectively.
[0011] The present invention also includes a read sequencer circuit or both a write
sequencer circuit and a read sequencer circuit for reordering bits to be written to or read
from, as the case may be, the memory in response to another portion of the address
information. The necessary address information is routed to the sequencer circuits by an
address sequencer.
[0012] The present invention is also directed to a method of reading a word from a
memory array in at least two prefetch operations, wherein the order of the prefetch
operations is controlled by an address bit, or writing a word in two n-bit bytes under the
control of the address bit.
[0013] In one implementation of the present invention, the new burst sequence splits, for
example, an 8-bit burst into two 4-bit bursts with a sequential interleave within each burst
sequence. That enables each of the 4-bit bursts to be output from a memory array before
the 8-bit burst is required to be output from the memory device. To implement that
operation, the most significant column address bits (for example CA3-CAi) identify which

8-bit burst is selected. Those address bits may be referred to as a first portion of the



operations is controlled by an address bit, or witing a word in two n-bit
bytes under the control of the address bit. [0013] In one inplenentati on
of the present invention, the new burst sequence splits, for {5 ,
8-bit burst into two 4-bit bursts with a sequenti al interleavae'&%ﬁ% n each
burst sequence. That enables each of the 4-bit bursts to be output froma
menory array before the 8-bit burst is required to be output fromthe

menory de e n f t nm
dr cas. biE8ybRorIBbET Rl B, GRECKRIo b8, 03k Bhith SEMI BT
Those addindemabibhsidentyfidsewhieh erfrtbel tvo 4alsit dufstsr &t fprohed dinstdforh fbe Snelvboyy 2006
4 address informtj

" addr o885, (ARSI BEhbE FHounely i thopreiithed GOFSHE tape

fetched f f § ed to
dent Ty e R0 3B bupth] Sk oRB oM RRIESY Wih (e

remai ni ng[M®14] (Fheoptepartt inmergdgu elidwsalseqredgal typenof hetefleavss ﬂortappllc}ﬂm% The
present invention allows seguenti al rl eav a cations
Pequ ri oIS, PRttt o o msthotBea v R R wahg P RGEE whT hou
addi ng anbétent:?ttgmﬁé’ sysferh MEh&¥S hRIMothEN @& Pant 206 208 fb@ﬁeﬁtg Viill Be@Incfisharent
benefits becone a parent fromthe detail ed descri ption of the

preferr edfremﬁb@dﬁemdsddsemmtiqmmfltb@/\premesrembemnmhmntﬂowHE DRAW NGS [ 0015]
For the present invention to be easily understood and readily practiced,
the present invention wll now be described, for purposes of illust ration
and not limtation, in BRIEW DIIISG'IHPMUNI(IFTEHMRQWMG@ gures, wherein:

[ 0016] Fi 1 is a functional block diagramof a typical conputer system
archi t ect ﬁmsl Fauhg proseny inventien &9 hppasily sardersioed andl sepdtinperctised, dheprebd@tt ur e
for a DRAMV%&PO%b Lv?l 19JW '&phg Qéd n@gt ?%JPSEQ So?’”{llu'st'?é%ﬁ)@lt CIE(P ’nol-t qm&tlc?ll;ll 9% - 3A

and 3B are fimng |aramso Xternal prefe conpleted Using a

4-bit i ntﬁfrijl&ichpﬁ@h&ttﬁhfcﬂhﬁhﬂ@ﬁ@m’es twiexdier nal pref etch conpl eted using an
8-bit internal  prefetch, r ectively; and [ ‘}% Fig. 4is a sinplified
bl ock di al}0Afh Bie. él%h’)ﬁ‘ﬁ?‘e}aﬁ%kéﬁgﬁm%? BipiGahee ‘E%‘eﬁ%’tg M hyention may be

used.

architecture;

[0017] Fig. 2 is simplified block diagram of an architecture for a DRAM capable

of implementing the present invention;

[0018] Figs. 3A and 3B are timing diagrams of an 8-bit external prefetch completed using
a 4-bit internal prefetch and an 8-bit external prefetch completed using an 8-bit internal

prefetch, respectively; and

[0019] Fig. 4 is a simplified block diagram of a computer system in which the present

invention may be used.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0020] Advanced DRAM technology (ADT) specifies an 8-bit external prefetch and
supports either a 4 or 8-bit internal prefetch. Typical DRAMs support a sequential and an
interleaved burst mode of operation. However, a sequential interleave is not compatible
with a DRAM having a double pumped 4-bit internal prefetch DRAM architecture. The
present invention allows for a new burst ordering sequence to support a multiple internal

prefetch architecture for applications requiring a sequential-like burst sequence. The




DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0020] Advanced DRAM
technol ogy (ADT) specifies an 8-bit external prefetch and supports either
a 4 or 8-bit internal prefetch. Typical DRAMs support a sequential and an
i nterl eaved burst node of operation. However, a sequenti al i MM O9%e is
not conpatible with a DRAM having a dquble punped 4-bit internal prefetch
DRAM architecture. The present invention allows for a new burst ordering

sequence : [ it : c ' f
appl a1 bt BRGS0 M (BOEnlil ShRCYe i faPbor BB AREE Mt e,
present i mdegtbiides adckaws tikemusiitiail worgdestof i nterl eaves for applications

requiring themT and provi des access to_the nost, crigii c‘?]: mé{id fi rs}.

[0021] Tuld9Zhy Tvsung oy ¢ HIG. 2, &1G 3 pilysietes e simpldiedpPiork ¢leBrgcRt alagr am
of an arghii reg, f LAp! Lid; pely NHRAM

i nventi on%%%%%ﬁ aorrlglr%kr y V@gg@%@@ie@gﬁgﬁg@% Sglpggﬁ%g%?gf/%addr ess

i nput buf fmemoBP dedsp @A Ss vempdsal of armmnthnid(addsss oputrbntfer 3G esspantdvatp a

addr ess bus or dress lines. A conmmand decoder ..and.sequencer 32 and _an
S ces cttmerEPe mmKine a8 B er e i or Al ks S ey
buffer 30,4 0Q42dnchr benka R dfe SRS 048 uciberi 347 @8POARKY Gedpdnéihie fAAMesS

sequencer 34 while bank control logic 38 is responsive to the bank address
decoder 3émumasdaddressofiput buffet 3Ht.ch/ decoder/drivers 40 is responsive to the

2t oh decler) Bk 5o doistrau RSO RA s PG el W Rer ot

in FIG Zcanil flopic BERNBrispunsR¥Sto aRebesk hadtesd debsder aib. bankseties of row
Accordingly, there are four row | atch/decoder/driver circuits 40, one

provi ded fanh/desedersiriversnftO Os Tesnossigh tbatik Bnk[ o] lagisobdiand| e caddase ode

circuit 4§ege§ncreF ?8? ,[61!21(%/ fovr ?%tlgl{i/}ﬁec%g ) i¥er ABGY %@ﬁe&g ?hr %;?? Sm%??&? %ag 0‘}20 m

| at ch/ dec© cir 4°r1ec €S T he nost si I ca

address  [TAStr4tAd in M@ reare fout héiBoyr g labeldahle Oelroagls bk Thacemdingly,
significant bits CA3-CAI may be thought of as a firs p%%tion of  the
addr ess athgre areyfong ey latehédrepdsyidayen Ciienits ¢ ere pravided fo5ecach) Qfnbank 0

| at ch/ dec i t 44 also receives one of the least significant colum
addr ess b@?@%&% ; in the present exanple, the colum | atch/decode
circuit 4@028keAeiohann tliteh/dedodertiraditMdss réspondBAR2 tonthic cdddresy stxpenefr dr dtlet o as

a second go%rlrtnincigtcg;deéorgl% circuit 44 receives the most significant bits of the column address
CA3-CAl, where"i"in the present example equals 9. The most significant bits CA3-CAi1
may be thought of as a first portion of the address and is used for identifying a word to be
read. The column latch/decode circuit 44 also receives one of the least significant column
address bits CA0-CA2 ; in the present example, the column latch/decode circuit 44
receives the column address bit CA2 which may be referred to as a second portion of the
address. The identified word which is to be read may be, for example, an 8-bit word. The
word will be read in two 4-bit bytes, and the second portion of the address identifies which
of the first or the second n-bit bytes is to be read first.

[0024] An input/output (I/O) gating circuit 46 is responsive to the column latch/decode

circuit 44 and is coupled to the sense amplifiers within each of the memory arrays 42.

[0025] The DRAM 29 may be accessed through a plurality of data pads 48 for either a
write operation or a read operation. For a write operation, data on data pads 48 is received
by receivers 50 and passed to input registers 52. A write sequencer circuit 54 orders the
two 4-bit bytes comprising each 8-bit byte in response to, for example, column address

bits CAO — CAl. The ordered bytes are then input to a write latch and driver circuit 56 for



address. The identified word which is to be read may be, for exanple, an
8-bit word. The word will be read in two 4-bit bytes, and the second
portion of the address identifies which of the first or the second n-bit
bytes is to be read first. [0024] An input/output (I/0 gatifgM&%%%it 46
is responsive to the colum | atch/deco circuit 44 and is coupled to the
sense anplifiers within each of the nenory arrays 42. [0025] The DRAM 29
may be ac i . f i r: i.he
opor ati ontiat & tnE HeD el b ihle 8L LEPLRBAAR e PpPhbiDhlia B vdbbl o
i's recei v&dm thy nieda@l \eefags 5D ivadppaksadh ttiee I/0pgiting egtsit 6 3o a2eadAavwhi 1%
sequencer _circuit 54 orders.the two 4-bit bytes conprisin ach 8-hit byte
i n responE®n te rea latch s¥pthe infogmatian is dyub tasa fop F%‘lu@@r-c“@ﬂ%g?%ghcﬂrggﬁ ed
bytes ar egf:hem ips | o okl AlfnfTbyREs Bty CHDL BA1 ofhclbligg 2006
6 input tttce) tg ehﬁg#ioﬁ/sﬁgfsreg@’sﬁﬁ t g’ugh tﬁg 11‘/%%)S gatleng circuit e46r. Dat a
whi ch i s daa he themacutphtr nart betpoe mudtyplexer ysix) 321 andothep wnta Hreodain patie 48/ 0
gating circuit 46 to a read latch 58. Fromthe read |atch 58, the

i nf or mat | BEOYEL 4S04 0 a read sequencer circuit 60 which orders the read
data in response to, for exanple, colum address bits CAO - CAl. The
ordered [@b8] The lOBMnMdIdddEess AnAR BUFRUL0, MUrhmBAEdREodel b Seuenddr t3zen
onto the data pads 48 through drivers 64. 50026] The command/ addr ess i nput
buf f er 30addsessmegsaeenres odtbr bakd adéigsserfiserdes 236, herk eontraledesincdy. Hw, 194Nk
address d r._36,. bank,contr ol e 38, the raow,datch/d eyl driyers
20, oot unfRAEen e acaan A ey pfn R dees e phl: 4L ReGRE AR S Vers
50, i nput rec€igerSta, snpfud reghbtbrs 25 KGIE BERenEar Iefrdirit SBAwrivd iateh drat iverrgkcditi ver
circuit 56, read |atch 58, read sequence circuit 60, output mux 62 and
drivers 6%0.3pad lgshoiBdennd gequsncayarcaitdiOypuippt jup H2 gud drres At atresAnsidsred de
readi ng i I . - WL 0G| N ] i ] cells
of tho-ar Pag B}@'35 Biotrgl H36icld eicBRng i BirtBlib But SO I RIEAEE | O,
per i pher aintalthe intesorly 2 ellndthel edayso Theaesddiptian d€ gerfordoiryelaheithes ppmsaity | y
preferred _enbaodinent, and is not intended to l.imt the scope of the

i nvent i on°% Belameyaqte iocs oo BIFIOGHL g RESVIOS HodHPLOR A a7 yresepily Hfﬁ‘%’ffﬁ‘é art
will recognhamehetn@id!fbe HRMHRLARS 1S iR scof® B ARSinTBMidCLUSAY the rdchvel ement
t he plur a%ﬂty %’% be??pﬂer aﬁl eS:Ieav‘lglcesl, partslcgﬁfarly 1\}\])nerle gtﬂg? rre;mcry

ar chi t ect devéesar Ehasseaf. ofdQ2y jskillning theearailwitl ereosgnizeh thap wthpo sembinatioes 0€ad

sequencer degzlige(s; l%rlla'{y t?ep uée%i tE) (%mli)?e%e%? I:thet ;t]lgrality of peripheral devices, particularly where

other memory architectures are used.

[0027] In general terms, the purpose of the read sequencer circuit 60 is to reorder the
prefetched portions of the read word in response to certain of the least significant address
bits CAO — CA2; in this example CA0 and CA1 are used.

[0028] The following table illustrates the ordering of the portions of a word, and of the
ordering of the bits within each prefetch portion (or group), for a sequential burst mode
operation according to one embodiment. The first n-bit prefetch (in this example, the first
4-bit prefetch is identified by CA2) is reordered according to the start address further
identified by CAO and CA1 as follows:



prefetched portions of the read word in response to certain of the |east
significant address bits CAO - CA2; in this exanple CAO and CAl are used.
[0028] The following table illustrates the ordering of the portions of a
word, and of the ordering of the bits within each prefetch Y8498 (or
group), for a sequential burst node opgeration according to one enbodi nent.
The first n-bit prefetch (in this exanple, the first 4-bit prefetch is

i dentified by o o] ed .di ng to the.stant. address oF
identified by aéé%n%d@fol fﬁgﬁ%% 8 May 20009 Caz—CAl A( St Secthid Bl;tl
n- bi t Second n-bit AddressPrefetc €8} nal Pr 1% Lpncertal B,
000001234567 001112305674 010223016745 0113301274341 00445670123 Bl
101556741230 110667458301 911774563812 [0029] | n‘%bération, when?a ¢ 2ad
command is recei véd, he vhlue on the bank addredsz30nputs BAO aAd BAL
(Bank 0 - 1) selekts dne of the mendry arrays 4223ddress inforft4dn is
then received whi@h identifies a row or rows witiBithl@ach array 424 SThe
address provided bn i®puts0CA3 throdgh CAl (wher& 567 in the pregen?3
exanpl e equal s 9)1 selpectsithe starsing colum | gegtigon. Referring3io FIG
2, CA3 - CA9 are jnput] to ghe colugn |atch/decogesgiksrcuit 44 topizdeptify a
word to be read. l1s al g0 i nput o the colu ch/ decode chrcubt 44
for the purpose ofAizdelntiff/i ng whi cz portion of mtq]héleslaord is to eOCfrJQead
first. Fol002%khhpbesratidre wiEA2a readsetmmandz er @ciOyd, théiealuerat the- trnk gpidedset ch

contains .internal bj 0,.1 , d and the second n-bit prefetch

cont ai ns. TREE HAD Bt B, e 10 Splecfingn OEAE FEREY HGYBHE. ( DY irithe
first n-DinforBl28bR1E heROREAV A whithGHBR i d fowh or Powdwithifeachadehy 41e Thecond
n-bit prefetch contains internal bits 0, 1, 2, and 3. The bits CAO and CA

are i npudddresstpnevidedaen swytsehibdthrongle Gida (Ghere THan theprssenditexamplechgunals 9) es
the start ?dgr SS sr%Jch . . .
selects the startiig column location. Referring to FIG. 2, CA3 — CA9 are input to the

column latch/decode circuit 44 to identify a word to be read. CA2 is also input to the
column latch/decode circuit 44 for the purpose of identifying which portion of the word is
to be read first. For example, when CA2 is set to zero (0), the first n-bit prefetch contains
internal bits 0, 1, 2, and 3 and the second n-bit prefetch contains internal bits 4, 5, 6, and 7.
When CA2 is set to one (1), the first n-bit prefetch contains internal bits 4, 5, 6, and 7 and
the second n-bit prefetch contains internal bits 0, 1, 2, and 3. The bits CAO and CAl are
input to the read sequencer circuit 60. That information identifies the start address such
that the bits can be reordered thereby enabling the most critical word to be output first by
the mux 62. For example when CA2 is set to zero (0), CAl is set to zero (0), and CAO is
set to zero (0) (i.e., at staring address 0), the internal bits in the first n-bit prefetch are in
the order O, 1, 2, 3 and the internal bits in the second n-bit prefetch are in the order 4, 5, 6,
7. Whereas when CA2 is set to zero (0), CAl is set to one (1), and CAO is set to zero (0)
(i.e., at staring address 2), the internal bits in the first n-bit prefetch are in the order 2, 3, 0,

1 and the internal bits in the second n-bit prefetch are in the order 6, 7, 4, 5.

[0030] 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. The
signals available at inputs CAO-CA1 are input to write sequencer 54 which reorders the
bits as described. Although FIG. 2 shows both a write sequencer circuit 54 and a read

sequencer circuit 60, the memory can operate with just the read sequencer circuit 60.



that the bits can be reordered thereby enabling the nost critical word to
be output first by the nmux 62. For exanple when CA2 is set to zero (0),
CAl is set to zero (0), and CAOis set to zero (0) (i.e., at staring
address 0), the internal bits in the first n-bit prefetch aré&W# 2008e order
0, 1, 2, 3 and the internal bits in thessecond n-bit prefetch are in the
order 4, 5, 6, 7. Wiereas when CA2 is set to zero (0), CAl is set to one

(1), and i ef,t. o (s tarkn r . | pter nal

bis i o 0o FIGSIA iR BIR  Rhyind bisBram Br S BLOGLARY SERac) ushdS 481

i nternal ftdrBali prefefoh. 280QANAMDeNsebh ! affef elictcall 1aescyi peridde tioy dets abailable 4, ths.

[0030] For a wite operation, the bank is jdentified in the éame mapper as
S

for a reaBPRpRAdsaPBERrs of AR |Sabif Pyter plhoyeh the Word diag FANABGIESEOPI™PdERE i f i ed
in the sagR.MRY me MG 8-Git Spfgh%ﬁ){ﬁhlzﬁgbt% A'nd %Ré‘ éds%%%lbi%gte'caﬂ% to
e e bi e be g 2

write sequencer 54 which reo rst ts as SCri . Al'though FI G
shows bot proaessed interadtyuiarteerd-bit prafiétthes 4s anavair thadigusee fluentest, oi FiKui3B, 60,

t he nenor n erate_with _just the read sequencer circuit 60. 8 May 2006
8 [0031]%9%2:1’“%%6?511]“8@9_1’55 %ﬁ’ﬁimﬁ%yd‘i‘%‘? f-for an 8-bit external
prefetch HRBRPTR f}rnbﬁagt diagrahefingkated &f FiERA AShEaMmiREERM forhal£bit Ubgble ead

| atency period, the data available at the output pads appears as an 8-bit
byt e, al tpoupgd artey. dedmag surcsa stfrequenesg of d Ghthatwef the B0t frequgness . Baghiidegot he
first 8-bi te.i,s made avail.abl.e t he .data pa a next. 8-bit byte can
be pr ocegl_ié% AL 67t BRDPe Byt s éﬁra&bﬂ? biebdte afotie taveselofibfe. "
contrast, dith tdtHe exBddnal daepattsPh daldyschmibie ﬁfe@,fr%bﬁ'@%%ﬁﬁ%ﬁe%rﬂ&ﬁﬁﬁ Yhd # one
step. [0032] The timng diagramillustrated in FlI 3Ais the timng

di agr am f bit baunflapps. Hhat blages plimye the mayimuph datgfreqyencyriBatgen he puppgitedcy of
1/4 that of the 1/0 frequency. Because not all 8 bits of data may be

i [ abl _ . . Lo .
the ext or 10FSL SR ARl 80Gaf Mb@lied fbic? BREN G0 EB U iR PR 70
on the 4 Thittardag uintkadtiacfBequehait ofpl/80OE€ sha of thei 11O direqlidiey el 8bits det avaflatdguency

that can he supported. [0033] The timng diagramillustrated in FIG. 3B
i |lustrat g’é dair ssrasmble prigyfeoynmibeg datartaythe datg pads, sugh that the oytput scramplency

of 1/8 of phoBL Bhpldi&s dd 53 B tgc){l&e g{%l}g'l;éi im b RlgBe %h lst@zﬁillﬁe (th@koRkat a

scranble prior to outputting a pads, suc at the output
scr anbl e notaylirhging dapdrg bettie erpanse 8f dietsizbyt e. The maxi num data frequency is
scalable (the core is not alimting factor) at the expense of die size.

[0034] Adygaiagas, of LG BLSSSNL LIMSRL AlLADGhYSEHLS Aot YokonEHpROr
prefetches at low cost with no addition to device latency, the critical word needed by the
system is output first, and a sequential type burst for applications not supporting
interleaved bursts is possible.

[0035] The present invention is also directed to a method of reading a word from a
memory array in at least two prefetch operations, wherein the order of the prefetch
operations is controlled by at least one address bit. The present invention is also directed
to a method of outputting an n-bit word in two % n-bit prefetch steps from a plurality of
memory arrays in response to an address bit. The present invention is also directed to a
method comprised of prefetching the first portion of a word from a memory array and
prefetching a second portion of the word from the memory array in an order determined by
an address bit.

[0036] FIG. 4 is a block diagram of one example of a computer system 110 in which the

present invention may be implemented. The computer system 110 includes a processor or

central processing unit (CPU) 112, a memory subsystem 114, and an expansion bus



prefetches at low cost with no addition to device |latency, the critical
word needed by the systemis output first, and a sequential type burst for
applications not supporting interleaved bursts is possible. VéﬂgOSS&O The
present invention is also directed to a nmethod of reading a & 30%8m a
menory array in at |least two prefetch erations, wherein the order of the
prefetch operations is controlled by at |east one address bit. The present

i nvention,.j | i ract 0 p i - hi rdin two
Vo' i o bselel 116} AR Ebmoh s ROt MUk it Blls Lol bt bf |
an addr eseoupldd toheproresent 12 vivaribéabbus 518 B akipargidrebud sondrollerel 11606 also
conpri sed of efetlchi ng the first portion of a word, from mem)r%/ array

y 124 an

and  pref 3G % I€EtomaomartiPn AL 24 fie WhishdvaroysPemeRel rﬁ@rfvefa_i% f
order det ﬁ[cﬂ"af@ %iaspytora%@ dRedEe %@yﬂ%‘a{'d do%@%%gﬁk%}dgﬂte‘rss aftd BltGKedh %ﬂ%ﬁéﬁ 0

one exanple of a conputer system 110 | present inventi may be
i npl enent wdy b¥ htadhedp Btaeessy $ t 2 andihOmioriciubsessena 1 p4 omgdedntegratedoart siagle
processing.unit (CPU) 112, a nenory subsystem 114, and an expansi on bus 8
May 2006 §"Bontroller 116. The menory subsystem 114 and the expansi on bus
controller 116 are coupled to the processor 112 via a |local bus 118. The

expansi on[0p3%] TheRlbohesubbiderhd 1alisQudes QURERErI BnablIdre@It WD isCeoRpRAIton bus
120, to i ch various peripheral devices 121 - 123 such as nmass storage

devi Cﬁsa x @wality pf mewew, m@ﬁi&lphilé5,abl%6gt’i@rasplua¢lﬂy mﬁISig'ngblin@S ézaﬂapw(rj 429my be
. 14 '
oo B8R A R N TSP e BB o B T BT 281 9088 9857,

124 whi charesis@bbipihe @ndngory@oftrolicrl1 24 ¥indtheiémory nadildses 125, 126 via a
plurality of signal lines 129, 130, 129a, 130a, 129b, 130b, 129c and 130c.
The pl ur al3% Y126 togechangegfaip PAKAs Adstessasp SRDR 2o, signalsd over @ plaeditppft he

nmenory co I lL.es: t,Qne a a

DATA. Addarmedgés%s?%kﬁ%é‘%é?gg?}lgﬁ‘a LoLReg 6?@%%@??‘]@%5 lgg’d@sp@g@% i nes
132, cl océndsiiPnahd c@hitiandseCHAP bieedigralcicdvel b pderalliyf coidmandsigial liad0r34. and
133, and gonmmands re._signal ed over a plurality of command signal |ines
134. TheﬁFﬁaWBWr P@é 1%55?261 ﬁl‘idﬁél R]Hféhgl o WMERPTY Jevasesnsfor &/39@@?76 ces 136

;ie\]/-?(?’e igg@_’ ‘ailég?r'e%gféﬁl liﬁl,rlgéﬁgli’,slte%ecgi%ly. Béch memBSPESd B¢/ 1FRCR6TENRLY
may be a high speed synchronous memory device. Although only two memory modules
125, 126 and associated signal lines 129 - 129¢, 130 - 130c are shown in FIG. 5, it should
be noted that any number of memory modules can be used. -
[0038] The plurality of signal lines 129 - 129¢, 130 - 130c, 132, 133, 134 which couple the
memory modules 125, 126 to the memory controller 124 are known as the memory bus
143. The memory bus 143 may have additional signal lines which are well known in the
art, for example chip select lines, which are not illustrated for simplicity. Each column of
memory devices 136 - 139, 136’ — 139 spanning the memory bus 143 is known as a rank
of memory. Generally, single side memory modules, such as the ones illustrated in FIG. 4,
contain a single rank of memory.

However, double sided memory modules containing two ranks of memory may also be
used.

[0039] Read data is output serially synchronized to the clock signal CLK, which is driven
across a plurality of clock signal lines, 130,130a, 130b, 130c. Write data is input serially
synchronized to the clock signal CLK, which is driven across the plurality of clock signal
lines 130,130a, 130b, 130c by the memory controller 124. Commands and addresses are
also clocked using the clock signal CLK which is driven by the memory controller 124



may be a high speed synchronous nenory device. Al though only two nenory
nodul es 125, 126 and associ ated signal lines 129 - 129c¢c, 130 - 130c are
shown in FIG 5, it should be noted that any nunber of neno nodul es can
be used. [0038] The plurality of signal lines 129 - 129c, @lMan%)@é, 132,
133, 134 which couple the nenory nDduIﬁs 125, 126 to the nenDry controller
124 are known as the nenory bus 143 e nenory bus 143 may have

addi ti ona gnal i ar I th a e _chip
el cct 1 st iR rodiy B AP, U8, ngPRNShddli Bos, e selecRRT I
menory dewirmamtck3as- Th899mﬂx&ﬁd addﬂe’sg, anG[DBJchIsImal llmz:s rrempm b33 rdsg;acti\&:lygnom

as a rank of ne si ng ry nDduIes ch he
ones i | | udter diredly OFI?I% -3 th ec{)‘?&‘%ﬁ?rﬁ bfls L‘g]?enfgﬁ B¢M Ay Had J\%ﬁi%é
doubl e si deded® Regigr YheRE &S 190MAP 'Bhff& th¥‘§é sﬁ kébé?&erfﬁmaé d@aﬂb&b@% e

used. [0039 datas output serial chroni zed to the clock signal
CLK, whi chheieryldéewens 136cr1895130’ pl1|39ad>ﬁ thynmfnocy ookuks gR&l 126 reelsqctlya@, 130a,

130b, 130 ite data is input se nchroni zed to.t gha
SR whi ool W RS prgen PreRLba veky SFOECR Erghation THBeTekeT0n,
130D, 1306m98d1¥ﬂ%ﬁtsnﬁ{59é'o¥ mtersﬁ Io?(llna@4sk1@0mwSmare@luaﬁk%gﬁg@&hw ¢han@! SO

cl ocked using the clock signal CLK is driven by the nenory controller
124 8 NaynmpdgBationssaddogsations alr@msgtbéfr §uqmmoduf¢atw@ranﬂmnn®¢m®ll wodin s 125,
126, respectlv at.or .14 d r.ess, and cl ock

i gnal 1| ee* D5 eridnfiptRiof DRl iR e L IR RS e Mo fhe
registers 141, 141' of the nenory nodul es 125,126, respectively. The

regi sters 141, 141' buffer those signals before they are distributed to the
menory devices 136 - 139, 136" - 139" of the nenory nodul es 125, 126,
respectively. [0040] Wile the present invention has been described in
conjunction with preferred enbodinents thereof, those of ordinary skill in
the art will recognize that nmany nodifications and variations are
possi bl e. Such nodifications and variations fall within the scope of the
present invention which is limted only by the followng clains. 8 May 2006
11 What is clainmed is:



1. A nenory device, conprising: a plurality of arrays of nenory cells; and
a plurality of peripheral devices for reading information out of and for
witing information into said nenory cells, said peripheral devices
conprising: a decode circuit responsive to a first portion of®May?®%s
information for identifying a word to,he read fromor witten to said
menory cells, said decode circuit further responsive to a second portion
of the addressyy ' for identifying an order in which one or nore
portions of saygﬂ%ggﬂgﬁkﬁgﬁ word are to be read or witten, wherein each of
said portionslis campemssddeviceacqhprising:ty of data bits and wherein for
sequential burst node _operatjon each oréion is conprised of a specific
group of data BPpgguﬁﬁféﬂﬂW%§§n§%ﬂﬁ€ﬁE§@n or routing at |east one bit of

the address i nfgjiaaiii 6‘1?5 giélgﬂ;e?al STeGHLed ¢&7 re%hihggh%rﬁﬁﬁ&_? 05t YL ah@ foRblitiaddr ess

sequencer for ordering plurality of da its wthin each portion of

sai d i dentriffringdiondntd said. métheryroelin sgidgeripberalafevigeacomprisshgr ei n sai d

sequencer circuit c rises at . |eas ne_.of read sequencer. ci.rcyit and a
urite sequencet dErHE Ut seepansiva Qo st BRn of al G PR RE for HOTHE 8! der
of said speghdii © B¢ eHd Bbm EAkAItRINt & ¥id thénéryf ¢dIB! sB@rddcodle @frciifGhther
identified word is the same as the order of said Asiﬁ)ec_l fic group of data
bits in arespawsing tparsecand portigmefthe dédressfinamaienifor identifdngemorder dewhieb of
claim 1l wherein said.address .sequencer .rout es ol u address bits and
CAL to saPth SeHaB PR sun e m R b B peite R RRER I Ach 3 22 o
decode ci pértibhs isScoBSdeaSIfVEplupality Olf Wath itk whbielrs fdeARqldhtial 8lirsCAiodE Or
identifying said word and is responsive to colum address bit CA2 for

i dent i fyi ARFraiAncFagh @erionss epimptiscd 9é 2 Gpeair sroppef ABASIESf said identified
word are to beaﬂ g@cﬂeégrseéfﬁénééref@r ro@lting QPI 2% TRE Xit%Eth%laﬁth'sg" Fofl; 4l d
menory device conprises‘a dynamC anhdom access menory . 7. A nenory
devi ce, conpri siseigieneerrindtiakdspynsive @drsarlysldedss saenger det dreerimgshid pplraiital i ty

of peripheral devices for reading.information out of and for witing
i nf or mat i %‘%}t?ﬂ”és withig saelvperfiop of paid 1‘%"*§Pﬁe‘%@f9¥dpher al devices conprising: 8
May 2006 2. The memory device of claim 1 wherein said sequencer circuit comprises at

least one of a read sequencer circuit and a write sequencer circuit.

3. The memory device of claim 2 wherein the order of said specific group of
data bits within a first portion of said identified word is the same as the order of said
specific group of data bits in a second portion of said identified word.

4. The memory device of claim 1 wherein said address sequencer routes
column address bits CAO and CA1 to said sequencer circuit.

5. The memory device of claim 1 wherein said decode circuit is responsive to
column address bits CA3 through CAi for identifying said word and is responsive to
column address bit CA2 for identifying said order in which one or more portions of said
1dentified word are to be read or written.

6. The memory of claim 1 wherein said memory device comprises a dynamic
random access memory (DRAM).

7. A memory device, comprising:

a plurality of arrays of memory cells; and

a plurality of peripheral devices for reading information out of and for writing

information into said memory cells, said peripheral devices comprising:



12 a decode circuit responsive to a first portion of address information
for identifying a word to be read, said decode circuit further responsive
to a second portion of the address information for identifying an order in
which portions of said word are read, wherein each of said d%&?Y%%@ is
conprised of a plurality of data bits,gnd wherein for sequential burst
node operation each portion of is conprised of a specific group of data

bits; an address se r for i t. leas i : e
information; and a ggggggéghgﬁ%%gﬁ%%ggdgd%;?% ‘§QQS°EF§9§%?P?ggﬁﬂgétgébits
recei ved from Rizhtfyiny wmadrd tty befreat, saidsdecade eisqonfetheo respomkivader 2 second

sequencer. 8. The nenory device of claim7 wherein sajd . address sequencer
routes col urmPHHaR 4 dhe addregshmfonmation fog &ﬂeggfyglgsél&lﬁééf{ép igh ppytions of e

menory devi ce gf; [ | i Gk E Gt [

col utm addr ess ’??&ﬁ%%gz?%?ggﬁﬁﬂ%iﬁhgggﬁﬁﬁgﬁ%i?§fﬁg&¥ﬁ§d3g§§9?§“ gfgggd,
and i s responbityand wheslnufon sapiengs bulst imddapention aectt pdryion@f isheonaprebed i n
whi ch portions of saifd word. are read. 10. The nmenory device of claim?9
wherei n sai d wetysneSficeauR of 4 Pits pyt es where n is equal to 4. 11. The

menory device of cl g Budre@dEhidneaabl YoutiABRE icaétihe Bit¥fithE a&REN4GRGANatidH, I CUI T
responsive to said address sequencer. 12 The nenory devi ce of clai m 7

wherein said nambry device conprises a dynanic random access nenory

(DRAM . 13. A syste onpri sing: roc Qr;..a controld er .
responsive to said g}%ag‘esgg‘é?“,“% io@qrpngdg%is;ﬁpr@;l%%ﬁa{g?%ﬁ% rescg}vgggrrog% gad o
and sai d menor ylueMty bParkBls in re3pehsdi@bdill MddbssnRd®ngerdevi ces; and a second
bus for interconnecting said nenory controller and said plurality of

mermory devi ces8. eachhesnemgrydésyicee of slapmi Sivlprein said)ddiess, SfuCReET FpYtesf
menory Ceécllﬁr;nn%agress bits CAO and CA1 to said sequencer circuit.

9. The memory device of claim 7 wherein said decode circuit is responsive to
column address bits CA3 through CAi for identifying the word to be read, and is
responsive to column address bit CA2 for identifying the order in which portions of said
word are read.

10.  The memory device of claim 9 wherein said word is read in n-bit bytes
where n is equal to 4.

11.  The memory device of claim 7 additionally comprising a write sequencer
circuit responsive to said address sequencer.

12. The memory device of claim 7 wherein said memory device comprises a
dynamic random access memory (DRAM).

13. A system, comprising:

a processor;

a memory controller responsive to said processor;

a first bus interconnecting said processor and said memory controller;

a plurality of memory devices; and

a second bus for interconnecting said memory controller and said plurality of
memory devices, each memory device comprising:

a plurality of arrays of memory cells; and
a plurality of peripheral devices for reading information out of and for

writing information into said memory cells, said peripheral devices comprising:



a plurality of peripheral devices for reading information out of and for
witing information into said nenory cells, said peripheral devices
conprising: 8 May 2006 13 a decode circuit responsive to a first portion
of address information for identifying a word to be read fron$¥ay##@6tten to

said nenory cells, said decode circuiH3further responsive to a second
portion of the address information for “identifying an order in which one

or nore portions of said ident.gfi ed worg) are tto e re%a ar .I\l/¥rittt§eon,fr

wherein each of sai8 %8?4? ERSTT EBURT Kot 'OF B %rogﬁ oo ddta " bi¥s and
wherein for seguafifyid a @ tto Fedead BSmAb! AFHERED sEQhéAbry Gellg 0sMd de®deof a
specific group of data bits; an address sequencer for routing at |east one

bit of the addeieast iferthsr negsnosaive ateda seeefueadion ef theupddresss pupEnagent Hrsai d
" _ " ; L . s S "
port1on of a Serinfls f G3u B8 fne HHOR Hokloror Bl ductirBa YA TBl BEET

sequencer ci rctdatl ozonténs @heddin legasdl said poiona iy edtpried wencgloratity ofititaand a

wite sequencer. circujt., 15. The ,saﬁ)tem of claim 14 wherein the order. of
sai d specific Bioup Whergigilar ssauentiahburst mode pperaionsarh powmiopss cmprised@hei f i ed

word is the sagﬁ?gﬁ:éggbgfﬂﬁg?ﬁg said specific group of data bits in a
sard

second portion o dentifiéd word. 16. The system of claim 13 wherein
sai d address sequenaenddrosstseguanotrufion rousicd rae keasthine Hit@AGha adtréslinfoomstadg
seqguencer circ%%{. 17. The system of claim 13 wherein said decode circuit

i s responsive ¥ colum address bits CA3 through CAi for identifying said

word and is responsh\gqlAcGUiliN re@RHiios to Qhill AG8Rsd NqubAlRRtibd ¥idRens 8did
order in which one or nore portions of said identified word are to be read

or witten. 18plurdiy sfdatehitowitbinedanh ptimher edid idsatiiepvordl ity of menory
govi s nel igs arpluLsL Ll ol CUIGRLCo! SROOM AGESS IRBL R RA) .
sai d procemsséra read sequencer circuit and a write sequencer circuit.

15.  The system of claim 14 wherein the order of said specific group of data bits
within a first portion of said identified word is the same as the order of said specific group
of data bits in a second portion of said identified word.

16.  The system of claim 13 wherein said address sequencer routes column
address bits CA0 and CA1 to said sequencer circuit.

17.  The system of claim 13 wherein said decode circuit is responsive to column
address bits CA3 through CAi for identifying said word and is responsive to column
address bit CA2 for identifying said order in which one or more portions of said identified
word are to be read or written.

18.  The system of claim 13 wherein said plurality of memory devices includes
a plurality of dynamic random access memories (DRAMs).

19. A system, comprising:

a processor;

a memory controller responsive to said processor;

a first bus interconnecting said processor and said memory controller;

a plurality of memory devices; and

a second bus for interconnecting said memory controller and said plurality
of memory devices, each memory device comprising:

a plurality of arrays of memory cells; and



a first bus interconnecting said processor and said nenory controller; a
plurality of nenory devices; and a second bus for interconnecting said
menory controller and said plurality of menory devices, each nenory device
conprising: a plurality of arrays of nemory cells; and 8 May 2We62008 a
plurality of peripheral devices for rez?ing information out of and for
witing information into said nenory cells, said peripheral devices

conprising: a decod irocyit.responsi ye.t firnst i 0 S
information for i dgrﬁ?rﬁf}ﬁnﬁf BN reaﬁta(;evk%gr raéé,adgngi %?(%%ﬂecag@rel %Jit(r’jbgﬁ;{ri% ?otﬁrt her

responsi ve to arisiagimdrmavhtihesall mémeryadils,esRl pefiphérabdévides fcomptisi@pt i f yi ng
an order in which portions of  said word are read, wherein each of said
portions is conpri sédieepdeacipsuity Espenpivef togatisst partian of pddrsey antarmagion for
sequenti al burgfo,aRfi, ORELAY) 88 (EAENARILANcRluil AuRPLshSRTve & a 3pRECT 1 ©
group of data bits; addr e3s sequencer for routing at feast one bit of

t he address i npatioatdfahe adddssinfeadtisn foe ideatifyiny awoddriingviseh gortlons alfi t y

of data bits received fromsaid, plurality of arrays in ,response tq said
address sequentd Woﬂd)?refﬁﬁ Hsteine of saifl oy frsunnsed i Rl Ex of data

sequencer rout 65 &0 HHHeix@fil,g F%ﬁ%ﬂ@élt&rmd% efdfion (eQcIB Bortioft SR UE AR rised

circuit. 21. The system of 19 wherein said decode circuit 1s
responsi ve to cbd speaificagiduesddta biss; CA3 t hrough CAi for identifying the word

to be read, and is resppnsive to colunn address bit r i.dentifying
the or der 1 whi ch BORERSCHIenCer BT T e 3 rostang ites herpd sy SR BRI S m
21 wherein saighgwrd is read in n-bit bytes where nis equal to 4. 23. The
system of claim 19 additionally conprising a wite sequencer circuit
responsi ve to sai d aderdesquenseuitonoederingsaidmterabiyysoledatobits reteived dronhsgiéi n

o B RS SRR 9 S ik Y ©f ynam o randor

20. The system of claim 19 wherein said address sequencer routes column
address bits CAO and CAL to said sequencer circuit.

21.  The system of claim 19 wherein said decode circuit is responsive to column
address bits CA3 through CAi for identifying the word to be read, and is responsive to
column address bit CA2 for identifying the order in which portions of said word are read.

22.  The system of claim 21 wherein said word is read in n-bit bytes where n is
equal to 4.

23.  The system of claim 19 additionally comprising a write sequencer circuit
responsive to said address sequencer.

24.  The system of claim 19 wherein said plurality of memory devices includes
a plurality of dynamic random access memories (DRAMs).

25. A method, comprising:

outputting an n-bit word in two 1/2n bit prefetch steps from a plurality of
memory arrays in response to an address bit; and
identifying a starting address in response to one of said address bits and
reordering the bits of each 1/2n bit prefetch in response to other address bits.
26. The method of claim 25 wherein said address bit and said other address bits

include any of the least significant column address bits.



outputting an n-bit word in two 1/2n bit prefetch steps froma plurality of
menory arrays in response to an address bit; and identifying a starting
address in response to one of said address bits and reordering the bits of
each 1/2n bit prefetch in response to other address bits. 26.8 Ma#2088t hod of
claim 25 wherein said address bit and 3gid ot her address bits include any
of the least significant colum address*bits. 8 May 2006 15 27. The net hod
of claim25 additionally..c risi t.he. st of writing, ann-hit word. into
one of the pi P b | 30 mCHEATR Sl g iohh BEe Sherlfing eSid sy erhlrac st e’ Mg
A met hod, werIitd Sid\eF: thepRiralif Agendory birys iRQEdpoAst Bfsaid Adafeds bit.Om a menory
array;,; and prefetching a second portion of said word from said nmenory
array, said f2¥%st Ardctbedeamppsiigi ons bei ng deternmined by an address bit;

and reordering the hj . S3| i ions in
response to other g%%%%@égg$@£P8§5$Q4%éaﬁéﬁﬁgggoeﬁ%ﬁi?ﬁ?gg&aherein sai d
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address bits CAO to CA2. 30. The .method of claim 28 addi t(% onal Iy conpri sing
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array in at |least two prefetch operations in sequen
oper ati on, wheothenaddness bitsler of said prefetch operations is controlled by
an address bit . o : . .
29. The method of claim 28 wherein said address bit and said other address bits
include any one of the column address bits CA0 to CA2.
30. The method of claim 28 additionally comprising the step of writing an n-bit
word into the memory array in response to said address bit.
31. A method, comprising:
reading a word from a memory array in at least two prefetch operations in a
sequential mode of operation, wherein the order of said prefetch operations is

controlled by an address bit.



