WD 03/ 050690 PCT/ US02/ 38572 SEQUENTI AL NI BBLE BURST ORDERI NG FOR DATA
BACKGROUND OF THE I NVENTION Field of the Invention [0001] The present

i nvent i orwD3ms06ect ed to nenory devices and, nore parti celcarisyz/3¢502 met hods
and circuits for reading information into and out of the nmenory device.
Description of the Background [0002] Conputer designers are continually
searching for faster nenory devices that will permt the design of faster
conputers. A significant limtation on a conputer's operating speed is the
time required to transfer data between a processor and a nmenory circuit,
such as a read or wite data transfer. Menory devices such as dynamc
random access nenories (DRAMs), synchronous dynam ¢ random access nenories
(SDRAMs), flash nenories, et GEQUBNTIALYNIBBLE®BURSTar ge nunber of nenory
cells arranged in one or nore apgRDBRINEFOR DHAYACONPri sed of rows and
colums. Each nmenory cell provides a Tocation at which the processor can
store and retrieve one bit of data, sonetines referred to as a nenory bit
or mbit. The nore qui ckl BACKGROIIED Qi TEHOHINVERIIOMe data within the
menory cells, the nore quickly it can performa calculation or execute a
program usi Reld bethddheentipf003] FIG 1 shows, in part, a typical conputer
systemarchitecture. A central processing unit (CPU) or processor 10 is
connected to (?qliroc ssor bus 12, which i turn is connected to a system or
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00321613. WO 037050690 PCT/ US02/ 38572 between the processor 10 and a
menory devi oeend@y deviee.pr ocessor 10 i ssues a conmmand and an address which
are received and translated by the nenory controller 14. The menory
controller 14 applies. t ransl.ated command signals on a plurality of
command |in sesﬁ‘g&g)ﬁlc?%tﬂﬁezﬁ%cr §ﬁ°s“lngt ed address on a plurality of address |ines

grzt t gndt he TE(SH%& y de(yc;ncl:peutg'régdesi-[gnheerg Gre coninua lysslegrréﬁfng 8¢ t%st\e/:\lerlnlem%pyoc\{\glviéers] the

that will permit the design of faster computers. A significant limitation on a

computer's operating speed is the time required to transfer data between a processor
and a memory circuit, such as a read or write data transfer. Memory devices such as
dynamic random access memories (DRAMSs), synchronous dynamic random access
memories (SDRAMs), flash memories, etc. typically include a large number of
memory cells arranged in one or more arrays, each array comprised of rows and
columns. Each memory cell provides a location at which the processor can store and
retrieve one bit of data, sometimes referred to as a memory bit or 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
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include, in the case of a DRAM RAS (row address strobe), CAS (colum
address strobe), WE (wite enable) and OE (output enable), anong others. A
cl ock si gmalozoxesml so provided on CLK Iines 24. Correspon@cCmgSvn3sshe
processor-issued command and address, data is transferred between the
controller 14 an h 18 Vi I, nes_ 26. 4] Met hods

xi st to. enderEedlifytae a8 thanbR AtR e, ThBRpERor 1RGN "To
external devbg@mnt@ndan apdeatwitich irrstaivddhad tiaheafel B% the memkssconabllehe
menory device to retrieve data fromthe array. These nethods incl ude

pi pel i ne and4prl&e aery gertrdles 14 ApRIss th ryslatédromynand signalyen 2Bty des

i nternal pr | b FParld guﬁq i r sses

i nformati on%(rfgfrgt'?g%h? %)Sozone 3&??5%?&%%?%& %r%gaa m%g C g?lgegéegnﬁgréggssi ng in
each stage itise mambiyedtviugt18siThebd camanarsd signals gamadlll lmowndudhe art frak t he rate

at which data can be output fr he device can he greater than the rate at
whi ch data fRcludss j 9@%#@%&&1iﬁﬁ%&?WM?*m%%stm%é?ag%ﬁm% ldregs)
i nternal pr i i i i e ral : i al

P eﬁa%g,r 2 %@e%ﬁé&ﬂgﬁd@ﬁ(duﬁb@%@dléx hmoRPGthBR! M@ oA

k
conversion is at t i nput /out put 'section. [0005] Both the
pi pel i ne andlsppedadahom€LKdiss 2dnCowespadingdo thegpoeessorfissued exrampghéandy bur st
node of operation., The burst e of operation is node o operatj.on in
Whi cht he s Baier R duirBbETeg Dot e Bt et o Bo Miatery o8 vRERABAbY y
device. Thegdaigcstring to be read out of the nmenory or witten into the

menory is then synchronously output or input, res}gecti vely, with a clock
si gnal . [ 000@004iMetbedscexiist Yo enapleghemoyiteviorRANECh2s R &M prsmosd 1 &deh an

interl eaved and .a se tial r st erati on e%

t echnol ogy 2PRHGY} %éte@;a{lg@evbc&s Flog‘y ed@q#%%%%g%rﬁﬁg%{hggﬁetﬂ teax? ée/r%ggﬂe pr e{‘y} 8t ch and
capabi l ity tevistlRPRtieva ddtalftdm @e dBrayi Thesethethodd inplugé pipeline ANdt greftch- bi t
internal prefetch, the sequential read or wite crosses a boundary and is

theref ore dimsthedsiof operation| Ehgpipelips method divides intgrpak facesyipg Sitp A GUIRST e,
ool 3 et R AR RLRSOERR ISR 35 el it 9

Internal Bits erna
each stage. Processing in each stage is carried out simultaneously in parallel, such

that the rate at which data can be output from the device can be greater than the rate at
which data is retrieved from the array. In the prefetch method, all internal processing
is carried out in parallel, and parallel to serial conversion is performed at the

input/output section.

[0005] Both the pipeline and prefetch methods can be used to support, for
example, a burst mode of operation. The burst mode of operation is a mode of
operation in which the starting address for a data string is provided to the memory
device. The data string to be read out of the memory or written into the memory is

then synchronously output or input, respectively, with a clock signal.

[0006] Historically, synchronous DRAMSs 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 is therefore difficult to implement as illustrated by the following table,

Table 1.
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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 woasesses O and 4, the sequential burst cannot beceaseusss® w t hout
an 8-bit internal burst, adding cost, or a dual prefetching, which adds

| atency. [0008] The existing interleave burst node supports a 4-bit

internal prefetch but sone applications still use a sequential type of
access burst node. One solutionis to %* ys start the read burst at index
0 and sequence through the data. That § %?ion is acceptable only when the

word stored adtaitiwiex O i s UhAernsd®itcritical worIhteddal B critical word is
i ndexed at anyddteser | ocatiofglpRajency is introdydad 7] 0009] Thus, the need
exi sts for a nephod and appartei 28 for enabling bo#ts@7bit and 4-bit
internal prefetdhes for new arZBidt ectures w thout 5&dng cost or latency to
the new archite@ture. SUMVARYZ TF STHE | NVENTI ON [ 0670} 1 The present invention
is directed to & menory device4é&énprising a plurdllity of arrays of nenory
cells and peripHBeral devices 49f 7reading informatfPd dut of and for
witing informafion into the 2@hdy cells. The pekidphtral devices include

a decode circuif responsive t©’81irst portion of 2ddb ess i nformation for
identifying an Taddress and &G04 drt her responsive3ﬁ65% second portion of
the address information for identifying an order. The address nmay be a
read address or a wite address, and the order may be the order for

readi ng dat Zoam Wi Bk %n%rﬁﬂ"aﬁl@ﬁ?@fc&%ﬁ’%% thg%r%%@lgesgé@% e %tseglge\ﬁﬁaf ion

al so includes a'read sequencer circuit c a wite sequenc circuit
and a read $egtienmmet beexecutet wWithout &03-te nntagpabburst, addibecaest,iaraglmak 0o or read

from as the cas . TBY bg, &hF menory in response to another portion of the
- 3- 00321613’?&%6%“& hich ‘adds latency.

[0008] The existing interleave burst mode supports a 4-bit internal prefetch but
some applications still use a sequential type of access burst mode. One solution is to
always start the read burst at index 0 and sequence through the data. That solution is
acceptable only when the word stored at index 0 is the next critical word. If the
critical word is indexed at any other location, latency is introduced.

[0009] Thus, the need exists for a method and apparatus for enabling both 8-bit
and 4-bit internal prefetches for new architectures without adding cost or latency to

the new architecture.
SUMMARY OF THE INVENTION

[0010] The present invention is directed to a memory device comprising a
plurality of arrays of memory cells and peripheral devices for reading information out
of and for writing information into the memory cells. The peripheral devices include
a decode circuit responsive to a first portion of address information for 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
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WO 03/ 050690 PCT/ US02/ 38572 address information. The necessary address
information is routed to the sequencer circuits by an address sequencer.
[0012] Thwopsesmwsst i nvention is also directed to a nethodpraofi/useasisny a word
from a nenory array in at |east two prefetch operations, wherein the order

vor d o eHopy TRTTELL G T Re RN Al RS i MARRE FERELE s eflopi 5 "7

one i npl en’er@i@ﬁltmyﬂfaddh@s@é(ﬁ&ﬁfﬁr i nvention, the new burst sequence
splits, for exanple, an 8-bit burst |nto two 4-bit bursts with a sequenti al

interleave [09%2hi n Sheprepent stvenbepisiise direated ton methad ofaeading a waed fom; ¢
bursts to bfa rﬁ&h@&taﬁ.fawnmeag{g\wg,yef&a{ eraﬁi Qr $nd g tﬁ & Bider BEE ﬁaréfacﬁequ' red

to be outpu rom’t he” menor enent at operat t he nost
si gni fi cant opetations ﬁddﬁt@@l&dbﬂytzﬁl dddexss blx,ajrp\IrralngWoﬁAn)twb@hemt byftys whilech 8- bi t
burst is selected. Those address bits nmay be referred to as a first
portion of theconiral 8@2‘ ciaddisPsRiti on. Address bit CA2, referred to as a
second portirgeysf t r t wo
4-bit burst arsi tehte(z: g{p rsﬂtuﬂ{ ?odr}r?% hﬁ&%{rr%?sﬁ%d;drg%%met%q%%@e may t hen
be used to ispktss fofyxampie,czhl Bbit bhest tefvat ¢hedukstbwith aaequentalbetedsaer t ed

first, wth t. ining 3 bits output in fromthe first
bit. [0014] WT*H’%“ ?t S?‘iﬂ?@ﬁ? |@?‘?tﬁ?aﬁ’g‘?ﬁ5€a 86@% ﬁﬂf {"fr§tﬁg g? O‘lltﬂ't‘te“?(}rﬂéves f or
appl i cati On%elﬁ&?%hray'BGfotr@%@Saﬁlnglqykéjﬁﬁe@&PE‘é&tbr & kiR tHMEm6ERy devial word
first without adding any latency to the system Those, and other

advant ages diednipdereduit that Omrlallolbéhﬁ)miesté@éi@m cqlummaddr@ssi@t%(fqr@damgk;cn ption

DRAW NGB, | 00tb CAIT PRSP R R Rffsrots S R i o s

readily pragéasg€rst pbﬁﬁmﬂif@l’ieﬁiﬂdrds@Vrﬂ“&ﬁ‘rha@@nWAdHrd%@Nthﬂauijeéféfrbd)%das af or

purposes of illustration and not |limtation, in conjunction with the

fol | owi ng f iSEEAMEPOTtgHER éh%adqrmlreﬁonmt@n identifigs whlﬁbp]fﬁwéWOHrla&Ruraﬁsa&r am of
a conputer t di agram
of an archi fféétg eﬁﬁﬁa %?Jnltﬁg %Q heﬁ%(?gééndtlaf%\%gﬁﬂ%érﬁg %’lél%gr Fi gg. 3A

and 3B are twhithhef tile pg;rfarmecb@bmaare ngbaasteined fiyst, efitt thh rémaining 3ditsiontput

prefetch, respectively; and [0019] .Fig. 4 is a sinplified block di agram of
a conput er é%?qeﬁmiwﬁ r%wnt{lﬂéflrs bit.

[0014] The present invention allows sequential type of interleaves for applications
requiring them and provides access to the most critical word first without adding any
latency to the system. Those, and other advantages and benefits, will become

apparent from the detailed description of the preferred embodiments hereinbelow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] 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:

[0016] Fig. 1 is a functional block diagram of a computer system architecture;
[0017] Fig. 2 is simplified block diagram of an architecture for implementing
the present invention;

[0018] Figs. 3A and 3B are timing diagrams comparing a 4-bit prefetch to an
8-bit prefetch, respectively; and

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

present invention may be used.
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present invention may be used. -4- 00321613. DOC WD 03/ 050690

PCT/ US02/ 38572 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0020]
Advanced wBAbbsosethnol ogy (ADT) specifies an 8-bit externakCprushrisste and
supports either a 4 or 8-bit internal prefetch. Typical DRAMs support a
sequential and an interl eaved burst node of operation. However, a
sequential interleave is not conpatible with a DRAM havi ng a doubl e punped
4-bit internal prefetch DRAM architecture. The present invention allows
for a new burst oDRFAHEDDKSERIPTION QPTHE PREFERREDEMB@DIMENYSS et ch
architecture for applications requiring a sequential-Ilike burst sequence.

The present [pg@Nt i AQvalck@ R SRGERHolEly (AYAYSp&Yified i £blt @RMARI pRfetch
applicati ons requiring them and provides access to the nost critical word

first. [002¥ndpupnerisgithene 4 or b interapprefetch.  Typiesd MS aupiontd i fi ed bl ock
di agram of .?sﬁ% eBE%\hI td a%txﬁ'{eﬁea 24 b%r P%Me%? eblte Of vle?rges%%ngiag he present

i nventi on. nenory devi ce d Co addr ess

i nput  buf f erin@3fledvespantdorpatibleavittcoDRANM hb%ﬁg@rdoﬁb @gﬁﬂﬂ)eﬂ g Sinffhl an
address bus or address lines. A cormand decoder and sequencer 32 and an

addr ess seqlpé pletch DRAM arclyigetire. e%%ﬂ@ﬁ%lrtV@n&l%allwﬁraﬁap\a@@f%ggdem@ut
buf f
cequencer adies © BR ARMIGTR iNEAALSE AR drinilcERRORS afiCBphIBaBARECED

decoder 36. aﬁseqmanltlelshloé bursteseqliaice hTHe predent irdehtiar sllodds sequesm:mptypss ofe to the

bank control. 8 and the address s encer, 34.
| at ch/ decodéPtF Wéfor&@pklgatlﬁquagaigftﬁ?még@wrweﬂﬁraycesaﬁ? ER‘? most ofifigabst r at ed

in FIG 2 angfigyg menory arrays | abel ed bank O through bank 3.
Accordingly, there are four row |l atch/ decoder/driver circuits 40 each
responsi ve t[8021gne Eﬁmbml@mtqFIEG)lZgEI%%HugratéfSGOSZ@phﬁe(tblloghdlagmrchf]ajlecode

circuit 44 is .responsiv he .addr.es

bt oh decaadiaiERE 54 DRAM GRS RE TR T bresfit inyeiGog THTBRAM
addr ess CA3-héthory\daeice 29 fis'cdniprise@ oPh €50 fHan@¥ddrBdsdnma baker 90 rekpénsiRd a
significant bits CA3-CAI may be thought of as a first portion of the

addr ess and commanddys ppeomnpend [ings ang aa adgness bus dsaddisssdlinesh & eosroend
latch/ decod%eg&{eg; 5'1'1& seﬁﬁer‘?‘ée? 92 and an address sequencer 34 are each responsive to the

command/address input buffer 30.

[0022] 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 is 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. 2 are four memory arrays labeled bank 0 through bank 3.
Accordingly, there are four row latch/decoder/driver circuits 40 each responsive to
one of bank 0 through bank 3.

[0023] A column latch/decode circuit 44 is responsive to the address sequencer
34. The column latch/decode circuit 44 receives the most significant bits of the
column address CA3-CA1, where "1" in the present example equals 9. The most
significant bits CA3-CAi 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-CAZ2; 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

-5-
00321613.D0C



receives one of the least significant columm address bits CAO CA2; in the
present exanple, the colum | atch/decode circuit 44 receives the colum
addr ess bwO 0@8se9onhi ch nay be referred to as a second por PComsed/3sshe

address. The identified word which is to be read may be, for exanple, an

8-bit word Th i.ll be read in.two.-5- .00321613.. 3/ 050690
PCT/ US02/ 38878t ﬁoha{lwﬁ)‘iﬁ sggon‘{a%‘d o 8 (b S%q{ﬁssﬁg?‘%t}%lt?ﬁ @vcﬂ%hg\ggs? 8%@‘6
identifies vyeé(ﬁllarpfsltb{ﬁ@sfslt()%r@rdﬁlbte second n-bit bytes is to be read
first. [00241)0An 1/0 gating circuit 46 is responsive to the colum

| at ch/ decodd0024]r cui t AmnI/Oogatlééﬁtrelat 46 gespensiee mwehumnslawl/tdnmvieeach of

Lhe Tenory R34 8 ponB0Rgker S MR TR L AR RRRRE, bLRUID 2

plurality ofClraa

operation. Ko025 \MII}% DRAMDRY aihy bdakeessu tﬁﬁiughmqlﬂi&aln%fldatar;ﬁaew&ﬂ by
receivers 50 and passed to input registers 52. A wite sequencer <circuit
54 orders t tith @Wowntemnerq&wég adepdncEtiog. EaehweLepReriiane data opdafacide t o,

for —exanpl 48 1§9e{<]: ved g?éc%ﬁ%rﬁdﬁxd%kgfgt%mrpﬁpf‘e i ?'Sé’d Wﬁf’e%e@n{/ cdhen input

toawite rrver circuit arrays 42
t hrough the chnb(at g4ordegs theitwe diit Wbes cmm;msmgu eabh Bsbntbytds)m regaasd topfart he

menory arrays 42 is outp t through th i ng CI cwt 46 to.a read
latch 58. Fresampitecelany afdieghbibcol Pﬂee? ‘?‘ﬁﬁ“? Lzstﬁs g t ‘?IHBHE“ '@ V4 ead

sequencer Ciifehhid §GveMirehit 96 @&rlﬁ%&t W& eGSR S lafral $147 BROUISEe 1O odhifb

exanpl e, colum address bits col . The ordered data I's then out put to an
out put  nux cRuibA6. Dhtrwlonh o tolbe rekat fom debsmeiBotyharoayg U2 dy pwiputshi®ggh [l@026]

The command/ address .i n buf fer. 30, .coanmand de d.s encer

2ddr evs oqdtheumeitenf Hied datieeh 580 SHER M CSE AR o Me BRGS0t he
row | atch/ dgsndeh t4hbisk@iehcdQircaR 60 WhidlAdrabrs HRCRAE dbta i sportkd to, If6O gat i ng
circuit 46 , the receivers 50, input registers 52, wite sequence circuit

54, wite | @@(@mpbn@plwmn\aédreswrs(ﬁﬂlp 15 &l heroadared date ks hen owtpHEtoS8 QUEME o
circuit 60 ?gnt%r?ﬁie %{tﬁ EJsS4f8%roﬁgﬁdn$&rs'%4 ered to be a plurality

of perlphera deV| ces ron out of and witing

i nformation [0026) t heThesvairyarciédddsess inpubhibufesr 3aysommhbed desder dptlisequeatert he
forgoing elenents as a plurality of peripheral devices is intended to
provide a d@seddressiseapenseriited Fist gJeoorer 3, bark eantiodlogtnis, thefa%i s not

| ntended to !ﬁbmdécotdEﬁﬁin&??@@ B urﬁﬁ]ﬁtc'hrh\ég&fe' ARuft Q4,Ol’7bygahH§ cfr&ﬁﬂ 4§,theVi ces.

Those of or rnary s ’he art
receivers 50, input registers 52, write sequence circuit 54, write latch and driver

circuit 56, read latch 58, read sequence circuit 60 output mux 62 and drivers 64 are
considered to be a plurality of peripheral devices for reading information out of and
writing information into the memory cells of the arrays. The description of the
forgoing elements as a 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
plurality 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 the least significant
address bits CAO — CAZ2; in this example CAO and CA1 are used.

[0028] The first n-bit prefetch (in this example, the first 4-bit prefetch identified
by CAZ2) is reordered according to the start address identified by CAO and CA1 as

follows:

-6-
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wi |l recognize that other conbinations of devices may be used to inpl enent
the plurality of peripheral devices, particularly where other nenory

ar chi t ectwo®s/osoee) used. [0027] In general terns, the purposasei3ssie read
sequencer circuit 60 is to reorder the prefetched portions of the read
word in response to certain the least significant address bits CAO - CA2;
in this exanple CAO0 and CAl are used. [0028] The first n-bit prefetch (in
t hi s exanpl e,Stanting i r st 4- OnterpaldBiés ch i dent i f i bderday Bi#42) i s reordered
according to Afidress art addrefisl2ddntified by CAO[ABD TUAI as follows: -6-
00321613. DOC WDO003/ 050690 PCH U332/ 38572 Starti ng SithTernal Bits Internal
Bits Address 10112 31 4] 5 6 74300 0123 4567 1 12%0 4674 2 2301 6745 3
3012 7456 4 4587 6123 5 567439430 6 6745 2301 67 4356 3012 [0029] In
operati on, when3a read commantOil€ received, the valuxfon the bank address
I nputs BAO and BAl (not showr@5 4I ects one of the ry arrays 42.
Address information is then [§ ived which iden&%i a rowor rows wthin

each array 42. gThe addr ess igded on inputs 3 %ough CAI (where "i"

t
in the present ‘exanple equal's 9) selects the sta toiln colum | ocati on.
Referring to FIG 2, CA3 - CA9 are input to the colum | atch/decode circuit

44 to identifhy29 WOrf oh&alién, vAiRM-a rebd €orhMaid 8 edefRM! theValud@nGRd bafk
| at ch/ decode circuit 44 for the purpose of identifying which portion of

the word i s addrepeinpetadAQ ansk BAT(eotishewn)salctmaie cAthegnempryaitays 62+ he read

seavencer cLAGHLL IR P AR oS LRI,

be out put fi4stTheydddess provided on inputs CA3 through CAi (where "i" in the present
example equals 9) selects the starting column location. Referring to FIG. 2, CA3 —
CA9 are input to the column latch/decode circuit 44 to identify a word to be read.
CAZ2 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. The bits CAO and CA1 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. '
[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 CA0-CA2 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.
[0031] FIG. 3A illustrates a timing diagram for an 8-bit external prefetch using a
4-bit internal prefetch. As can be seen, after the read latency period, the data
available at the output pads appears as an 8-bit byte, although the word was
constructed from two 4-bit bytes. While the first 8-bit byte is made available at the
data pads, a next 8-bit byte can be processed internally in two 4-bit prefetches as
shown in the figure. In contrast, in FIG. 3B, the 8-bit byte is prefetched from the
memory in one step.
[[0032] The timing diagram illustrated in FIG. 3A is the timing diagram for a 4-
bit double pumped array. The array runs at a frequency of 1/4 that of the IO

-7-
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mux 62. [0030] For a wite operation, the bank is identified in the sane

manner as for a read operation. Simlarly, the starting colum address is
i dent i fi esloios/osdego sane nanner. The signals avail abl e at Popass2/8AQ CA2 are
input to wite sequencer 54 which reorders the bits as described. Although

FI G 2 sho el%ggr}rga E/gcﬁﬁs% nof 8%‘@%@? bf dzﬁ%l]{n%g 'b% a%]lila%?edfo? datg%graﬁl% gﬁ?&?é cui t

circuit 60, can opera sequenc

60. [0031] Fch&mei%ry Hévukaat d’Lﬁ;ﬁL&’ﬁn@di’[a td trhg exiueagn datn fads, adafd- sbtaﬁnlﬁe(hmﬁtr‘[fel
prefetch using.a 4-bit internal prefe can be seen, after the read

| at ency per |R96f°“9%016ﬁ194 blb‘%\in %‘b?se Téﬁt Elﬁ“eesédt%t’nma’ﬁﬁb‘%ﬁi%a as an 8-bit
byte, altho ugmtmrgn tructedfromtwo4bit bytes. Wiile the
first 8-bit e Iabeat the data pads, a next 8-bit byte can
be processed003g]er naTHeylmmgtd\mgrztnbliluStrptedﬁmFMe‘@ Hiistrathoang-bit strigée figure. In

contr ast in FIG, 3B, it from menor n one
Soon Tl bos Pumpgd ant: HE aray rune A p FausTay 66 1A PHEhe oF Ik 4 FRBRnTY Al

di agr M 1 01 i b IO CIRUTHERIFRY to FIGBRE o §118 il rmvency  of
1/4 that of the 10 -7- 00321613. DOC WD 03/ 050690 PCT/ US02/ 38572

frequency. Beatdbseutpatscrinibl@miay bs compltedzonramg biébgieaiThamasirhan ddtat a

scranble prior to .the device, o ut t to the xternal dat a
pade, . dot dregurtiuit SHIEEIE e SRbirgt RHHREE bRE LR SRS A Thay
places a Il(rj[o03cqn t hedvaRaiBI6T tHabresérteaeaney inchalk teaabike t6 vkt £Bit [ 0033]
The timng dia ramlllustrated in FIG 3Billustrates an 8-bit single

punped arr ayntem&preﬁq&l@y at lgmscost withmp addisine jo éfvice Igtepey, theagritispl ward dat a
frequency. qx@: r putting
data to the a 4 ﬁ;a%é ?ysgﬁrﬁhs dtqﬂ%t al{doa{ out| G%Iﬁlafgég%m&f& abgfecar(t:lgrrlr%:x%t ed on
an 8 bit byts&ppdﬂ'iﬁgﬁﬁeﬂeﬁWﬂlﬁiﬁ:ﬁtals]id’saﬁlbenCy is scaleable (the core is not a
limting factorgi at the expense of die sjze. [0034] Advantages of t he

present i nvdf93dn i ntieaeseahBVEHionis glsp élrgﬁﬁb@r‘tmﬂthﬂfipfrqaﬁtnéraﬁ’&‘?r dr# et ches
at | ow oot JhtoRuaddh bl Biki o BRAERoDANEREYAES R bidePal mbBidkepecded

by the systemTs utp t a sequent ! al type burst app | cati ons
not suppor topagtions Brebetan] ed Hymt $dast are addess bik.eThe present invention is also

directed to a method of outputting an n-bit word in two %2 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 112, a memory subsystem 114, and an expansion 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 devices, keyboard, mouse, graphic adapters, and multimedia adapters
may be attached. Processor 112 and memory subsystem 114 may be integrated on a
single chip.

[0037] 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, 129b, 130b, 129c and 130c. The plurality of data signal lines 129,

129a, 129b, 129¢ are used by the memory controller 124 and the memory modules
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[ 0035] The present invention is also directed to a nethod of reading a word
from a nenory array in at |east two prefetch operations, wherein the order
of the prwbeBofneomperations is controlled by at |east onepraudrsesssshit. The
present invention is also directed to a nethod of outputting an n-bit word

'n two 92 n-Bits B BSLEReS HARDAT AU R DRYOLighRERbYe: A i dF

response to an’ address present 1 nvention i i'rect
nmet hod conpraddesds signgiliaéet 2hclogk sigaals 4t appappli@iomd clackting13Y,amda nenory

array and prefetchi second portio f the word fromthe ry array in
an order det PRI arf % eé’s%"%?ﬁ’?”?‘%@?foﬁ?@d sigpal lg1e5|1g4§ E?B%/agr am of

one exanmpl e Ql GRSTINSAD s SHEY RENAA D plutali YT FleniohP aBViERA% I yersg-an may e

i mpl emented. The conputer system 110 incl udes processor 112, a nenory
subsyst em 1149’ amtla segisexpahsliddn respectrehy. r Bddhenemidiy.deVive 136enB3Pyl Hibsyst em

114 and the ansion. bus controller 116 are, coupl to the rocessor 112
via a | ocal 1§§gmﬂ§ea ERFaRHIF WHB?JSsmE‘Bﬂfyrqﬁvf%P Aﬁ%ugléog]%%’gd%%?réd to

at | east ongSHARNRISOM MR ala&sziatéd)sigmlcﬁheymdDm@cp%(bph@@@éredﬁw&ﬁﬁ 121 -
123 such as nmss storage devices, keyboard, nouse, graphic adapters, and

mul ti medi a dd&pbat shouldie tptedthabarnammter of memory modulgneamamsed. subsyst em

114 may be i r at on_a... singl e, chi [ 1]4-kh Y, SU stem 114
i ncl udes a r‘gégsﬁy co erpg‘frfﬂe"iy ﬁ%ﬂ \%ﬁ%eﬁqlzg _Olggﬁ’pll'%dﬁ? g&g‘g B1 lﬁ?’a??%lyhb menory
modul es 125,coilpl thd meoi) ro@lles 1259126 toohiameniote Sorkfller 13488k khd@a as #h20a,

129b, 130b, 129c and 130c. The plurality of data signal lines 129, 129a,
129b, 129c areneydys hg3-t Hee memerybusddsmeay kave additigpal signal bassorychgul es - 8-

00321613, DO MQO005, FETLUSIR! 385 Tdcc 185, RS, 10 nEXSHARAE) P! 2 DATA

Addr esses are signal éd over ‘a p ress sign i nes 132,
cl ock si gnalsimglidityarBaciapghinadhfarensorg ldeciked 136e- 133 136Rd 39'cpamanglthe CVD ar e

signaled over a pluraljty of command signal |ines 134. The nenory nodul es
125, 126 iné’ll?m%fyé’uﬁﬁli‘ééﬂ' V“&Faﬁ%ﬂw Oy fiEnerslly. singlg sidg emary139' and a

register 141,44k such@sRRUnkY Alubtrafe@ G FIE M ENntAR Uishif1d B8k of Adthory: 36" - 139’
may be a hi gh speed synchronous nenory device. Al though only two nenory

modul es 125 Hovpsegridubls swledl ateatbry intpdales lconteiningtyo-rankoy meB@y-may30s ar e
Egongegh F%%ngi it should be noted that any nunber of nenory nodul es can

[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 across the registers 141, 141' of the memory

modules 125, 126, respectively, to a terminator 148. The command, address, and

clock signal lines 134, 132, 133, respectively, are directly coupled to the registers 141,

141' of the memory modules 125, 126, respectively. The registers 141, 141" buffer

those signals before they are distributed to the memory devices 136 — 139, 136' - 139’

of the memory modules 125, 126, respectively.

[0040] 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.

00321613.D0C



[0038] The plurality of signal lines 129 - 129c, 130 -130c, 132, 133, 134
which couple the nenory nodul es 125, 126 to the nenory controller 124 are
known as wbes/osweory bus 143. The nenory bus 143 may havepaddisvz/sssal si gnal
lines which are well known in the art, for exanple chip select |ines,
which are not illustrated for sinplicity. Each columm of nenory devices
136 - 139, 136' - 139' spanning the nenory bus 143 is known as a rank of
menory. General | yYWhaiiswdimedisde menory nodul es, such as the ones
illustrated in FIG 4, contain a single rank of menory. However, double

si ded nmenory nodul es containing two ranks of nmenory may also be used.

[ 0039] Read data lis out pemoryaieiied, c9meynysighr oni zed to the cl ock signal CLK

which 1is drivenaalﬁm_I §?g§y5g£ (yygﬁhqhgck signal lines, 130, 130a, 130b,

130c. Wite data I's erla y  synchroni zed to the clock signal CLK
which is driven amnﬁs&ﬂﬂhewpﬂmmaﬂmgyﬁ@ﬁwnwnwkOEmgdqhmﬁmgeﬁmr80m1mBﬂaﬂ 130D,

130c by the gg&gg ant.r qgggﬁ ds and addresses are al so cl ocked
using the cloc %aﬁa méﬁéﬁﬁﬁﬂ&ﬁlesco rivén by the nenory controller 124
across the regi staglesode4irguitirdsponsife to b Erstpartioryof addrdsslinferniapisn fot Rentifying an
respectivel Y grte% c?e'égﬂerlﬁ‘slg{ fuljtﬁeg resg(;}fs‘lvg IR (ﬁi’y p%xq(% %? e a(‘f’(ﬂgﬁin%rgﬁgons I gnal

lines 134, T respective re direct coup to the registers
141, 141 dﬁnﬁh@ﬁnmnunydmndules 125, 126, respectlvely The regi sters 141,

141" buffer tho}% %ggg%éq%ixgcg{ BF%PE&ﬁ 1e%£t%n9b1§5fth?%&d§e§% ?t%gﬁﬁﬁmy

devi ces 136 e nenor

respectively. [Oeﬁﬁwmvﬁxbmnmmﬁmpmesaﬁﬂaﬁﬁv3mﬁu@mwhas been described in
conjunction with preferred enbodi nents thereof, those of ordinary skill in
the art will recognize that many nodifications and variations are

possi bl e. Such nddi fi daeimsnoryaefdlainal ivkticorssid stqiehcepgitchit pompresesespe of t he
present inv hislimted only by the followwng clains. -9-
00321613. D%ga‘{ﬁ%&bg%goego PCT/ US02/ 38572 \hat is claimed is: 1. A menory
device, conprising: a plurality of arrays of menory cells; and peripheral

devi ces for r ead'3ng ' nlfh%'hwol'yocﬂ”cﬁ% ZQBdlﬁ‘&gll;/ QJmMslnglaWué QEQJng@tclraﬂ into

sai d
responsive to said address sequencer.

4. The memory of claim 1 wherein said address sequencer routes at least two of

the CAO0, CA1l and CA2 column address bats.

5. The memory of claim 1 wherein said decode circuit is responsive to column
address bits CA3 through CAi for identifying an address, and is responsive to at least one of
column address bits CAQ to CA2 for identifying an order.

6. The memory of claim 1 wherein said memory device includes a 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:

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 the order in which portions of said word are read;

an address sequencer for routing at least one bit of the address information; and
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menory cells, said peripheral devices conprising: a decode circuit
responsive to a first portion of address information for identifying an
addr ess, weaiodosigewde circuit further responsive to a secomdTasnt/sssm of the
address information for identifying an order; an address sequencer for
routing at |east Qpg PidenQf fdr BRIcASIIIRSSeivBd Q&mla gmrahém arrdysSE FESIRGEl
circuit response to said address sequencer. 2. The nerpory of claim1l
wher ei n sai d2idaddresscequeRsey-cui t conprises a read sequencer circuit. 3. The
menory of claim2 additionally conprising a wite sequencer circuit
responsive to said address sequencer. 4. The nenory of claiml| wherein said
addr ess sequencerd. r outkhs memopefsiaim favherein spiaddrags sequanceninytesaieastigph

addr ess bi t §pe A0, ¥ MBERADoRInGH@Eblis Wher ei n sai d decode circuit is
responsive to colurm address bits CA3 through CAi for identifying an
address, and is responsive to at |east one of colum address bits CAOto

CA2 for identifyigg a"rh@'}rﬁﬁ{o cﬁclaﬂ?@vJH%JEH{sﬁldchfecdala@fréUltlls%ﬁoﬁﬁb&o%@l‘u&n”ﬁmry
devi ce includes a DRAM 2' device, conprising: a plurality of

arrays of neddiess biteCA3 thratrah Ghi pfvrudeallnfytngg the WpEHe phisac pndiis yese@nsIVE Y at j@gidi ng

I nformation Quks &ﬁuﬁﬂﬂdiegbleef@&ol h @Azlf&fl%ﬂgmgqne btrn SAlcH phRPRY of ss€l | S,
sai d peripheral devices conprising: a decode circuit responsive to a first
portion of audassrafeighéd.mati on for identifying a word to be read, said
decode circuit further responsive to a second portion of the address
information for identifying the order in which gortlons of said word are
read; an address $equelhesrempprofichsim P pdergin pidaysard §meeteched it n-bih Bytesatiess s
|nfornatlonmlgggdtohqm500321613 DOC WO 03/ 050690 PCT/ US02/ 38572 a read
sequencer for ordering bits received fromsaid plurality of arrays in
response to said address sequencer. 8. The menory of claim7 wherein said
address sequenceryjr outgg nﬁtfnol')ﬁ&%talrﬁ W dAfionall onfphSng GArit@RGudabed cedliumm
address bits. 9. The nenory of claim 7 wherein salé decode circuit is
responsi ve tresPERfivgri;said address sequencer.

12. The memory of claim 7 wherein said memory device includes a 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

peripheral devices for reading information out of and for writing information into said
memory cells, said peripheral devices comprising:

a decode circuit responsive to a first portion of address information for identifying an
address, said decode circuit further responsive to a second portion of the address information
for identifying an order;

an address sequencer for routing at least one bit of the address information; and

a sequencer circuit response to said address sequencer.

14. The system of claim 13 wherein said sequencer circuit comprises a read
sequencer circuit.
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address bits CA3 through CAI for identifying the word to be read, and is
responsive to at |l east one of colum address bits CAO to CA2 for

i denti f yiwg oBlsoear der i n which portions of said word areppmafset/stserd. 10.
The nenory of claim9 wherein said word is prefetched in n-bit bytes where
nis equal to 4-bits. 11. The nmenory of claim 7 additionally conprising a
wite sequencer circuit responsive to said address sequencer. 12. The
menory of cl ai m 7ASwher@esystca of chand A pddjeerabecomprising @ svride PRANNLer cikgiit A

system connggghggt RiPIRRESQhenc@, MeNOry control ler responsive to said
processor; irst bus interconnecting said processor and said nenory

controller; a plurality of menory devices; and a second bus for

i nter connecting sgi d glgu@@rsveﬁmﬁamhh%eéma %airesg's&{ g#aer%ufazat ¥ of

devi ces, each nenory device conprising ura Ity arrays of menory
cell's; and ﬁb?@@%éﬁﬂhmdéVﬂGe@nm@dmﬁﬁédﬁng |nfornat|on out of and for
wwiting information into said nenory cells, said peripheral devices
conprising: a decode circuit responsive to a first portion of address
information for ildentithyisystenuef cloadd edereinsaiddleehde oidkwitas responsive tacolhven

responsive t,Qg4a é%ﬁg end t}HQJgth'(Qﬂ thrhﬁ&ﬁ?% ﬁﬁi?es BiPE P&é}én%ge td aQ eabt@G0L¢ T ¥i NG

an order; an address sequencer ng at east o the address
infornationPOWHQad@€§éﬁﬂ6ﬁ@éICé2ﬁnuknﬂhésponsbrto sai d address sequencer.
14. The system of claim 13 wherein said sequencer circuit conprises a read
sequencer circuit. -11- 00321613. DOC WD 03/ 050690 PCT/ US02/38572 15. The
system of cl ai m 14. addibe pysieal ofyelagm ip mhstemgaid plurdliteofgeampen devices includésta
responsi ve t BRlgess sequencer. 16. The system of claim 13 wherein
sai d addresgmggg%g%cer routes at least two of the CAO, CAl and CA2 col umm
address bits.

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 plurality of peripheral devices for reading information out of and for writing
information into said memory cells, said peripheral devices comprising:

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 the order in which portions of said word are read;

an address sequencer for routing at least one bit of the address information; and

a read sequencer for ordering bits received from said plurality of arrays in response to

said address sequencer.

20. The system of claim 19 wherein said address sequencer routes at least two of

the CAO, CA1 and CA2 column address bits.

21. The system of claim 19 wherein said decode circuit is responsive to column

address bits CA3 through CAL for identifying the word to be read, and is responsive to at least

-12-
00321613.DOC



17. The system of claim 13 wherein said decode circuit is responsive to
colum address bits CA3 through CAIl for identifying an address, and is
responsi We0Otoa/0stt69¢ east one of col unm address bits CAO t o PCAAISHDIB8572
identifying an order. 18. The system of claim 13 wherein said plurality of
menory devic I [ %M% ising: a
processor; aogl?}é)rrgoﬁl%/dﬂg%ﬁre?so? F dm)ratggo%énfg lse o % th;?irde'fgg‘ézcégg}mgsom St bus

i nt erconnectwrga@amrdetfmécessor and said nmenory controller; a plurality of
menory devi ces; and a second bus for interconnecting said nenory controller
and said plurality of nmenory devices, each nenory device conprising: a
plurality of arrags ofThespaenyoloddiing] veharginesapl wordiisiprefetcifed prem-biphgrsavhedevi ces
for readi ngl“gf JBLLgR out of and for witing information into said
menory cells, i°d perlpheral devi ces conprising: a decode circuit
responsive to a flrst portion of address information for identifying a
word to be read, said on Y d portion
of the address |2r?13fornjg}% fgg&%gmaq ta?#iy%r%gglf{ﬁ% Se ge\?%e%cﬁ%%%?h ons of
sai d word arresmw@,tomndatdchsesgu@equencer for routi ng at | east one bit of
the address information; and a read sequencer for ordering bits received
fromsaid plurality of arrays in response to said address sequencer. 20.
The system of cl &@4m 19hakpstan of daind 9addreassidseneenplerlityad mesiontdebigesst t wo
of the CAQ,; gﬁl gg 96,20 SR AN address bits. 21. The systemof claim19
wherein sald eco circuit I1s responsive to columm address bits CA3
through CAi for identifying the word to be read, and is responsive to at

| east -12- 00321813. Qg&g;%gg% PCT/ US02/ 38572 one of col um address
bits CAOto CA2 for i entl t order in which portions of the word
are prefetched. 2Z®tpufFhe alsy@ttmbm teb d2mb12 prefetarstepsm fremiaghlwditylof eemmref et ched

in n-bit byta?r%ysym%ssonsptoiaﬁ 28Rt © 4-bits.

26. The method of claim 25 additionally comprising the step of reordering the

bits of each 1/2n bit prefetch in response to other address bits.

27. The method of claim 26 wherein said address bit and said other address bits

include any of the least significant column address bits.

28. The method of claim 25 additionally comprising the step of writing an n-bit

word into one of the plurality of memory arrays in response to said address bit.

29. A method, comprising:
prefetching a first portion of a word from a memory array; and
prefetching a second portion of said word from said memory array, said first and

second portions being determined by an address bit.

30. The method of claim 29 additionally comprising the step of reordering the

bits of each of said first and second portions in response to other address bits.

31. The method of claim 30 wherein said address bit and said other address bits
include any one of the column address bits CAO to CA2.
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23. The systemof claim 19 additionally conprising a wite sequencer
circuit responsive to said address sequencer. 24. The system of claim 19
wherei n swodsnswery plurality of nenory devices includespataisaz/adsity of
DRAMs. 25. A nethod, conprising: outputting an n-bit word in two 1/2n bit
prefetch steps fr a it - - r | - n.address
Bit. 26, The met had of Sitassto R r Ry bl lnt SPRAIARE S B
reordering twed i the memoweartay iy r2spobsetto pridddsrashbii.n r esponse to ot her address
bits. 27. The nmethod of claim26 wherein said address bit and said other
address bits include any of the |least significant colum address bits. 28.
The met hod of cl ai3m 25A adthod.icomati$igg:conpri sing the step of witing an n-bit
word into one of j - [ i ¢ address
Bt 20, A mat hod b ik fimdfy hlin ANERY Suol PertBFRRATSS OnBlie 10003
menory ar r ayordeniofisapd préletch hpangjioas seowrediedly ani addressfbitsai d word from sai d
menory array, said first and second portions being determ ned by an
address bit. 30. The nethod of claim29 additionally conprising the step of
reordering the bits of each of said first and second portions in response
to other address bits. 31. The nethod of claim 30 wherein said address bit
and said other address bits include any one of the colum address bits CAO
to CA2. -13- 00321613. DOC WD 03/ 050690 PCT/ US02/38572 32. The nethod of
claim?29 additionally conprising the step of witing an n-bit word into
the nenory array in response to said address bit. 33. A nethod, conprising:
reading a word froma nenory array in at |east two prefetch operations,
wherein the order of said prefetch operations is controlled by an address
bit. -14- 00321613. DCC
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