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i nventi on nehaieBed0 Menory devi ces, and nore particul arly tpCauUSomsesy y
devi ce data path and nethod that can operate in either. a high-speed, narrow
data bus node or a | ow speed, wi-de data bus node BACKGROUND OF THE | NVENTI ON
Menory devices, such as dynam c. random access nenories ("DRAMs"), have a
vari ety of perfornmance paraneters. One of the nost inportant of 10 these
performance paraneters is the speed at which nenory devices are able .to read
and write data. MEMEREDENICEND WMEEVODSSAVANG IMET AP ATERIIRY MUBTIMLE: | ng

data at a higher speed, kno ry devices, are nore
expensi ve. Conversely, W@&ﬁéﬁ@ﬁgﬁ?@ﬁg‘;pabl e -of accessing .
data at a slower rate, knovvn as | ow performance nenory devi ces, nust be -

sold at a cheap rice. In an 15 attenpt to increase the operating speed of
menory devi ceﬁ'ﬂcéiﬁ‘ﬁﬁ%lﬂﬁﬂa ("DDR') rate DRAMs have been developed:~ DDR :

cycl o- Cone. o each- 1 antit PBRIRY Bss Tl el SR, ARERSY kP B, pRRS R Boniy

the menory scekdemory dévise &t paieahd eRtHoANSGathévi diratdhdr StbPa hih-4pad, adas s S ar e
read each clock cycle. 20 Another performance parameter applicable to menory

devi ces is th&2aRirymRder alow-speedpyide detitie mpdgat a bus. Wder data buses
operating at a given speed have a higher bandwidth, i.e., a greater nunber
of bits/second can be accessed. The data.bus of npbst nenory devices, such
as DRAMs, gen@®@7lKGROBWSD @F THEIINVENMEN ous powers of 2, i.e., 4, 8, 16,
etc. bits. 25 The need to E%’O\a/d de nmenory devices .having. different

performance par anet er sMG® qVIFeH e GUFR €S nEMFRIC dEMIRE ndfiTEFacPPEIeE to
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menory devi ce manufacturers nus :
) .10 these performance parameters is the speed at which memory devices are able fo read
‘and write data. Generally, memory devices capable of reading and writing data at a
highcr speed, known as high performance merﬁofy devices are more expensive
Conversely, memory devices that are only capable of accessing data at a slower Tate,
known as low performance memory devices, must be sold at a cheaper price. In an
15 atiempt to increase the operating speed of memory devices, double data (“"DDR”) rate
DRAMs have been developed. DDR DRAMs are synchronous DRAMs that perform
two memory operations each clock cycle-——one on each transition of each clock pulse.
In a typical DDR DRAM, the memory cells in two adjzcent colurmns having .the.same
column address are read each clock cycle.
R 20 Another performance parameter apphcable to memory devices is the
| width of the memory device’s data bus. Wider data buses operating at a given speed
have a higher bandwidth, i.e., a greater number of bits/second can be accessed. The
 data bus of most memory devices, such as DRAMS, genera-ﬂy have a width of various
powers of 2, i.e., 4, §, 16, etc. bits.
25 ’ The need to provide memofy devices having different perfonﬁance
parameters generally requires memory device manufacturers to design and manufacture

a wide va‘n'ety of memory devices. For example, memory device manufacturers must
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design..and--fabricate_rel atively expensive nenory devices that are _ _ HGUS
capabl e-of operating-- WD 021078002 2 11 OCT 20 PCT/ US02/ 080S0 at 1d ¢

hi gh- speed vand2dtdofierent, rel atively i nexpensive nenory devi qesrtsatseEne
only capable of operating at a relatively | owspeed. Unfortunately, it is
expensive to design each nenory device angl the processing needed to
fabricate the menory device. The expense 0f designing and fabricating a
variety of different nenory devices having 5 different perfornmance
paranmeters is exacerbated by the rapi d obsol escence of nmenory devices- as -
newer devices aaraehigh{sp&duwddﬁferm eletivelly dastpengiat memﬁi]eﬂeviicss thla‘eaef e a

need for nenory % such a abl e of operat) n as
ei t her hi gh- sﬁ’@B‘%’?@ ?fg ReBREAt & T G%V%Wr?eﬁ‘tv&&fg }éf I BUEXPEPEEO ¢ dat a
bus menory devd,gesenmbd mﬁ% prddEschMEREd S fQ@xtléteaﬂh@ THAHEN ’RVvICE OThé | '

menory array to data bus terminals by transferring 2N bits of parallel dat a
fromthe arraexpemsa ofidesignivg dexdafatividétivi tas varfety phddidrait merberyi ¢evices deongl

node. The p data are transferred fro he,,ar

e o P i SR OuP e P RBRSY b St Rl R R e chSatpscrpas;of TR
paral l el 15 t Q3c5RES AlncheNIRIdEbE i5OAIRE] atshevidisadrab. data bits to
respective bursts of serial data containing NNMbits and apply the bursts

to 2M data bus tenri nal Iheig i3 ﬁ@rﬁquegatneeﬁré@tenm SRy Igest %imb@ RéMsn@ikiseré n t he
second m)de anbﬁjﬁa ﬂ}%?é’tm% as Cl ns{']fgﬁr ﬁ(ged Lz{rpow %aqg brrg oqugafyeslor% atlg}%rf I st

operating rmde secon abits

the array in r@g@@ﬁ;ﬁde\mtafbdssﬂen&mﬁds\ac@nd read 20 op.eratl ons. Alternatively, -
2N data bits may be transferred fromthe nenory array in a single read
operation. As a result, data may be transferred to Mdata bus termnals at

arelatively @@QA@Q@?QDF ndvghReRf or mance node, or to 2Mdata bus

termnals at a relatively Iow—speed In a |l ow performance node. 25 BRI EF
DESCRI PTI ON OF THE DRAWINGS a2 gureled fremae bieowky direryr imndatk usrennmpldeyi ce
In accordance t\%rfs ergng 2N bits of parallel data from the array in a first mode and N bits of
parallel data in a second mode. The parallel data are transferred from ihe array to
parallel-to-serial converters usiﬁg a bus having a width of N bits. The iﬁarai]e]-
15 to-serial converters convert the parallel data bits to respective bursts of serial data
containing N/M bits and apply _th'e. bursts to ZM data bus terminals in the ﬁfst
mode and M data bus terminals in the second mode. The data may be ransferred -
from the memory array in the first operating mode'byv‘r_ransfcning first and
~.second sets of N data bits from fhe array in respective ﬁrst and second read
20 operations. Altematively, 2N data bits may be transferred from the memory array
in a single read operation. As a result, data may be transferred to M data bus
terminais at a relatively high-speed in a high perfbrmame mode, or to 2M data

bus terminals 2t a relatively low-speed in a low performanée mode.

BRIEF DESCRIPTION OF THE DRAWINGS
25 : Figure 1 is 2 block diagram of a memory device in accordance with one
embodiment of the invention.

Figure 2 is a block dlagram of a memory array used in the memory

_device of Fxgure 1.



.one of several nenory sub-arrays used in
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enbodi trent of the inventi-on_. Fi gure 2 is a bl ock d| agram of a rrermry [EE%GUE'

~used in the menory device-of Figure 1. WD 02/078002 3-1°7 O C f 200

PCTf USa2/ 08QbG2krsmur e 3 is a bl ock di agram of one of sever al pOpwBo08830r 2y
mats used in the nenory array of Figure 2. Figure 4 is a block diagram of
~the menoryy.. array mat.of Figure
3. 5 Figure 5is a block diagramof a port5| on of a data path used in the
menory device of Figure 1. Figure 6 is a logic and block diagram of one of
several parallel-to-serial converters used in the portion of a data path
shown in Figure 5. Fi gufigwe 3 is adldekolidgrah afjoremfotvesal cemonyt araysyals vsedusi ng
the menory 1Q device of Figure 1. DETAILED DESCRI PTION OF THE.I NVENTION . A
nmenory devi ce’ eﬁ“%%?ﬁ%ﬁ#ﬁﬁﬁ“?ﬂ one enbodi nent of the invention is-
ilTustrated in Figure Ilpglhe SRMMdk @Y Of bid diSbvcdi9bniode Bift-BralyS ud in
synchronous dynam c ran(%om access nmenory ("SDRAM') 10, although the

i nvention canﬁmnm%dﬁeﬂmahofﬁmther types of DRAMs, such .as packeti zed -

'gﬁﬁegndsgg\wgf EFQ{\/FCF%ndO% A é‘i}‘s lagrrerr?o?ﬁ eé’oﬁ}ngéfl\/atsﬁ%SSplaﬁIeH%Wio

i ncl udes an adfthRspdhegiFrgmrdP that receives either a row address or a
col um address on an address bus 14. The address bus 14 is geperally
coupled to a menory contigeiel &is alagic 2 slerk divermyth @ezf sevpral Pi’llﬁu‘ééﬁs?mla r ow

address is '”!c{,&\%h}% ug%ﬁgﬁee%@% M4 ﬁ?&%wﬁ%gi? £ 12 and applied to a

row address tiplexer row a ss nmultiplexér 18 couples the row
address to a nunber of Engmoﬁemhﬂ:lmﬁsmegrameﬂa/wdﬂmmndyﬂmcﬁsingvmhe mengyy .
banks 20, § ge @nd Fon the state of a bank address bit form ng part - of
the row adfre ’s"‘*%‘é I—:‘i"ﬁ ed with each of the nenory banks.20, 22 is a

DETAILED DESCRIPTION OF THE INVENTION

A memory device in accordance with one embodiment of the invention is

iNustrated in Figure 1. The memory device illustrated therein is a synchronous dynamic
random access memory (“SDRAM”) 10, although the invention can be embodied in
15  other types of DRAMs, such as packetized DRAMs: and RAMBUS DRAMs
' (RDRAMS™), as well as other types of memory devices, such as static random acecess
memorics ("SRAMs”).  The SDRAM 10 includes an address register 12 that
receives cither a row address or a column address on an address bus 14. The
address bus 14 is generally coupled to a rnentofy controller (not shown in Figure
20 1). Typically, a row address is initially received by the address register 12 and
‘applied to 2 row address multiplexer 18. The row address multiplexer 18 couples
the row address 1o a nutnber of components associated with either of two
memory banks 20, 22 depending upon the siate of a bank address bit forming part
of the row address. Associated with each of the memory banks 20, 22 is a
25 res;ﬁecti've row address latch 26 .whi_ch stores the row address, and a row decoder
28 which applies various signals to its respective afray 20 or 22 as a function of
the stored row address. The row address multipleﬁer 18 also couples row

addresses to the row address latches 26 for the purpose of refreshing the memory
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25 respective row address |latch 26 which stores the row address, .and a row
decoder 28 which applies: various signals to its respective array 2071dr§c2200%
“as a funct g oDrgedzne stored row address. The row address muidu/pseersols

al so couples. row addresses to the row address | atches 26 for the purpose
of refreshing the nenory WB 02/078002 4 17 C T 2005 PCTI US02108050 cells
in the arrays 20, 22. The row addresses are generated for refresh purposes
by a refresh counter 30, which is controlled by a refresh controller 32.
After the row address has been applied to the address register 12 . -and
stored in onecals inlike rowyaddr 235 sThatchadir@Ges are gaharated dddrefeshiparpsps i ed to

the address register 12. The address regi,ster 12.caupl es .t he,col unm address
to a colum ggaF@@?hFQPEWfgegwgﬁﬁéﬂawﬁghﬁigfﬁéeﬁﬁg}@Fﬁﬁﬂkﬁ§&e of the SDRAM
10, the col umm addr essafigr Bt G adRbR/1RE bteeﬁ%?ne@_t@taﬁérad&&smf@ﬁswizo a
colum address buffer 44, or to the burst counter 42 which applies_ a

sequence of cendigieredaiidors e thetrowt #rsiress latahesaddlr @ selupyt pddresmisgpplied #y at

h I d by t he ;add ' , ' , th
col umm addresSORTar b dreASRl Rt PRl O ool PR bR 6 s

whi ch appl i es cyaninoaRiréisgaehsi0t MePeasing Gl the opensiganplié bif giesSPRANMEgCI at ed
colurrin circuitry 50, 52 for the respective arrays 20, 22. Data to be read
from one of tHE edlpmpsadiessois qidier goled thrgugha bukst copnien 42 ocaicorymo, 52
for one of th ' ' 3 a.ls !
t hrough a reagd(gﬁsgylgg%%%ég%oo{hg%ﬁgﬁtgb'}gﬁ%ﬁ Wr%g‘. elfes%s,e b |cﬁ%§gjﬁ es the
data to a dat adbusse580 théatauing dddross btiffend4 etapirep af thehelamnaddre2 ouiti s

Coupl e 1A L0 SoLR. 2 2B 1 Ua 2 a8 LI SRS, B0 and e e
of the arrays cgRng0 addess "t6SRESIIME! SecoderBE Kwhed %b?ﬁe@‘ba?i%ﬁs Regasedot 0
selectively alter the flow of data into and out of "the columm circuitry 50,
52, such as byespedtbet benskyampbifiem gandd assacitedoeohwanl dircvmiry hi), av% dys tke, 22.
The above- des%sipleo&g/eo earﬁ_tzb,o&-of the SDRAM 10 is control I_epl by a
Data to be read from one of the arrays 20, 22 is coupled to the
- 15 column circuitry 50, 52 for one of the arrays 20, 22, respectively.. The data is
then coupled through a read data‘path 54 to a data output fé;o;ié,ter 56, which
applics the data to a data bus 58. Data to be written to one of the arrays 20, 22 is
coupled from the data bus 58 tﬁrough .a data input register 60 and a write data
path 62 to the column circuitry 50, 52 where it is transferred to one of the arrays
20 20, 22, respectively. A mask register 64 may be used to sclectively alter the flow
of data into and out of the column circuitry 50, 52, such as by selectively masking
data to be read from the arrays 20,.22.
The above-described operation of the SDRAM 10 is confrolled by a
command decoder 68 responsive to command signals received on a control bus
25 70. These high level command signals, which are typically generated by a
memory controller (not shown iﬁ Figure 1),.are a clock enable signal CKE*, a
clock signal CLK, a chip select signal CS¥, a write enable signal WE*, a row
address strobe signal RAS*, and a column address strobe signal CAS*, which the
“*” designating the signal as active low. Various combinations of these signals

30 are registered as respective commands, such. as a read command or a write



command decoder 68 responsive to command signals received on a contraol b ﬁ
25 70. These high 1evel command signals, which are typically generaﬁébggt @ _
menory conty@hd@kodznot shown in Figure 1), are a cl ock enablecyugmadsesiKE*, a
clock signal CLK, a chip select signal CS*, a wite enable signal WE*, a row
address strobe signal RAS*, and a colum address strobe signal CAS*, which

t he designating the signal as active |low. Various conbinations of these
signals 30 are registered as respective commands, such as a read comand or
awite W) 02/078002 1 VUI 2 S PcTIUSOQ2/ 08050 command. The conmand
decoder 68 genepmmanda The cemomndf devoder 68 gsingraddssa sequspon sifvesnirel sigmals

‘conmand signals to.carry.out the function (e.g. ead or i _

desi gnated by EEER"B® tt%éﬁ)ec e ‘r?(r]ldssilglﬁaﬁ o %ﬁgsdéltglé%mnc g %f%rs,rgg%gr % he
nmanner in whi chvritbpfestgmaaiy edthtdiehe corsnma!diMeld UTedse WosnmaiEsignals, and
conventional. 5 Therefare, in the interest of breyi t%l.,a a further explanation
of these cont r #he BrpRIB Whigh thepacenmplishithey mespeaig BEROR ATF CURVERERRH he

colum circujtr 52. : Qut i D6 i nore
ai s of corbl {Mertars B &8 ihigfesl B Brevi £ irglcr tplaibidiPol e CiiRrdtafrals 1)

t hat coupl e datvalifteammizedense anplifier (not 10 shown) for each colum in
each array 20, 22, respegctively, The s e applifier .in the colu
circuitry 50, 52 for an F"@é‘s‘?ﬁa E%ﬁhtﬁﬁ%’c&pe\fé’g%ﬁﬁww;%rﬁ t_ogﬂﬁﬁlﬁ?as
froma pair of oggfmlﬂegﬁf&%/m@eg i85 mdrRepaiftl 8F ohdpli®fen®dr, inpBydutpht
coupled to a pair of _‘f’he conplinmentary I/O linhes by columm .addressing
circuitry. EadfW/Q3} linest(nay shommiasFigeresh that conpla/date foned stiysempliffer gnot

conplinmentayy data lines ;15 to the ¢ Li t inputs of,a DC sense
amplitior (Kot Sﬁ%ﬂ“‘”ﬁ % 5 M.W'?%E‘@W@%d%’ Yespararedy "Ti 2 SR e
anptifier, in tinrie colubUdifouttey 801 92 ttheanl all@resdt ldmb @it cdfiplinabitaty i s
coupled to output or "DQ'.termnals of the nmenory device 10. As expl ai ned
in detail bel owgnaleroprRADET0ReQBPHMSEtary dagik lingsrh ddiendigit 1gtestaie: IRt on
includes 16 DQ 46512178 aSya; NG Iy ﬁﬁ]m‘ eSPeed-aRgs and
16 of which ar é;touglgg ?%ﬁaﬁﬁfﬂg’&%@@é‘%ﬁo@?ﬁgﬁﬁsgg&t e D%ﬂ?er'rﬁ nal s:ﬁi?
coupl ed seri al EmhgpatrefdO inemistshlechRANIcaOplied bywr sisofofongslirhéntary data lines

15 to the complhncntéry inputs of a DC sense amplifier (not shown) included in the

read data path 54. The DC sense amplifier, in tum, outputs data fo the data
output register 56, which is coupled to output or “DQ” terminals of the memory
device 10. As explaincd in detail below, the SDRAM 10 according to one
embodiment of the invention includes 16 DQ terminals, 8§ of which are used in
20 the high—speéd mode and 16 of which are used in the }ow speed mode. Each of
‘the DQ terminals coupled serial data to or from the DRAM 10 in bursts of 8 bits.

i - ' One of the memory arrays 20 is illustrated in Figure 2. The memory
array 20 includes 8 memory array “mats” 100a-h divided into 4 banks, which are
labeled in Figure 2 at B0-B3. However, it will be understood that the memory array

25 mats 100a-h may be arranged in a greater or lesser number of banks, and the memory
array 20 may cqntain: a greater or lesser number of memory array mats 100. The read
. data path 54 Figure 1) includes a first Illeus 104 having 32 pairs of complimentary IO
lines coupled to the memory array mais IOOa,b,c,ﬂ and a second VO bus 106 having 32

~ pairs of complimentary YO lines coupled to the memory array mats 100c¢,d,gh.



One. of the menory arrays 20 is illustrated in Figure 2_ The nenory array 20
cincludes 8 nenory array "mats" 100a-h divided into 4.banks, which areg 7 oy 008
| abel ed i’\v@oﬂ}d‘is@o?—- at B0-B3. However, it will be understoogdcihmbadseg nmenory
array 25 mats 100a-h may be arranged in a greater or |esser nunber of -
banks, and the nenory array 20 may contain a greater or |esser nunber of
menory array mats 100. The read data paéh 54 Figure 1) includes a first 1/0
bus 104 having 32 pairs of conplinentary 1/0 I|ines coupled to the nenory
array mats 100a, b,e,f, and a second 1/0 bus 106 having 32 pairs of
conplimentary 1/0 |i ne®newfpthedndrory hardyenatsy 160 nasd imtle meMordagah20 WO

02/ 078002 1 7 CCI, 2005 PCT US02/ 08050 One of, the nenmpry array nmats 100

used in the ASPEHYE it prgopbrdipet of thengvendon e ivsbaet mefiewss. (HE 24 8Ation is - -

illustrated o HeQYEE o3y i A BEES: AR61 65U AR 8%F tedRendd anged
in 16 col urms&anggig ?%\A?sry}%g@%%gﬁgl 1rr?cter(r?nry agrrla%t ssrlo%)'alléncgﬁdes 16 rS(éol um
| i nes 114, .eascis 660 wivlhales 1dhehmmbindsvildedach efivbirhs whixe aGiverdy sdgebndizng

colum. The nenor t 100 al so includes ar.ge ‘number of row.lines not
Chown) . i CHTeRRAT el pa; i meBpatne. 10 A BRHE TRt RGBS | ays
110. A set 65& sflodh), RhlidiORBenl £8vhied RRRLE ORGSR ARNRA B RAGH-#AYTTY. OA the
menory mat -100. When a row line is activated, 4 bits of data are coupled

from t he mensetyointilin@ops rlddnis pesitirned |hgneatls ehabicedumbyyof dast ngaioingrak 100.

Counr et 1 oW fonfind't derivilss, 4'58 S5l onl B ad okort e TRt ok T 455
through a resp@cddivn chlgitéd by Raviig akddetthatcoliitl HAEH 44 The At BEdtary di git
|ines. Thus, % hcn S columm lines 114 are activated, 32 bits of data are

stored i n® saghscaymp preropplgh omdhy mempsharhiPlite arpwests st fireflenstiZfat ed
columm 1|ines ' i 0 E X f RE ar g 1@+ j.ncl udes
256k nmenory l%&%heﬁ?&?ﬁ\g? d%ﬂé‘%)%l%rﬁrzgﬂ# agtéﬁ&?%e%ﬁﬁcﬁ&éﬁ%ﬁfg@{%% gl.lég\/ﬁgkga row
of the menor yiah Sk@Qurs linescllid\uad edivated, 3 Wl afniatal dreetokd 4n B sets ef otfaps 4

conplimentary digit lines 130 in 4. re ctiye colums of the sub-array 110
are coupl ed 8% ’@%’B%E’t‘l?‘v&esf’qcf‘lﬁqﬁclt‘éiﬁgsE‘gbr.m}f"ﬁgs ¥rip-flops 120, in turn,

~drive respective conpl iATRREGH ¥ TRAIES, Qoh%f%ﬂe'shﬂaﬁaﬂs{lﬁo'ﬁhdmdesQﬁcﬂ{ﬁéﬂ]&g- 8
col umms of each nenory mat 100 are activated at a tine, so that the sub 20

arrays 111 i gcks inesghenn) geanged invews sideaignesa chbena pout ofghenemmorgfnag 8@Gis Each
memory activated and a column line 114 is selected, 4 compfimentary digit lines 130 in ‘4
respective columns of the sub-array 110 are coupled to 4 reSpeétive thp-flops 120. The
ﬂip-ﬂbps 120, in wrn, drive respective complimentary pairs of /O lines 140. In
operation, § columns of each memory mat 100 are activated at a time, so that the 8 sub-
20 arrays 110 in 8 respective active columns each output 4 bits of data. Each memory
array mat 100 thus provides 32 bits of data, which are fem]ﬁorari]y stored in the flip- |
- flops 120. Since two memory array mats 100 are used for each bank, each bank B0O-B3
* outputs 64 bits of dafa. In operation; the 4 data bits coupled from each sub-array 110
are prefetched and stored in the flip-flops 120 for subsequent ._coupling to the DQ
25  terminals (Figure 1), as explained 1n greater detail below. '

The data bits are transferred from the ﬂip-ﬂops_ 120 in either of two
modes, depending on whether the memory device 10 is operating in either the high- -
speed mode or the ]ow—épeed mode. '.In the high-speed mode, 8§ bits of data stored in
respective flip-flops 120 are transferred senally to é-res'pecﬁve'data bus. (DQ) terminal.

.. 30  The manner in which the parallel data stored in the {lip-ilips 129 are converted to serial



array mat 100 thus provides 32 bits of data, which are tenporarily stored in
the flip- flops 120. Since. two menory array mats 100 are used for eaph (GRAKD
each bank BPeB267880rputs 64 bits of data. In operation, the RCHASAZAH050s
coupl ed fromeach sub-array 110 are prefetched and stored in the flip-flops
120 for subsequent coupling to the DQ 25 terminals (Figure 1), as explai ned
in greater detail below The data bits are transferred fromthe flip-flops
120 in either of two nDdes depending on whether the nenory device 10 is

operating in elther ee r the | eed, node.. . the

hi gh- speed modd&2agifi gﬁgﬁﬂt@&s’f’ $%191g?f8§§é‘8$ §%1‘cie%ber? PEpE b1 lb%gorg
transferred segj ?As*zé&tﬁv@ﬂﬁ) -118 ?Zi)tfo_}/%a&%é}n&y% ?@at 160, tha ) bué’:ﬁem@m&ﬂner
i n-which the paral data stored in the flip s 120 are convertedto

serial WO 02/ P& bustspighhits © eaplCTf Hae@n/t@semnw@tra ﬂm hightspeedypodai Fde 34 t h

reference to F| 5 and,6. [ hi t|ve
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serial burst3 aérd taistsoft ® baaed esvh of 4aita bbutkernbBali N&d § résalt] ehdhigh-sseded
node. The 32 bits stored in. _the fllg HOES 120 faor the other nepory array

mat 100 are al SPERPIEGTS FPupleddr senal Burpis o8 bris 1§ ek of § GptabisHersinals. dat a bus
termnals. As aresult, ifklenbalrmpfthe diBAfs shiedinlific AipaR!Pd &Y ol

.serial bursts of 8 bits to eac fa bus termn ow speed
node, the dat a tansfsrrat @rieldly ima tdspedtive }daﬁalbopsl)Q)Zf&namel alswevet, rintisflevspad

serially to ar ective data bus % | ow speed
nmode, the data "EJ?‘{E E‘ﬁldé ta uts e 5‘?’?5@%7%)60133 dg]ﬁ‘tqﬁ‘ ﬁﬁguﬁﬁ'ﬁ#ﬁtaﬁ@mﬁw ROt Shavai ¢ y
(not shown) 140 ihipEEsiE@CiIR thewhéhol/ MR viIEB TP dsRYd B edcfel dataAH BRRGSL B Bitt R&RI Ve
data in bursts of 8 bits from each of the 16 data bus term nals. Thus, in

the'l ow speed raeeo! hols éite bugitegninglguilhes nt e Iavosnsee niode.d2§ bigs arg ragiired tpo
h of 16 dat bj i t
each o _caa acﬁ %S I%L@f%;:’éé fo 8 §z!cﬂ 2215 080 Budebnitdls Phlie %%,ra(%‘?l}nie ﬁg Lf?c%igo{\gs €

of respective ach nenory .array nat _
stored in the chth peebof ﬂ:plsecisaé) ﬂﬁ;eflolbsotjm fﬁﬁéﬁ@h}fna&’({frﬁ}ﬁrﬂ&ﬁﬁt 1000the &7 bitsipplet onl y

hal f of the 15 reguired nunber of data bits. result e | ow gpeed
nmode, two sets 'Bf‘ﬂ‘fﬁzﬂ“ﬁ prs 1aQider Bethpperew @y ’Hﬁ?j lggﬁagcfupﬂytqqg'hlﬁogf ﬁ’fjops '

120 before fhe prpftiched dodaa Bid S ASay gé?.\‘?t 1&@1@9&\@%&9 r%lﬁ: dad ?et@&!ﬁ%tt bits

term nals. The reason this operating e is considered a [ow speed node is
because of the mbapmfumedee@letdreﬂon predhiptiops R24dkbire the ppifeiched\iate ditasan be

coupled to the data bus terminals. The reason this operating mode 1s considered a low-

' specd mode 15 because of the extra time needed to prefetch and/or coupled twice as

m:my data bits from each memory array mat 100 in the low—Speed mode compared to

20 | the hl;,h-spt.ed mode. Therefore, to prefetch 64 bits from each memery array mat 100,

the memory device must perform 2 read operations with each data transfer, which

requires sebstantially more time than a single read operation. However, the bandwidth

of the memo:j' device 10 is somewhat the_ same in both modes. In the high-speed mode,
twice as many memory devices 10 are needed to provide data to the _16 data bus -

25 terminals compared to the low speed mode, .b.ut the data is provided twice as fast.

| To help maintain the operating speed of the memory device in the low;

- speed mode, the memory device ]O'may, mstead of perfoﬁni’ng two read operations to

provide 128 bits of data, simultan.eous.ly activate all 16 columns in each memory array

mat 110. Thus, each memory array mat 110 prefeiches 64 bits (4 bits from cach



- many data bits from each nenory array mat 100 in the Iowspeed node conpar ed
'to 20 the high-speed node. Therefore, to prefetch 64 bits fromeach rfeh®llylilh

array mat @Quuddde memory device nmust perform 2 read oper apCpusoshsy - each
data transfer, which requires substantially nore tinme than a single read

operati on. However, t he bandwi dth of thg merory device 10 i s sonewhat the
sane in both nodes. In the high-speed node, tw ce as many nenory devices 10
are needed to provide data to the .16 data.bus. 25 term nals conpared to
the | ow speed node, but the data is provided twice as fast. To hel p maintai n
t he operati ng:Obmeeduoﬁg edok rezd mpempticie v As @ result 41664 ofjthe M@dphi)%{esmﬁﬁeﬂrrermr y

device 10 na |ntead erformng two_r rQyi de 128

bits of dat ayFl RACUT) eﬂﬁ% a‘&h’f’f’@%&@“ﬁ? fnaﬁgl% tg? "%551 f%’] eg%ﬁheﬁeb%ry array

mat 110. Thus, each MeRDbperMohaY AWl bits Brefii@ee tHdMe adid chluind 48 Bbfe6 ihrom
- each WO 02/ 478002 1 7 OCT 305 PCTI US02/ 08050 col um) during each read

operation. Asegpepiiigflip-flopy 1206 gpuplesethrqueh afeppaive Toir oA A lipes 145 guine 3 are

needed fors eatggl £ TR Y BLch o d"%ld 1%,9(1 Hodaat %f@t%h@ﬁ“ﬁ%ﬁ%%ﬁx%?@&iu&hta%d In

oper ati on, S prefe rom eac um and stored

respecctive fsiorpd il @pmciR0lipNeps mmphmobohﬁe@t}ghzga the spes phiy of Fai kineafl1400.
lines 140 during 5 the first part of each read écle and 4 data bits

prefetched f r%‘r‘f‘F‘&r"hﬁtsﬁ"é’I“d 28t Afacarad Sy s in tasyEtatvelorT-FRece PBES 1250 are
coupl ed through {h&-SabRd l?x@'résg@égrlvg-/é‘?%-at ?201&:9 bot iR Qﬁaf SEanthPaet of

each read cycle. Thus, in thi | ow- speed node, 128 .bits of"-
data stored |crmupleépbrotlgh/é4 fohirp-of Icomslimzﬁlarﬁrdrorimeh fnerm:rhyrmd rca:ryranams 10 are

led t h. 64 f | tary .1/0 read ti
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coupled thro pairs of conplinmentary 110 |lines. As a result, in the
| ow speed nod@mnlweeerYa@ ﬂm¢$y Aine seshittis therest speed wodmIreivetas memy Hatabisdat a

lines during f [}& b%%gg IQCF{hIO gh ?hci éatamlames %mn% af;eoga Eplzefnﬁdr ?ahson Htlp ?Orltéjhno ¢ '

operating mode i's considere e eve ough I oes

require 2 rea;réamp,emwmrt@eﬁaﬁmg ﬁmedsys &cﬁradexe&ellew-siréba Hede@fenithousfiiC Boes
pr ef et c'heij dat a. |t§ are coupl ed between the flip- flops 120 and data bus
“terminals $ or QAU 2 2 1934 ORGEHONY IRy 180 ¥de-shown in Figure 5.

- The marmer in which prefetched data blts are coup}ed between the fiip-
flops 120 and data bus terminals for one of the memory mats 100 is shown in Figure 5.
The circnitry shown in Figure 5 is adapted t_o be used with the first embodiment of the
 low:speed operaﬁng mode in which two Teads are performed for every read operatibn.
20 que\rer, it will be undersrood that the cirenitry can be easily medified for the
alternative embodiment in whic‘rr evefy column of each memory array mat 100 is read
) and t'wi.ce_-as many flip-flops 120 are provided. N
 With reference to Figure 5, the prefetched 32 data bits stored in the
respectwe flip-flops 120 are coupled through 32 respective complimentary pairs of /O
25  lines 140. Eight groups of 4 /O line pairs 140 are coupled to & respective parallel-to-
seﬁal ‘converters 150 so that 4 pairs of VO linies 140 are coupled to each converter 150.
- However, 4 of the converters 150a include only 4 iaairs of input lines, which are-coupled
to 4 pairs of /O lines 140 of a respecﬁve groap. The remaining 4 converters 150b
include 8 input lines, which are coupled to 4 pairs of /O lines 140 of a respective group -

30 and 4 pairs of VO ]ines 140 that are coupled to one of the 4-input converters.150a. .
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| ow speed

The circuitry shown in= Figure.5 is adapted to be used with the first

~enbodi ment of the | ow speed operating node in which two reads are perifiof iiells

for every negdomesati on. - 20 However, it will be under st oodpthaisedsase
circuitry can be easily. nodified for the alternative enbodi nrent in which
every colum of each nenory array mat 10Q;is read and tw ce as many
flip-flops 120 are provided. Wth refererice to Figure 5, the prefetched 32
data. bits stored in the respective flip-flops 120 are coupl ed through 32
respective conplinentary pairs of U0 25 lines 140. Eight groups of 4 1/0
line pairs 140 are couphdbe low-Qeedanpds tibite of aralltledatd aresonpled toocwmolvef ther s 150
so that 4 pai E? of 1/ Oellrgpnﬁs 140, are coupl ed t%' each g“c,)nverter 150.,
However, 4 of ? FEMEBRY &P SOR 8GR T qPaaE i AL BRET Yo et parRipRsiye whi ch
are coupled b&nhePBihe, §bitd hivel UeBLSouplkd %o dchbiiES PE phiaNE-18/505HD corheters
remaining 4 converters 150b. include 8 input lines, which are coupled to 4
pairs of 1/0 RPhe$hd adveftera 16@ $hsa cedhvantmyt ani-big bugsh thraughaiespectife VO @atbisnes

140 th | f the 4-i . 1508, . 02/ 078002
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data are couphgd atedcoRplel 10%adhhsT thel fouf @t tohertti0E50B, hay theashveiterd 50b _
operation, so that, after two read operations have been perforned, 8 bits

have been couficB&a¢hPudae an §fbit st fgoyghl &} paths {3 oo} respectipp detp by lstmingls. The
' t 15 h - - hi ' / t hs
converters 15Qq4 ?Hus??r?ﬁlgg{tf hr-’%)tee offs Ea'etf?ﬁ“t[l-é%o.u{ P(Knrgiéﬁgs Lli%‘gﬁﬁﬁé {hggla{r% bgé |,oa 8 S .

.5 134 to 16 respective us termnals e -Spee

bits of par al teehinaid®a to ehieh ey pleeduiled #aabt wkdt he four 8-input converters
150b, and the converterll_s 150b then each qutput an E%.— ait bcgr%t_ t hrough 110
paths 134 Yo- 8 respecti¥e Wile APBYL™ BFFHN ) Wis 21%epPlieA i cacp pf eifier §i b speed
mode the f our dda iHIP W GANY Esife dnAA Rt S SBRUAMOISS dEfEhiR AmtPf.! O

whi ch they are coupled are not used. 10 For a wite operation, burst of 8
bits are appl high-speedeniotie of thei tolvespe®l viodd Grespaativelp u Respective sbmal-tatppreladi ng

~ upon whether th i ting.in either -the high-speed
thel ow speed bR A8k s FySPObELBR ety LO0EF aaid B BLPURREREE GREE, T

168 then convafgh-spbeal Bodd) for bt Sks 4@ Wistdi priraBel Bitbiih Tcdbwipead hede)dahas(in
the high-speed mopde) or two sets of 4:-bits of parallel data (in the
ng gﬁata bﬁﬁéxpghed to each columm of the memory mat are then coupledwto respective
columns of each sub-array 110 in a write operation.
One embodiment of the 8-bit paraliel-to-serial converters 150a is shown
in Figt'_xre.6. As previously expia:ihe'd, the para_]IéHo—'serial converter ISOa 1s adapfed s
receive § bits of parallel data and output a burst of 8 serial bits. However, the 4-bit.
20 parallel~to-seﬁal converters 1'5.0'b are su.bstantially identical, as 'e};plained' further below.
When paralle] data are to be transferred from .the flip-flops 120 to the converter 1502
RinPar signial _transitions' high, thereby m'gge_r_ing a load logic circuit 1.62. The load
logic ci._rcuit_ 162 thén ontputs a high Data Load 0 (“DatLoad0”) output, which is applied
to a 4 mput latch 164. The latch 164 has a 4-bit parallel data input that is selectively |
25 coupled 0.8 of &e flip-fiops 120. Thus, each data inputl of the paralle]-to-serial
convérter 1502 is coupled to the outputs of two ﬂip-ﬂbps 120. " The outputs of 4 of the
flip-flops 120 are coupled to respective data input terminals on the low-to-high
 transition of the RinPar signal. The 4 bits of parallel data are then stored in the latch
164.



15 data bits appli ed to each col um of the menory mat are then coupl ed - .
respective colums of each sub-array 110 in a wite operation. One 17UCT ZGGJ

“enbodi nentwozt,m@ -bit parallel-to-serial converters 150a pSrsduiBosoi N
Figure 6. As previously explained, the.parallel-to-serial converter 150a is

adapted to receive 8 bits of. paral | el @ta and out put a burst of 8 serial
bits. However, the 4-bit .20 parallel-to erial. converters 15 are
substantially identical, as explained further below \Wen parallel data are
to be transferred fromthe flip-flops 120 to the converter 150a Ri nPar
signal transiti ons hi gmhéﬂmeebmsbfdggabredgn thellateld 16baye to s stifiidtoul 62the The

load logic cjrcuit. 162 then outp a high Data Load "Dat LoadO') out put
whi ch is appl ]aécg‘ signgl trapsitions g‘@ﬁﬁh‘ir@ly CapHas P%f“é’ﬁmrfég g, gupy a jo‘ﬁlt‘t

paral | el dat anigNgYbatb 0, vdh?chs%tﬁﬁmll%&e%&écﬁﬂﬂi@%t—tré’setgﬂ@fﬂciphﬁﬁf frh@ffpl 0ps

120. Thus, each dafa input of the pardllel-to-serial converter 150a is
coupl ed to t hBopiitpistieercet, theeblylcepsifg thp NAIPD £af®HE0 deowmismaictive Iogh beral -

flip-flops_ 12 d.to Y ter nal s

Lot oot ot Dl (RRHReS SRR B 16, 1k BiohnBolind] 953 sfetel E%dat 2
are then stor gdojspu e\htt Headit Gbw BES. i@l Oa%/doﬁﬁ&@}gmég td 4 Sdrial @bck (“SerClk™)

PC1f' 1 US02/ 08050 en the 4 bits. of data stored in the latch 164 are to be

shifted out ofizpHeshiff Hrechbitael spredsiagrar of fherlaick vansitist gme ¢etebperddlisi ng
an inverter 1g§?t‘po output a lowto a NAND gate 170, which, with NAND gate
174, forms a S reset flip-flop. 176. The flip- flop 176 is. then! set,

thereby - causi ng t he NANMP sgalalaly’ & th@oﬁtpﬁtthﬂthﬁﬁt@d@\/iéapﬂ‘ﬂe@ho Seruliglexer Unl oad .
("Seru d") sugnal to the latch 164. The high SerU d signal causes the |atch
164 to odt’pu QA5 exnlaied Bthes Rejow ‘BhﬁP‘P“’aﬁ‘foFﬂ lwﬁrteeé%gwslelqat%y ovwsad BF O ock

| ("Serd k") gﬂﬁ‘ngutsﬂ' I&E n}[i T Iéxé?' 159 19f 1&51@2]?1?11(:1% Qééhltolfl-tetrﬁ'lﬁtl &L hgone bit

at atine on e er Cl sition. aat t he output -of the.
latch 164 is apnm!aseld-#-bb barstruf sérpzll dxterfronitﬂl_e]}&eb 184 tex goahleedzd metdret fipel ow,

(1, DUt UL OF g2 STty | ek Ak SRR, B B R, e
a 4-bit bur st opthcsemmklgﬁlaamavihgem bhentyaéaeh bﬂt@ﬁ dkt@ ifsHHiRaah ey welanblddagaer ed
| 'f TP | 15  triggered flip-flop 184, and that b_tt of data is then shified out of the flip-flop 184 on the
next tansition of the Se_rClk signal having the opposite polarity.
The high Busy signal at the eﬂput of the latch 164 causes a NAND gate
190 10 output 2 high to a clocked driver 194 thatt is identical to the double-edge
- triggered ﬂif}-HOp 184, Thue, ort each transition of the SerClk s'ignal,the driver 194
20 outputs a high Tri-State (“TS") signal. The TS signal is used to .sv'«itch circuitry (not
| shown) recciving the serial data from the flip-flop 184 downstream in the read data path
- 54 (Figure 1) from a tri-state (high impedance) to an active, low impedance state.
| Prior to the end of 4 cycles of the SerCLk, a second set of 4 {lip-flops
120 are ;:eup-!cd to respective Data<0:3> terminals and the Rin signal transitions low.
25. ~ The high-to-low transition of the Rin signal gattses the load logic circuit 162 to output a
~ high Data Load | (“DatLoad]™) output, thereby causing a s'ec.ond 4-input latch 200 to
store the 4 bits of parallel data frotn the flip-flops 120. o
When the 4 bits of data stored in the fatch 164 have been shified out.
responsive to 2 periods of the SCik 51gna1 the latch 164 outputs a low DoneSync signal. :
._ 30 The low DoneSync signal is apphed to the NAND gate 174 to reset the ﬂzp-ﬂop 176, - -



flop 184 that is clocked by the Serdk si g'na'l and its conplinent. Thus, on

a
“transition of the Serdk signal .having one polarity, each bit of d4t7a)Gls!l

shifted i n{@ éApsshoubl e-edge 15 triggered flip-flop 184, andpdtesozusbsoof
data is then shifted out of the flip-flop 184 on the next transition of the
Ser d k signal having the opposite pol ariﬁi. The hi gh Busy signal at the
output of the latch 164 causes a NAND ga 190 to output a high to a

- clocked driver 194 that is. identical to the doubl e-edge triggered
~flip-flop 184. Thus, on each transition of the Serd k signal, the driver 194

20 out puts a theghy Tausingt the QAN g4t 1S0gn alisablkhthe T8ck ilghdlom $urthee dutpoitivgi t ch
circuitry (no shown) .recej ving.the ser.ial data fr the flip-flo 84
downst r eam i nli"FtH%r T daay i*l?)flﬂ“ﬁ})o%e%yf“?—'iﬂéﬂ?lés f;s'ofarPBﬁ‘?rHamt? P—OE?(gP’gut(E{%’ﬁ -
i mpedance) t Ojoadidisd didSit 16PW duPREEIG ANSW WcouRldr 8 bé Rsdthes SpARE fdrierCl es
of the SerCLk, a second set of 4 flip-flops 120 are coupled to respective

.-Data<0: 3> t erbilowl Finally, theorethsigiagiatpplicd s ptNAND gagn204 U8t PHE: aNgdNPo- | ow

transitiongof th i Si . cayses.the ] oad 1 ogi.C.Ci it 162 0 ut a
i gh Data Doatf't 2o LRTEGRBTIeba0s gut »* Ther Ly SR0sid” Vb SR HARIR ) ot ch
200 to storeistde idcabdsShONAPR gitd 206 s dptr Ok @hith icpuskd epinvid&. 210hen t he
4 bits of data stored in the |atch 164 have been shifted.out "responsive to
2 periods of A TCIYive highsignalihaSerialdhnlopdd %ﬁspbi;t)geﬂalqabvi'%w{@- dibgnal .

30 The.., | _o Vi Gtz S j Sy i.ed i ' eset
the flip-fl opwicﬂq?‘@?%%’g}’?ﬁg%gkiéfsbﬁq%@fs’gﬁ@%léﬁ%%%%%%ggR%J‘?’tér%géy
causi ng the NéjNR)gat explaifkdt abodd fabihe lithie 164t CPhel&tive high §ipnd] epli@utopthet i ng
further seria a. Th W, c signal js.also applied to.a DoneO

nput of e Srb i SmgRLoRY T o n B iRy 2RSS HE SO Lo be
reset, as exp&_i%{hzn%i tHUNARE gatd BOOWTH FNARID Yate 1106 (NGNS SRah thSheRRlded to

a NAND gate 204 that, with a NAND 5 gate 206, forns a flip-flop 208 that is

set by the Doh®togiuyssahe NiNBreatchi@Ofte puphtiadpgh T8 8ignek aspeyiondly exnleed.t he NAND -

gate 200 10 outpuL s bl AR ERUBAR AT DY Sl b BB RSt
| at ch 200t hewhihpdab s ahlifvefies?iar ©hppiyt 5 high tbh@e fanletted] &2xadd h8 Anuapledrsi ve
to the S_er?: k gi gnal_, as expl ai ned above for th_e éatcch 16t4. Theu ae(igi ve hi gh
si gnal .app‘i i ed®4:oThgmulnplexer 180 then poup]es the output of the latch 200 to the double-edg
triggered flip-flop 184. _
' .~ When the 4 bits of data stored in the latch 200 have been shifted out of
the latch 200, the latch 200 outputs a low DoneSync signal. The low DoneSync signal
-1s applied to fhc NAND gate 200 to reset the flip-flop 208, thereby disabling the latch
20 200 from further outputting serial data. The low DoneSyne signél- is al-so_appiied toa .
Donel mput of the load Jogic circuit 162 to reset the load logic circuit 162 in
) : preparation for a subsequent transition of the RinPar signal. _ | _
The flip-flops 176, 208 and the load logic circuit 162 can also be reset by
an active low Reset signal, which is typically generated upon power-up. N '
25 As previously .mcntioned., the parallel-to-serial converter 150a converts 2
loads of 4 parallel bits of data to a burst of 8 serial bits of data. The parallel;to-serial o
converter 150a can éasily be méd_ified to implement the converter 150b that convérts 4.
ecither 4 or 8 parallllel bits of data to a burst of 8 serial bits of data. For example, the

converter 150b can be implemented by simply adding a set of 4 latches (not shown) to

- 30 latch the parallel load of 8 bits, These latches. are disabled when in the 4-bit mode and



10 SerUld terninal of the latch 200 al'so causes the latch 164 to épply an
active |low Busy signal 'to the NAND gate 190. The NAND gate 190 then] §mpq_|m§

a. hlghto e 1 94 to cause the NAND gate 190 to ou oshded
si gnal , ﬁf"é’@ gc?ﬁ’sl y explained. Setting the flip-flop 208 g s@sgzét?ses t he

NAND gate 204 to output a low, which causes an inverter 214 to apply a high
to the inverter 182 and the nultipl exer 135 180. The mul ti pl exer 180 then
coupl es the output of the latch 200 to the doubl e-edge triggered flip-flop
184. When the 4 bits of data stored in the latch 200 have been shifted out

of the lat Cr{hgg&veﬂéﬂq%d’tﬁ dﬁﬁtﬂa‘cgsofﬁ ALRME SnAnkON¥ BRN@RYRHer 156N & desdiiRd! ow
DoneSync signal 1s applied to the NAND gate 200 to reset the flip-flop 208,

t her eby di salibbyey t he 1atch 20 200 from further outputting serial data. The

| ow DoneSync signal is_also_a ied t ut . of ogi C
circuit %2' to ?eset t Zﬁgﬁf@.accoap}“ém 50{) r%g aé’%?ﬁﬁc}b o
subsequent t rgR&t i oah@fcoﬁxpﬁe&yaiaafsm Hades aTﬁ}ecésbdrmotlf@pﬁerﬁeﬁﬁmg%&&uand the

load-logic circuit 162 can also be reset by an active |ow Reset signal,
whi ch ‘i s t¥picoaipking diveetiomed su@orﬂSp@muhrmo SPQ@%SS‘)@W‘@VI dushgfomansneeied, the

Il el - 50 I f
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150a can easiihyludee afaddikiashs) Ocdntiel BAR#d Ade Iﬁﬁn\lﬁﬁd(ﬁﬂionlﬁﬁfmoﬁlbﬂér@ﬂmerts 4
either 4 or 8 parallel bits of data to a burst of 8 serial bits of data. For

exanpl e, t he 30drrledes ope omyreputsisviceRy Idneih asla beyhoridar ¢ maeiss SoEpkeddat  of 4
| at ches (not iﬁpﬁ}mgssbp 3})9 (}L\%&I Q :Hﬁ'g 53[51&{ | ﬁxlte[%agé‘%ﬁlf gng \%Jnggter %%ste(snzmo

These. | at che i sab en 1 n e 4- b|t node an
170CT2005 10 PChyptdab/ 8 Cainpkee wsxame’j?aﬂe:ﬂsolﬁﬁbldemenatoesnom oblymt dewiees fdAner as

t he; converter 150a as descri be above, ure 7.S a_com ut er stem 300
cont aini ng t H&Y @m TgfessqE; War e Output é@é%ﬂ?@?@?& (S’BaVF%Pudes a
processor . 30kl PORE UrthdQ ¥Ad ls@&@e%eﬁeésoyis L2128 £1§m}pnc<an§,coﬁqy@dﬁtoaﬁm -

executing specific software to performspecific calculations or tasks. Th_e

processor 3021p¢retondes t(aaW\mﬂ@smwesm 0B ustofgaiataigroragtiigve data from internal

.or-extemnal storage media {(not shown). Examples of typical storage devices 318 include
15 ila:rd and floppy disks, tape cass.ettes, and compact disk reéd—onl_y memories {CD-
ROMs). The processor 302 is also typically coupled to cache memory.326, v?hich 15
usually static random access memory (“SRAM™), and to the SDRAM 10 through a
memory controller 330. The memory controller 330 normally includes a control bus.

336 and an address bus 338 that are coupled to the SDRAM 10. ‘A data bus 340 is
- 20 coupled from the. SDRAM 10 to the processor bus 304 cither directly (as Shown),

through the memory controller 330, or by some other means.

b _ From the foregoing it will be appreciated that, altheugh specific
embodiments of the invention have been described herein for purposes of illustration,
B various modiﬁcaﬁons may be made without deviating from the Spin't and scdpe of the

25  invention. For example, although the SDRAM 10 has 16 data bus terminals, 16 DQ -
terminals, 8 of which are used in the high-speed mode and 16 of which are used

in the low speed mode, it will be understood that memory devices may have a |
lesser or greater number of D terminals. Also, each burst of data may cohtai’n a
lesser or greater number of bits than the 8-bit bursts deséribed_herein-, and the

30 width of-the I/O-path-eoupling data between the memory array and the paraltel= " -



- includes an address bus, a control bus, and a data bus. In addition, the
comput er system 300 includes one or nore input devices 314, such as+4af {C7 2005
"~ keyboard onryg odlusg; coupled to the processor 302 to all ow por@REN@ISY tO
interface with the conputer system 300. 10 Typically, the conputer system
300 al so includes one or. nore output devigces 316 coupled to the processor
302, such output devices typically being printer or a video . termnal.
One or nore data storage devices 318 are also typically coupled to the
processor 302 to allow the processor 302 to store data in or retrieve data
frominternal to-serialodneenals nstydicagalared narrowaothas bevii). palix deqetibed béreby pi cal
storage devices_.318 i.nclude_15 hard and fl oppy .4j sks, .tape cassettes, and
conpact di sk T SRR il g0 ?@@pparem?ne #%l'ée%%f@sgbr Asepstinglyothe o
~typically cou 10: : : i { Sandsual ly static random
access nenDryE%$%E%§F§?E§§ﬁ&§%9%%g§%ggfﬁﬁ%%ﬁ% ?gﬁ%h a nmenory controller
330.....The. nenory controller 330 nornally includes-a control bus. 336 and an
address bus 338 that are coupled to the SDRA. M 10: : A data bus 340 is 20
coupl ed -fromthe SDRAM 10 to the processor bus 304 tither directly (as
shown), ‘through the nenory controller 330, or by sone other means: Fromthe
foregoing it will be appreciated that, although specific enbodinents of the
i nvention have been described herein for purposes of illustration, various
nodi ficati ons may be nmade wi thout deviating fromthe spirit and scope of -the -
25 invention. For exanple, although the SDRAM 10 has 16 data bus term nals,
16 DQ- termnals, 8 of which are used in the high-speed node and 16 of which
are used in the |low speed node, it will be understood that nmenory devices
may have a |esser or greater number of DQ terminals. Al so, each burst of
data may contain a |esser or greater nunber of bits than the 8-bit bursts
descri bed herein, and the 30 width of . the ]O path-coupling data between the
menory array and-tlie_.paral- O WO 02/078002 13 1 7..CCT I PCTI U502/ 08050
to-serial converters nay be wi der or narrower than the UO path descri bed
herein, Qher variations will.also be apparent to one skilled in the art.
Accordingly, the invention is not limted except as by the appended cl ai ns.



WO 02/ 078002 14 CLAIMS 17 DUCT 2BC6 PCT/ U S02/ 0S. 050 1. A nenory device
data path, conprising: .a storage device storing N bits of data; a f{fgiC7gLs
havi ng N i pled to the storage device; a second bus i bits
coupl ed t%vﬁﬁ%/ﬁgst%girjage device; a first set of N 2M parall el?@!’]g%ﬁ%@
converters coupled to the first bus, each of the parallel-to-serial
converters in the first set having Mimput termnals coupled to. receive M
respective bits fromthe first bus, the parallel-to-serial converters in the

first set having respective serial output termnals coupled to a first set

of N12M respective data bus term nalggamMde paral l el -to-serial converters in
the first set being operable in a first operating nbde to receive fromthe

storage device through the first bus 2 sets of parallel data each containing .’

M bits and apply })I{ZM Q%géﬁaﬁ %Cecﬁgoﬁ%ﬂ’ise- g -bi.ts to respective data bus

terminals in the irst®se a’sec 2M paral |l el -to-seri al .

converters. coupl edakprigedietitd Sbrigbitsseftiang buses, each of the b
paral |l el -to-serial ‘converters in the second set having Minput termnals
coupl ed to recei ve2FFdEpbme 2 bits couplegie thestoragedevistis and M respective

bits from . the Sec‘%@é’cc?:ﬂ%sl?a@ﬁxg%ﬁ@it&%u?feﬁ“t&ﬁm%isﬁ&ﬁgﬁigg}f@ters in the second

set having respective seria utput termnals co t'o a second set of

- N 2M respecti ve datdirfiust dféy/Hiinatadlel-tbhenpaomletetscotpled mrthafirs bwsy eacherfs i n

t he second set heing. operabl e, i he first operatin de to, receiv from
the st or dUePaRNAIdR i BUBRIERES Be on broe MEBPS! Grtpdh SR ECEEdeh
cont ai ni NgsMJet Bits B0 1R APPbY, WMe2Mrh 18- SerBAEHneAB 8 NihB KirdMeP IHa $inf 0
respective data bus termnals ih the second set, the parallel-to-serial

conver t ertsspegtivereniglontmid teseinals epwpdeddp efutsiset afiN/2Mswsersaidve davebwttérmnatade to

ei f . device th he fi d d.b f
paral | ot BEPISRB A A SO PR o SO PRI D SRR SERERe R g 2m

bits to reescEsh\R dathge ke li@biBiNGd Srst Pud N@tsSEGRAMNE®Ea eadh cdifinignar y
device dal;[itas a%gtagpng/%}VIaibmsé ’eacvl\lh cg)rr:‘[eaiinri]ngI\IZEE./ISl:v:iteSq[é)J ?éSpg(?ﬁvgzdataag]uds tg/lrnih?alse iqnutahle to 4.
first set; and '

a second set of N/2ZM parallel-fo-serial converters coupled to the ﬁrs'»t and
second buses, each of the parallel-to-serial converters in the sccon& set havin.g M input -
terminals coupled to receive M resﬁeéﬁve bits from the first bus and M respective bits from
the second bus, the pa_réﬂe!-to—seriai conveﬁefs in tﬁe second set having re‘sﬁective serfal
output terminals coupled to a second set of N/2M résp'ective data bus terminals, the parallel-
to-serial converters in the second set being operable in the first operating mode to Teceive
from the storage device through the second bus 2 sets of parallel data each containing M bits
and to apply N2M bursts each containing 2M bits to respective data bus terminals in the
second set, the parallel-to-serial converters in the second set being operable in a second
operating mode to receive from the storage device through the first and second buses a set of
parallel data containing 2M bits and to applj N/2M bursts each containiﬁg 2M bits to

respective data bus terminals in the second set.

2. - The memory device data path of claim 1, wherein N is equal to 32 |
and M is equal to 4, | “



WO 02/078002 15 1 7 OCT 2005 PCTV8021080a0 3. The rrermry deV| ce data_path
~of claim1,. wherein the storage device conprises N flip-flops. 4. W@CT 2005

menory dewwgﬁg,@ﬁg@ozpat h of “claim 1, wherein the.parall el -to-gseriusé2os050
converters conprise: a first set of latches having a set of M parallel input

termnals coupled to one of the first and second buses to receive and store
the data bits, the first set of latcheks further including a serial output
term nal coupled to a respective data bus termnal; a serial clock term nal
receiving a clock signal, a control terminal receiving a shift control _
si gnal allow ng the3dat aThkd h&rﬁdiyhﬁ:v‘idbi fite hatuiof @faihhd, filiegbinsthie - sibragat ches
responsive to the cl ocgI gna and an output term nal generating at | east
one- st at usdeVaGESHPRIDIISES fi‘ﬁt QPE- of t he operating state of the first set of

| atches; and a flip-flop set responsive to an initiate signal and reset
responsive to a status signal .indicating that all of the data bits.stored
in the first set of 4]l at cEksmbavey devee dats ipathtofadlaontl, vhetechetht pretlcldesendl

‘| atches responsive ta the serial clock signal, the flip- flop having an

out put t er AT to the control terninal to apply a shift control

signal to the cont ralfu&tesretrbmltcﬁeg hahlngw deh&f Wepaald] tify &ﬁeﬂﬁlrﬁﬁléoh@liéd(wt of -
the first set of |atches when the flip-flop i's set. % he nenory device

dat a pat h @fc ef thenfims! anfiseeond bm@sﬁarrawm and stogg ihg da@o‘?ﬂ%rthérfgs‘”ciﬂﬁmf ise: a
first set chc?tlcrt?ﬁé DA% gsst%gﬂag Wgﬁg al aI% %oupfét%ﬁrto Lk "1)9&1\% &2&9 gd to

the first recei ve artd |rs set O Iatches
further inehuthahg eriasdotiaterniiap uécel enigra DRk Gipupl, ad:ohﬁ’ohtdiﬁﬁmmdey\englat a bus

termnal, a.serial clock termnal = receiving a_c|ock % {_gast contr ol
“termnal rEeBisanHg! stepdl dlovang the dafaitits tostiegﬁ‘éﬁe art Banﬂ%‘i’g lFﬂe‘;eHQ tgiefs to
be shif t edr QubnHfe ltohﬁefdléﬁi s%u%l Qhd LAl GlisR téﬁﬁﬂﬁng ﬁé@aﬁr% L feagt &?é(staﬁisgnal
and an output termnal gener hg at least one fif¥st status signal
i ndi cat i vesighal !nsﬂreJlopeqfahq ngersﬁng gafof thefifst setof fthest alluht ches and a first
flip-flop set responsh an initiate siglnal andlr 5: onsweto _

1p-ﬂop s€t responsive to an mitiate signal an Tese ponsive to a

~ status signal indicating that all of the data bits stored in the first set of latches have
been shifted out of the first set of latches responsive to the serial clock signal, the flip~
flop having an output terminal coupled to the control terminal to apply a shift contro}
signal to the control terminal to allow the data bits to be shifted out of the first set of

latches when _lhé flip-flop is set.

5. The memory device data pathi of claim 1, wherein the parallel-to-serial
CONVErters comprisc: _

) ' ~ afirst set of latches having a set of M paralle] input tenni'nals'coupled to -
the first bus to receive and store the data bits, the first set of latches further inclnding a
serial output terminal coupled to a respeétive data bus terminal, a serial clock terminal
receiving a clock signal, a first control terminal receiving a first shift control signal
allowing the data bits to be shifted out of the first set of latches responsive to the clock

: signal, and an output terminal generating at ieast one first status signal indicative of
the operating state of the first set of latches; and
 a first flip-flop set responsive to an initiate signal and reset responsive to .

. a first status signal indicating that all of the data bits stored in the first-set of latches



. further inc

a first status signal indicating that all of the data bits stored in, bE?
first-set of latches WO 02/078002 16 1 7 O C T 2005.. PCT/ US02108050 h% 2005
“been. shi fywed2@awdoepf the first set of |atches responsive to pichassaensoad cl ock
signal, the flip-flop having an output termnal coupled to the first
control termnal to apply a first shift control signal to the first control
terminal to allowthe data bits to be shffted out of the first set of

| atches when the first flip-flop is set; a second set of |atches having a
set of Mparallel input termnals coupled to the second bus to receive: and
- store the laedebi shiftedhat of dwniirstet oblatthes chgponkivetthébe seriabtlodk signal, twr i al

output terginal coupled t | .respectiv ata hus term pal serial «.cl ock
Corminal *rieaion gy iRe o s d GRER <upii P e 2R Aok PRpind il e e
shift —condyiflcofiréNgibnall toQhé FastidofirdPicamiial So allb® B b Bitel@d WhiRdd bine
second set of |atches responsive to the clock signal, and an out put

term nal gelibe drstisgt of lafahas when éhestivsbHip-flop as 88 si gnal indicative of the =~ = =~

operating state of t nd t, of | atc ; 5 ' et
Fesponsive to the fi7ro0d St 1 Rlect Sior A ReR e SR el CARIEE
stored in fohfefsetsd bad tofeckhechdSsitavibe laenbidi tht edcaidt seo bf Thiehekifogherset

of latches. and reset responsive to a second status signal indicating that
al | of theMgREWE piscrakeyprt tamnah coupledla LEesPeFiveatendys favunted se8Rl  t ed

out of th Mﬁﬁ t b - J LAl £l | gh@l . the
second fl %E?f g‘p a@i rnegglgﬁﬂ%lhﬁ%ﬁ% g‘?‘g%‘&n‘éﬂ\fﬂ%‘%ﬁ}ﬁ‘gﬁ’# gédteﬁlén%ogs%?% tglgl?ﬂm nal
to apply acormdsigrshidfllowinntholdasi lgmto be shifted sat ofidhe serondl set ef fatehts t o

allow the data bits to .he .shifted out '
?é‘@tcﬁ

f t y id set of . | atch th
second f1iT5ROSHS St Neht” bt ol MRl Bens3 et Iopd R Feoier ol 1

t he! st or agfarud QNG Rindictio8 of MheligesatRlo WAL AF HE ddodnd k&t 1ABRGAkINY node and N
bits of data inthe second operating node. 7. A parallel-to-serial : '
converter, conprisi rigsecand iflipflopeset visppasivn és thrafirsiglaussegnad indicgimgathete|
nput. ter mpal sl 0 d BELYCeq ANMl 118, M AAba. Bt s pelhebid 3l G Blolal ches
uding ‘a serial output termnal coupled 10 a reSpective data .
out put t erof adhes andeeialrespbasike ten rec@ld stane isignmg imdiedtmgkhat ail of the data
bits stored in the second set of latches have been shifted out of the second set of
latches responsive to the serial clock signal, the second flip-flop having an output
terminal coupled to the control terminal to apply a second shift control signal to the
second controi_termina] to allow the data bits td be shifted out of the second sét of

Jatches when the second flip-flop is set.

6. The memory device data path of claim 1, wherein the storage
: device stores 2N bits of data in the first operatihg mode and N bits of data in the

second operating mode.

7. A parallel-to-serial converter, comprising:
_ a first set of latches having a set of M parallel input termrinals to receive
and store M data bits, the first set of latches further including a serial output terminal
coupled to a respective data output .terminal, a serial clock terminal receiving a clock
signal, a control terminal receiving a shift control signal allowing the data bits to be

shifted out of the first set of latches responsive to the clock signal, and a status output .



signal, a control termnal receiving a shift control signal allow nq ,, 61@ :
~data bits to be shifted out of the first set of |atches responsive't h@%
cl ock signalo oaddod st atus out put 1.70CT2005 WO 02/ 078002 1%R@SLAERR/ 08050
~terminal generating at |east one status signal indicative of the operating
state of the first set of latches; and a flip-flop set responsive to an
initiate.signal and reset responsive toX. status signal. indicating. that
all of the data bits stored. in the first set of |atches have been shifted
~out of the first set of |latches responsive to the serial clock signal, the
flip- fl optdnmmaigeaarammgmtlemaercmermdxtusmgnh]emdnaatlvh@fdbﬂtog)aiatmgrstatenaf theo
applyashlft nft nal to the control termnal to allow the data bits
to. be shiftl SSU?I irst set of latches when the flip-flop is set. 8.
A parallel-to-serial,ggp \ﬂ%ﬁ)tﬂm SRRV 3b B8 iniatd EishalS&ld Rbet RESIRESehaw ng a
set of Mparallel input"tefmnals coupled to recelve and store Mdata bits,
the first g@mwlgmeétmﬂr@gtmw thaieall ofmhqdﬁtenglta sieed i thaufipstiset efcletshesshaveoupl ed

t

cllock ot pnarar SuflE) BpPdt Aot 4l o iopes RPN EOB o i 0 °
signal al | Glbrighvingean dafpat firindl @olpicdhb kicecommil t@imibiieo fappBt a steft cOﬁtrMat ches
responsive to the clock signal, and a _status output 1%‘erm naI generatwgg at

| east one figngl testhgceairg] tﬁﬂamnalﬁauaﬂiaw the date Riknelo Rspdylied py @ the &rgsch

first set ?Jtcﬂ&tv?ﬁkﬁstheﬁﬂ?ﬂop%fsétmt flip-flop set responsive to an initiate
signal and reset responsive'to a first status signal indicating that all of
the data bits.stored in the first set of |atches have been shifted out of
the first set of latches res nS|ve to the serial .clock signal, the

f1ip-flop having an ut puf PEEIRRzIcrRl apYeaes: COmPEY i rst control terminal to

apply a first shi fta@@ats%pbfﬁk&ﬁélhamgta@%t 6fm§ar§ﬂatlﬁﬁh tEr@HihIE dbupléd #Y | ow
the data bits to be shifted out of first. set of |atches when'the first
flip-flop irecedet andastore dhdakedbitnithe ﬁmhétsoﬂﬂalmhﬁg fertheestingdndingpaseail eftpihput
termnal s I cel n it 9? g

| at ches f urq‘%#g]rlai r?(l:]ft"fég tate ée&w% a2k} %M tg]?%%%pnaﬁ%haf QS?I?F }fer%%l%} %H ctive
dat a out puts diesinsigadl, a ﬁrﬁ&j’on&bl ﬂdrﬁﬁ?xkalﬁ’a:femm‘@h first shift control signal allowing the

data bits to be shifted out of the first set of latches re_sjaonsive to the clock signal, and a

status output terminal generating at least one first status signal indicative of ‘the
operating state of the first set of latches; and
 afirst flip-flop set responsive to an initiate signal and reset responsive to -
a first status signal indicating that all of the data bits stored in the first set of latches
have been shifted out of the first set of latches rasponsive to the serial clock signal, the -
flip-flop having an output terminal coupled to the first control terminal to épply a first
j _shift control signal to the first control terminal to allow the data blts to be shifted out
of the first set of latches when the first {lip-flop is set;
a second set of laiches having a set of M parallel input terminals coupled
~ to receive and store M data bits, the second set of latches furthér including a serial
output terminal coupled to a i"espective data .output 'ternlinal; a serial clock terminal
receiving. a clock signal, a control terrninal receiving a second shift control signal
allowing the data bits to be shifted out of the second set of latches responsive to the
clock signal, and a status output terminal génerating at least one second status signal

_indicative of the operating state of the second set of latches; and-. ... 0o e



receiving a clock signal, a control terninal receiving a second shi fg 7 0CT 200
~control signal allowing the data bits to be shifted out of the second seg
of | at chesweshppgzve to the clock signal, and-a. status owgpuisokesesnal
generating at |east one second status si gnal uid cativ.e.of the. opeérating
state of the second set of |atches; and 3 77O C T 2065 WO 021078002

PCTI US02/ 08050 18 a second. flip-flop sdf responsive to the, first status
signal indicating that all of the data bits stored in the first set of

-l atches have been shifted out of the first set of |atches and. reset
responsive to a secchsccondiligfopgiehrespaarivatd thy fmhtials sigpel inticaimgdhab; ts

stored. in gﬂﬂ%fﬁ%cmg bRS StcBld inthe BES-sot HAURNBERAY SBeh A burYr tﬁ@ﬁﬁi%epnd

set of ches Tesponsive € Seri gnal, fe Second p-flop

havi ng an oﬂtamlies ahdrretdiaéspﬁﬁs:lpé aﬁatsecdﬂdestmmhlrgﬁhl mdrcmmgthamllaqiﬁdihy dat-as econd
shift cont Si gnal o the  secqgnd control_ termni.nal ?Stgow t he dataﬂbl ts
O(“Fué’ ¢

.-.to be shi f{’téﬂ sred g the secapdqgiell of datches-hpvg befak shified, gsheend 79 op is
set. 9. A RORSY, N, _ a&gg in
rows and co urrrslsre a rsg‘\% ?dgl%?ﬂdggygggggg%g’ugﬁée ?Ig@?}e;%_g]l @gﬁ%ﬁ?%& addr ess

si gnal andtrmirrdabkpled todbe cestprdngimyal onagly meseooyd slalil eonitrol tsignabte the  a

col um addr ess ,decod

led t d dto
onabl © a CHPBYTORPRETEO R APV B K& e R Y oy oot PR

decoder opef@tilsQvicd m@g@do\ﬁgﬂﬁmgxsg&mnds froma command bus and to
generate control signals corresponding to respective nenory conmmands;: and a.

read data path, conprising: a first bus coupled to receive N2 data bits
fromthe array, a se ond bus &9 gll%d étoo receive N2 data bits fromthe
array; a first set o g?éVI VPS5 conver ter s coupled to the

first bus, each of id’l.ﬁ'r:@@lfﬁ;bhefydeﬂsWﬂg&imﬁ’@ﬂyﬁ’iddﬂlﬁnﬂsﬂ the first set
having Minput termnals coupled to receive Mrespective bits fromthe

first bus, the paral? & pdsrasefgcaercorpled tooeeeivg propnaldrsss senaepd fagiahly 2
respective ‘2% du‘R“:IoR'-%frﬁ OQ}&%I %&g?% dtoafirst set of N2M
! T

respective us termnals, eac e NV2M parall el -to-serial
converters in the  acolumn address decoder coupled to receive a column address signal and to

cnable a corrupondmr' column of memory cells in the aray;
a command decoder operable to receive memory commands from a command
bus and to gencrate control signals correspondmg to respective memory commands; and
a rmd data path, comprising: '
 a first bus coupled to receive N/2 data bits from the array;
a second bus coupled to r(_acewe N/2 data bits from the array;
a first set of N/2M paralléi-to~ser_ia1 converters coupled to the first bus,
i _ ‘ calch of the parallél»_to-serial converters in the first set baving M input terminals
coupled to receive M respective bits from the first bus, the parallel-to-serial converters
in the first sct having respective serial output termyinals coupled 1o a first set of N2M
“respective data bus terminals, each of the N/2M parallel-to-serial converters in the
first set being Opefable in a first bperating mode to read 2 sets of data from the array
each containing M bits, the M bits in each set being coupled through the first bus, the
first 'set of parallel-to-serial converters further being operable in the first operating
mode to apply N/2M bursts each containing 2M bits to respecﬁve data bus terminals

in the first set; and



i

first set being operable in a first operatlng rmde .to read 2 sets of 2[3? 3
fromthe array each containing Mbits, the Mbits in each set being 1: |§IJ§W5

t hrough t heydighstseis, the Tirst set of parallel -to-serial wOnVSRiBID
further being operable in the first operating node to apply N 2M bursts

each containing 2M bits to respective data bus terminals in the first set;
and WO 02/078002 19 1 7 0 C 12005 PCT/ W302/ 08050 a second set of N 2M
paral l el -to-serial converters coupled to the first and secand buses, each
of the parallel-to-serial converters in the second set having M i nput

term nal s coupled to reced vold §etSPBIAM varallelts-skiiglvohirgtefd ddbledws the fasid M
respective, bits fromthe second bus, the parallel-to-serial converte in
the second-set 2nheacoRfl busesseahi QféhesI@F‘?l]]ﬁ]'too'iﬁPﬂlﬁoan’éTeﬁﬁ ﬁdb%seé@ﬁjp‘feé a"t"ég

second set of Ni2M r&SPes! Ly dj)leddﬁat ﬁecQUé mrgper;@\'fesbme%ﬁl e &

parall el -to- serl converters 1nt esecon set' being opera elntheflrst
operating node tespectize bits ﬁmmsh@iecdﬂit‘tms,fmepumhd-ta-rsemg cemcettersamﬁteaemndg;eivl bi ts
coupl ed through,the second bus, the sec

converters furt HBYPHEAEY &%%ﬁ”éb?‘ﬁp‘i‘ﬁe‘?‘r‘f@%f? {fddﬁérssﬁorﬂﬂge E{‘&Z{gﬁwﬁffﬁﬁ‘v N 2M

bursts each cogh@itik hdMiDiehd §ané m%&n@x RedeAalbibRvd RN AE SeddRd lsBE
second set, each of the N 2-% parril.el-to-serial converters in the second

set bei ng oper abtog pnefablsecm&rstcpenaama mgdfmwd!@ad 8 seigad dataiélm dfe ageay gadly om
the array containing. 2 Secon _bus S,
the. second set Cglflalgléﬂg%l%lt C?ué’?eg%ﬁoﬁh '&'Sr‘ci Cé’ﬁ?& %‘ef ?flg?rﬁjesrp B%?aﬁ%%ggeﬁmﬁ ein
the second oper atm\r&gcr@udﬁhetrQ)ea;@pipyraﬁ%ZMubaJﬁ@t Sp@asit me@NtRkpHn B/ AWItatds (O
respective data bus terminals in the second set. '10. The nenpry device of
claim 9, wher ei §34% GogtaEpREAM bigs toresnerp datp bug terminads mth sepond. éat‘rh@fréh%/
device of cl al Moy SHERNGTSGAMRENSLAY iR L ARAIE clNhECoROMRL & ot QebliP
array, the storagée device being operaletoterrporarl oret data bits.
-read fromthe arpayunglgoddlhe rm_rmlsgt afedeitc &romf thel aram dohtainiine 284 bits keupdédr age
g;e)\élr gte | :,]3 rrgggr N }33 tﬁ]et Igrnlg rséclok/d %Es%g ethgl slgcl;ot %l set 0 %ta?alllelr-]totsgrexalfcon;srérters
further being operable in the second operating mode to apply N/ZM bursts each

containing 2M bits to respective data bus terminals in the second set.

- 16. The memory device of claim 9, wherein N is equal to 32 and M is

equal to 4.

1. The memory device of claim 9,. further comprising a storage
device coupled to the array, the storage device being operable to temporarily store the

} data bits rcad from the array.

12, The memory device of claim 11, wherem the storage device 1s
operablc lo temporarily store N bits of data in the first operating mode and N bits of

data 1n the second operating mode.

13.  The memory device of claim 11, wheréin the storage device is
operable to 1cmporan]y store ’7N bits of data in the first operatmg mode and N bits of

data in the second operatmg ‘mode. S



| Ro—— S e e

data in the second operating node. 13. The nenory device of cl ai m 11, S
wherein the storage device is operable to tenporarily store 2N bi t ¢ /il idéa
inthe fir ing node and N bits of data. in the. segph Gload I Ny
mode. WD (}g;’(ﬁ%%? 20 PCT/ US02108050 14. The nenory devi ce 12 gisg?m 3,
wherein the parallel-to-serial converters conprise: a first set of |atches
having a set of Mparallel input term nafis coupled to one of the first and

- second buses to receive and store the data bits, the first. set of |atches

further including a serial output term nal coupled.to a respective.data bus
termnal,. a serial qhock Ther fefdly I RGREYbN LA NChiSledNdhe  pAaIRDRLLOA
termnal receiving a shift control signal allowing the data bits to be
shi fted outongérterhepmpnset set of | atches responsive to the.clock signal, and .

I nal i I A L i ndi | f th
operat i ng state of tret e utesgftily 2R ST pifae i roplEAERNAQLE U2

_.to an initogd of sheofigh aaddsecosEbut@sSRORSeNe dnd Qoresthrt dta Bighdle fmtsaaifi ng

that all of the data bits stored. in the first_set of |atches have heen .

shifted outatahes fhebaer ystuding aoeriahtfy teenipahsryried o AdesRechivg defedule
signal, the tiip-, JehQﬁclpgi\’ ké}ﬂ?ﬁa’l 1OLLPE L G5B §8halCQ YRS &%Qﬁef&%fr‘a'
a shitf control

termnal to apply - S|gﬁ'zfl to tHe ctontrol termnal to-allow
t he data bsiift domtrbksighalf dlbevingtthefdatdbitf io be shftedodut dfathehfxst vdien latblees

flip-flop is set. 15. The nmenory device of claim9,.- wherein th :
paral | el - t ZSB&RH to %‘Srﬁg_%‘fl‘% &iggal G s autpyt ?Walﬁpe@ffmgaf’ttéﬁﬁg _Oﬂ%\ﬂaﬂﬁ a set
of M paral lt/iehal'iHﬁHét%Je%ﬁfh@%{;érgﬁﬁ?Qia?@oft‘ﬁ?ffrﬁ%ef bf RlcHeYSad© receive and store

the data bits, the first se atches further including a serial output
termi nal coupl ed t o aflipeSpp el vespoadive busn tistiptensignal sansleraset] respapsive tte e nal

ook o | (i . koo el . s
control i gt el e wal alliof BF e BSOS IR B SEro e e s e
of | at'cheshégsgofa Me dfehé st GbosKlatchied Pabonsvilioathe G fldlotlesighd) e flip-

generating _at |east one first status signal indicative of the operating
state of tHephayig agequipyt teapiERbgoupipdto the control terminal to apply a shiit control

signal to the comtrol terminal to allow the data bits to be shifted out of the first set of
" latches when the flip-flop is set. |

15. The memory -_device of claim 9, wherein the parallel-to-senal
converters comprise: | | _ |
_ a first set of latches having.'a set of M parallel input ﬁei‘rninals coupled to
the first bus to receive and store the data bits, the first set of latches further including a
serial oﬁtput terminal cdupled te a respective data bus terminal, a serial clock te_ﬁn‘inal _
) receiving a clock signal, a first control terminal receiving a first shift control signal
allowing the data bits to be shifted out of the first set of latches responsive to the_clock :
signal, and - output terminal generating at least one first status signal indicative of
the opefating' state of the first set of latches; and
| . a first flip-flop set responsive to an initiate signal and reset responsive to
- a first status signal indicating that all of the data bits stored in the first set of latches
have been shifted out of the first set of latches responsive to the serial clock signal, the

ﬁip—.ﬂop having an output terminal coupled to the first contro} terminal to apply a first



a first flip-flop set responsive to an initiate signal and reset resgoin@'TVIﬁ_r
to a first status signal indicating that all of the data bits stored’i 8
first set &fobstsbes have been shifted out of the first setpEfrukaistsws
responsive to the serial clock signal, the flip-flop having an output
termnal coupled to the first control terminal to apply a first WO Q2/ O780C2
21 1 7 GC e 2005 PCTIUS2108C60 shift Zontrol signal to the first control
terminal to allowthe data bits to be shifted out of the first set of '

| at ches when the first flip-flop is set; a second set of |atches having a
set of M pahit bmiﬁdlrsmg:ﬁaltoeﬁmifmat SOMmlnélenﬁnalm slhew flecdatal biisiso beshifedeive and

store the data |ts sec et. of hes further including a serial
out.put ter %Bﬁedloéga tehgs q}‘-‘@stf&eéﬁt\;f@? Palstf’ﬁg termnal, a serial clock
termnal r ece| vi ng aa%é&%lﬁ sef &'l%lcahe@h&ﬁﬁ%%%t 6%&@1'1@1%&%&&19&1@@5}51&{@
shift control signal allowing the data Dbits to shift'ed out of the second

set of | at théeke sercesddmsmeeqeovet ami stooe kesdlagn diits, ﬁmoseamcbmtpﬁtlatcb@&rﬁm@br

generati ng-.at, Least _on tus naI i ndi.catiive of the Re ng :
Soate of iR sahf e aRuBbl Rl M B oshlhiTe e iR BRI 09 (o

the first siakuensimghabodivigs catioon sig‘jﬁli a @bhtrof térhgnallatecibhn s sdcongdhifn t he
first set of |atches have been shifted out of the first set of |atches and

reset respéAsiOksigalaliepadhedatasityre shiffer cantidfghe raeond petort laktbeyat a

et Sof O] gt BE 33RERAcR Slerdl LGNSR AN Ed: Rl Gl LG econd
havi ng an @tﬂmmmgnalendmatade afchipbpetating tiae: efdhé sedontieenofiaichesy aappl y- a second
shift. control signal to “ge@anioond control te m al to allow the data bits

to be shifted out of 25 R 8¢t 1gsPonsHiedadhe Rtk sigBeloRaicing et op i s
set. 16. Thy JERPWYad8K stie@in ﬁJeaﬁl@} &at o‘f’@@c&ﬁés%év‘é%e@i‘?g@’ft\éd %%Ybﬁﬁle%%et S€es

a dynam ¢ random access nmenory. he nmenory devi ce claim1l wher ei n
t he dynam ®f rlawhmmsesmﬁmeﬁompn@ etatus sigmal indinatisg ﬁhyhalhloé theadediom

access nmengr evi ¢ onpri si ajray of nenor S
arranged i t%o%\greg A8 8,55 f#&cfj Set' 5 latcﬁle”%ave tetn $inéld b8 of the Eedh sete {”
latches responsive to the serial clock signal, the second flip-flop having an output

- terminal coupled to the contro} termimnal to apply a second shift control signal to the

second control terminal to allow the data bits to be shifted out of the second set of

latches when the second flip-flop is set.

16.  The memory device of claim 9, wherein the memory device compnses

a dynamic random access memory

i 17.  The memory device of claim 16, wherein the dynamic random access

memory comprises a synchronous dynamic random access memory.

18. A memory device, comprising:

an array of memory cells arranged in rows and co]umﬁs;

a row address decoder cbupled to receive a Tow address si.gnal and to enable a
corresponding row of memory cells in the array; a

a column address decoder coupled to receive a column address signal and to

enable a corresponding column of memory cells in the array; e



a row address decoder coupl ed to receive a row addr ess signal and to Z@gblf
a corresponding row of menory cells in the array; a:-colum address h &

~coupl ed towiEegiNgza col um address signal and to - enabl e. ape@fysgseRssi ng'
columm of menory cells in the array; 1 7 OCT 2M WD 02/ 078002 22

PCTI US02/.09050 a command decoder. operabl e to receive menory comrands from a
command © bus and to generate control siéhals corresponding to respective

menory commands; and a read data path, conprising: a storage device operable
to store 2N .bits. of data in a-first operating node and N bits of data in
~a second oper ating rmoaeymandf decater bpsatiatei mepi heppiyscopmmpiefome qomaagtor age

device; a second bus having, N2 bits coupled to the storage device; a first
set of par IR ¢ 6EEY CnuBLHRIstarErIRiE BaePEtROPLPrTIEISAnT, “of ¢ he
paral |l el -to-seri al %X@ﬂét@ﬁﬁh,ice pR@nd:i rst -set having Minput termnals.

- coupled to receive Mrespective bits fromthe first bus, the - |
_.paral lel-to-serial convera#pragd devidsewpfrablstto sivee 2Nahilsry detasipechinsiepessding g

out put term nal I a fi.rst set of respective data bus '
termnals, the %g&;ﬁpﬁp{%gtgi&l}g S%CSIﬁv%p%{aé%%ll\érﬁlet he first set being operable

inthe first operating rofie: Huo hieeEN ik coupiddte tlsd asagadesie] ce t hrough t he
first bus 2 sets of parallel data each containing Mbits and apply N 2M
bursts each containing 2M %8 bugphavingdYd bits garpipskta thesdoregedevisail s in t he

first set; and a second Saeﬁrsﬁieé Pﬁgyﬁgie‘glo‘-& Fgﬁﬁé%ﬁ@@iﬁédttﬁﬁﬁe GOMPsELhchO the

first.and second buses, eac ara t o-ser converters in the
~ second set havi efghd/parhigdad-stred nonvahas mahe e séthavieg M upuMeremple couples] thi t s
frorn the first bus and M .rebsio%ct iye_bits from tllh]: secqnd bus, _tgle
par al | el - t o- ser FesfV e ¥reRer YIS dromhge St Brry e dpralifhiorsigelcauyaier iy e datti al
out put term nal g g RApdclv@sBEANSFht ity NP 16 2 BRG bét\o? N/8 bdspBMve
termnals,.the parallel -to-serial converters in the second set being
operabl e in théatf busdermipals.dbd prgallebtdeserial contsatiersan thedirsitshidbestempergble dethiec e
‘through the secpnd bus. 2 scts of. parallel data each contai ni hits and
to apply N 2M blﬁrrsg ?%cmZQgﬁn%% AP é?cﬁ‘."gg’“’m .tylelstorage Fei2S H‘lrougﬂ iRe ﬁ‘m{‘ﬁ]s"ﬁ ss'e¥
" parallel data cach containing M bits and apply N/2M bursts each containing 2M bits to
respective data bus terminals in the first set; and
a second set of parallel-to-serial converters ‘coupled to the first and
second buses, each of the pém]le}-to—serial converters in the secbn_d set having M-
input terminals coupled to receive M respective bits from the first bus and M
respective bits from the second bus, the paralicl-to-serial converters in the second set
having respective serial output terminals coupled to a second set of N/2M respective
data bus terminals, the pdraliel-to-serial cbnv%;rters in the second set being operable in
the first opcrating mode to recetve from the storage device through the second bus 2
scts of parallel data each containiﬁg M bits and to apply N/2M bursts each containing -
2M bits to respective data bus terminals in the second set, the parallel-to-serial
converters in the second set being operable m a second mode to receive from the
storage device through the first and second buses a set of parallel data'conta_ining 2M
bits and to apply N/2M bursts each containing 2M bits to respective data bus terminals

1 the second set.



2M bits to respective data bus terminals in the second. set, the
parall el -to-serial converters in the second set being operable in afsegbniis
node to receive fromthe storage device through the first and second buses a
set of parallel -data containing 2M bits and to apply N 2Mbursts each
containing 2M bits to respective data bus termnals in the second set. 1 7
O CT 2005 23 19. The nenory devi ce of césin118,_mherein Nis equal to 32 and
Mis equal to 4. 20. The nenory device claim 18, wherein the storage
device conprises 2N flip--flops, N of which are used in the second

ati -node. 21: devi fr~cl.aimil wh in_t ' | -to-
operating note. 21, The, THARRYIRYbegoly SLAL I o 0cllgy AL AP Lo

paral | el inpetualtediinals coupled to one of the first and second buses to
receive and store the data bits, the first set of |atches further including
.a serial output termnal coupled to a respective data bus ternn inal, a

serial clock term nabgrecshe/ indkyCaQsde 8f GRdh, 18 $RBtdP!thé &idFhiddevice '
receiving a shift control signal allow ng the data.bits to be shifted out of
the first S®DIRgises &Nél@@onaéslg@ﬁﬁh;@l e uedtein dhoteeond gpaptngp@dan out put
term nal generating at |east one status signal indicative of the operating
state of the first set of latches; and a flip-flop set responsive to an
initiate signal and PbsetThesponsi vevikeco a st af ekisi Pnatherand tleaparaigl-tohat  al |
of the datq?ggﬂ%magggggminﬁ;he first set of latches have been shifted out
of the first et or Ta S'responsive to the serial clock signal, the flip-
-fl op having an out pafiriteenofiatcheohpliggla s off DE peeiliel mput @rmimid coupledppl v a.

shift control .gnal  to,the ntrol termnal to low tit...data bits to be
3hifted outor Of e e 10 SEFomdhuses 19 SEEEe MG FIeTRaE (4A: PTG TBF dudet®t 0B The
menpry devileghed figtiar mdifdingherseiifl bliputPREBmbEbotisles &6 | Dkespe@ieeddi® bss -
conprise: a first set of |atches having a set .of M parall eF_iar?put .termmnal s

coupl ed t o *FREas pgtalsipek igrpBabicse VIR Lo ienake? CRNR HEnal FReTIE 8t set
of latches dhifi teBRiroll il GG Ry 1RLAdiRbitOYS PYEERHMBA Y (BOWRQEt bPlakhes

respective r(cjasapt»o%sitx)rg Sto-tﬂ?é Qorc]:?cl s;ignixl,sgdl 2r|1 ogtlpgtc tlénilgalmgggérating at least one status
“signal indicative of the operating state of the first set of latches; and - ‘.

a flip-flop set responsive to an initiate signal and reset respousive to a
status signdl indicating that alll of the data bits stored in the first set of latches have
been shifted out of the first set of latches fesponsive to the serial clock signal, the flip-
flop having an output terminal coupled io the control terminal to apply a shift control
si-gnai to the control terminal to allow the data bits to be shifted out of the first setof

laiches when the flip-flop is set.

22. The memoiy device of claim 18, wherein the parallel-to-serial
. ~ CONVerters comprise:
_ a first set of latchies having a set of M pérallel input terminals .Qoupled to
the first bus to receive and store the data bits, the first set of latches further including 2
serial output terminal coupled to a respective data bus terminal, a serial clock terminal -
receiving a clock signal, a first control terminal receiving a first shift control signal

allowing the data bits to be shifted out of fhe first set of latches responsive to the clock



receiving a clock signal, a first control termnal receiving a first 1551@{:% .
control signal allowi ng the data bits to be shifted out of the first'’s Ll
"l atches respopeisue to the clock WD 02/078002 24 170Cr2 5 PBTTUSEZY03050
signal, and an output term nal generating at |east one first status .signal

i ndicative of -the operating state of the first set of latches; and a first
flip-flop set responsive to an.initi at% si gnal and reset responsive to a
first status signal indicating that all of the data bits stored in. the
first set of latches have been shifted out of the first set, of |atches

responsi Vigneb aeats eripl temawk ssngating ot Mest pRe U sspun alenabnghcalie 9ht
t erm nal tﬁ@ﬁg‘lfrgg%é ?&%{eek@iéfﬁ s&od}tl{\t&%est-%ﬁﬁ” nal to apply a first shift

control sig iTst contro ermnal to allow the data bits to be
shifted out of the firkyBib-ffrtsedtespatdite o ahbiitidtbaignal std fdsefrebpapivesoset ;  a
second set_of - | at ches having a_se ar al.l el i led

t of M input. termnal §.cqu
to. the Selithdiairssigral ineierting tatiald 06 tee frie ta&s&oqﬁﬁ?:g._,.th? stset ghast of
latches bUvEReE, olifgh Ul Oone ARGIEA 1MhBUECsh IO mE utbiedodiOsiBndlopRect | ve

data bus term naf, a serial "clock term naﬁ recelving a clock sfgnal, a
control tbpiophaviegen vipyt krsétad woushd te the Gwhtomtoldegmahl tel dpply afirdtthe dat a

bits to be.shifted.out of the seco set of latches, responsive.to the clock
si gnal , éﬁbéﬁﬂnho' Sd%‘ﬂatltt‘éﬁ?ﬁ Iﬁ"ﬁf c%’étﬁg %‘P?W@'P@talf%ﬁgt?e ‘3‘?{%%352‘6??8 S%éeélt% si gnal
i ndi cati weRé ﬁ}sj@gelnggl@hgsqgheﬁlt@geﬁr&fﬂibrﬁoﬁggg@d set of latches; and a second
flip-flop set responsive to the first status signal indicating that all of

the data bits stor agetonddsbof jatches bextingfa seholcMeraraeldnpaidarmeinalstcoupledt  of

he fi £l h d _ i. ' ' ' |
i cat g P2 Bt eRetiE o SEhe LRCRBRIRST oA EE0NG RIGEERCT.

have beennslhidfriged serid] @fpithernsipeboshpiel th rebictie Statacbipontsinveil ! ® sérd serial |
cl ock signal, the second flip-flop having an output term nal coup@g& to the
control oGk HEMRE 15ppViRgA skehrdsnahi # cORBAL kMgl gResving 1 Ifeconsedbig

of | a1 chor halprhaPonll SRRt MR (1S hRe T Ve el She R aRE A

18, wher eespdariseentontbe clatdsigel, aunpr ostpsat erotywred rgenemmting amlest ess semnor y .
status signal indicative of the operating state of the second set of latches; and _
L " asecond flip-flop set responsive to the first status signal indicating that
a]lof the data bits stored in the first set of latches have been shifted out of the first set
of latéhés- and reset responsive to a second status-.'signa} mdicating t_haf all of the data
bits _Sfored in the second set of latches have been shifted out of the second_sét of
latches responsive to the serial clock signal, the second flip-flop having an output
té_rminal coupled .t.o the control terminal to apply a second shift control signal to the

) ~second control terminal to allow the data bits to be shifted out of the second set of

latches when the second flip-flop is set.

23. The memory device of claim 18, wherein the memory device

comprises a dynamic random access memory.

24.  The memory device of claim 23, wherein the dynamic random access

memory comprises a synchronous dynamic random access memory.



24. The nmenory device of claim 23, wherein the dynam c random accessjﬁﬁﬁpw
conpri ses a synchronous dynani ¢ random access. nenory. i_0O C 2005 WO ' “*' b
02/ 078002 R /52842080 0 25 25. A nenory device, conprising:p@/pkotrogdsot y of
banks of nenory arrays, each of the nenory arrays containing a plurality of
sub-arrays arranged in rows and colums, each of the sub-arrays containing a
plurality of menory cells arranged in r@&hs and colums;. a row address
decoder coupled to receive a row address signal and to enable a '
correspondi ng row of .menory cells-in. one of the sub-arrays of one of the
banks; a col um addr2ss décodesryceuigkechntprisiggei ve a col utm addr ess si gnal
and to enable a‘corresp(indi ng colum of nenor l1s in one of the '

y.C he .
sub-arrays of one of? P& %%W%Ofwanﬁp@eﬁﬁgﬁm%?@affﬁysr('é’c?@?w*henory

commands f Lemify 6P FIR BTy s EnAa%nBwE SR8 Bl S OBIch Alr Bt 9MAkSays QohigmRnsli ng -
to respective nenory corfmands; and a read data path, conprisi'ng: P*M'storage

devi ces eaphrdpepiinbwotycelt orapsal inespeodicebmiist s of data received from each
of - P correspondi ng col ums, of .suh-arr . a first bug,having M.L/2 bits

Coupl od 1o Pent D o E Y R gEeLRT o Botieh B ter Bet SR AT e
coupl ed t o ch¥rbdpandihg fREOITHRKAY BB Y bifSSE thPsubldrilys §88neff tile/bénks; -~ '

paral |l el -to-serial .converters coupled to the first bus, each of the

paral | el -to-serial coavkpneaddresndachder fcovped tretectizg B eglumn adiass sigpatiandfie
coupled to _r ' spective bits from.the fi bus e lLlel .
to-serial ¢ Bﬁb\c}% ?%?esp{gnﬁhrpgtcﬁ%mﬁ Orf%fetmsoe cﬁg\}? ﬂrée cr’fetfslf)gl'eu(:,bf ?r{/ags ég?nlegol?h%l})ta pusf
termnals coupl ed 't 0aaohinasd d&68er@berbbi to Fe28ive GlidnuRy dahmahdisidre b fomMagd each
of the L/2 parallel-to-serial converters in the first set being operable in
“the first GHeRRtIPEEIGIREEORTS! pigpads CPECFRBAVE HRTESPESHNG BRI CCBIFNEGIgh t he

first bus 2LIP sets gf..patabh®l cSakdgach containing MP/L bits and apply
112 bursts each cont aier??ng %M b?ot tgg'r espective data bus termnals in the

first set; and a second sBtMclordgtXevipas atchedpetabiestr state £ oametivebss cbdgphed to

the first and secon busesH f%ach of the glarall | -to-serial converters in
t he second set F&GIVH frwl-n eacH of P corresponding columns of sub-arrays;

a first bus having M*L/2 bits coupled to P*M/2 of the storage devices;

a second bus having M*L/2 bits coupled to P*M/Z of the storage
déViccs; | |
_ a first set of L/2 parallel-to-serial converters coupled to the first bus,
each of the parallel-to-serial converters in the first set having:M input terminals
coupled to receive M respective bits from the first bus, the parallel-to-serial converters
'in the first set having respective serial output terminals coupled to a first set of L/2
respective data bus terminals, each of the L/2 parallel-to-serial converters in the first
Sy set being operable in the ﬁrst. operating mode to receive from the storage device
| through the first bus 2L/P sets of parallel data each containing M*P/L bits and apply .

L/2 bursts each containing 2M Eits to respective data bus terminals in the first set; and
a second set of L/2 parallel-to-serial coﬁverters coupled to the first and
second buses, each of the 'p-arallcl-to—serial converters in the second set having M
“input terminals coupled to rTeceive M respective bits from the first bus and M
reSpeétive bits from the second bus, the para]]el-to—éen’al convertefs in the second set
having respective serial output terminals coupled to a second set of L/2 réspective data

“bus terminals, each of the 172 pamllel-to—seﬁal converters in the second set beiﬁg



i nput termnals coupled to receive Mrespective bits fromthe first budJ8hds
M respective bits fromthe second bus, the parallel-to-serial converters in
the second set having respective serial output terminals coupled to a
second set of L/2 respective data bus terminals, each of the L12

paral-lel -to-serial. converters in the second set being 17u’ cy2l5 26
operable in the first operating node to receive fromthe storage device

t hrough the second bus 2L/ P sets of péﬁallel data each containing MP/L
bits and to apply L/2 bursts each containing 2M bits to respective data bus

terminals in the second set, each of the L/2 parallel-to-serial converters
in the, second %RsFebifeinrfye S oamrtmsimpede tar%%mm Hedteregs depice thyenah t8en ¢ he

storage device fhhough 4rhe sfi Bﬁfgarﬁﬁﬂda%%dconfamr@rgwwi ﬁﬁtm% aph@as | el

- data containing 2MPIL bits and to apply L s each containing. 2Mbits

to respective d@vﬁse%h§mm@mﬁﬂﬁhi@Bﬁmﬂ¥M@ﬁ§€b@ﬁmS§EmHME6nﬂmh@mméﬁﬁﬂvd@eV|ce

of claim 25, wh | to 4.

27. The nenory et\i;llé E”é %r&lﬁ?%’&hilsc%n Tegel}lﬁhel&géﬁesehgflg% 8%%14\%{ ?/lsl gﬂgequal
to 4, and wher ennddRoirscedgfizin hestdBgd devich éirdughshe ﬁ]samétseqogd bizdel RrsetsRfi S
equal to 8 in th nd .q dev:c f.claim?25,
Wherei nthe P PEIST G58 Cottias BB IR REL omivins piFF ot st A e,y
devi ce of cl ai MoZ2&spettive et Bud tenindsialleakodnsetseri al converters conpri se:
first set of latches having a set of Mparallel input term nals coupled to
one of the first and second buses to receive and store the data bits, the
first set of |atches, funtbekend§!deHcBBHra1SaT DS whkkeUP 1§%f;aa1rtals<rpq9| ed to
a respective data bus termnal, a serial clock termnal reéceivi ng a cl ock
signal, a e ioP: anMiinagual éxdi ving a shift control signal allowing the
dat a bits to be shifted out of the first set of Iatches responsive to the
clock signal, and an output terminal generating at |east one status signal
i ndi cative of the op¥r at ilhg nrre desfice bleclain 85, whareinfl it aquihés B aaddMas

Status o ondye KT AREEhRe Mt hyidif o8 REbpd b R ol P RETREY ft’r%? set

of latches nh‘@.me:econd operating mode.

28. © The memory device of claim 25, wherein the P*M storage devices -

comprise P*M flip-flops.

29. The memory device B of claim 25, wherein the parallel-to-
serial converters comprise: |
a first set of latches having a set of M parallel input terminals coupled to

.one of the first and second buses to receive and store the data bits, the first set of

latches further 1nclud1ng a serial output terminal coupled to a respective data bus
terminal, a serial clock terminal receiving a clock signal, a control terminal receiving a
shift control signal allowing the data bits to be shifted out of the first set of latches
responsive to the clock signal, and an output terminal generating at least one status
signal indicative of the operating state of the first set of Iatches; and
a flip-flop set responsive to an initiate signal and i'eset respousive to a

status signal indicating that all of the data bits stored in the first set of latches have
been shifted out of the first set of latches _responsive to the serial clock signal, the flip-



been shifted out of the first set of |atches responsive to the serial 'd4GKE
signal, the flip !l UT I ~UJ 27 flop having an output term nal coupled to
the control terminal to apply a shift control signal to.the contro
termnal to allow the data bits to be shifted out of the first set of

| at ches when the flip-flop is set. 30. The.nmenory device of claim 25,
wherein the parallel-to-serial convertgrs conprise:. a first set of |atches
having a set of Mparallel input term s coupled to the first bus to
receive and store the data bits, the first set of latches further including

a serial gutput.termnal. coupled tp.g respective data bus termpal., . a
Serial ol ol Revinen oPu ERYRH S Rade ISR Vit oty Sens
recei vi ng sighilristths kbhitrokcientinal fosdligvathe datal Wi toGetshiftedatud ob thesfidkbsdpef shi f t ed
out of the,first set of |latches responsive to the clock signal, and an

out put ter#Wﬂﬁ?vﬁﬁﬂépﬁﬂﬂﬁ§°ﬁfs*%ast one first status signal indicative of
the operating state of the first set of latches; and a first flip-flop set
responsive to an initiate signal and reset responsive to a first status
signal indicating tft alTheoperpy daree Iof (Gamy dPedvherin Hee pprUel-igsfady

| atches h egg§g?@gﬁ%§ed out of the first set of latches responsive to the
serial clock signal, the flip-flop having an output termnal coupled to the
first control term rafirsteetagipatghes bavingta sebdf ¥ pacadlel inplut termyimals qospieddo f i r st
control tepmg o _all h I 8 bg_shi.f . flrst set
of | at chesm\%‘h%%l? Setoﬁ”{e?%% %?‘?Sﬁg%ﬁ%pgﬁtéggéégh © ﬁ.rsg %%gﬁgaq%hgg %ucﬁh%F éricg\ﬁdéﬁsé aving a
set of M paerédl loetput ngutindlecopledisca oapaltsd datadbushendirad pnseriabielotlo termiel ve and

store the data.bits, the seco set of latches furth Lncl uding.a serial
outpat -t or MRS 6 AP I SeRtin or SeBErR] oD st e f s soRhat O] L2
term nal rellevitgnle dattigko bk ghifted ot oFahé fish sétif Matclals réspordive togheclhekond
shift control signal all owi ng the data birlts to ge shifted ﬁUt .of. thg second
set of | at &§8d- 2pd SPopupYterpahgrnetaiog o igatapne 15 sams sigmplindicating 9L
gener at i ngtiatoef@siy Qe of GROME: scbéAbiBeshgMal i ndicative of the operating
state of the secon sgt f |latches; and a second fl iEH-rop set res{’pon_si ve to
the first status sigh FSt%{‘Rﬁﬂ@Ets?tﬁESPPH%We to an initiate signal and reset responsive to

a first status signal indicating that all of the data bits stored in the first set of latches

have been shifted out of the first set of latches responsive to the serial clock signal, the
flip-flop having an output terminal coupled to the first control terminal to apply a first
shift control signal to the first control terminal to allow the data bits to be shifted out
of the first set of latches when the first flip-flop is set;

- a second set of latches having a set of M parallel input terminals coupled
to the second bus to receive and store the data bits, the second set of latches further
including a serial output terminal coupled to a reSpecti\.r.e data bus terminal, a serial

~ clock terminal receiving a clock signal, a control terminal receiving a second shift
control sigral _a'lloWing the data bits to be shifted out of the second set of latches
responsive to the clock signal, and an outpﬁt terminal generaﬁng at least one second -
status signal indicative of the operating state of the second set of latches; and
| a second flip-flop set responéive to the first status signal indicating that
all of the data bits stored in the first set of latches have been shifted out of the first set
of latches and reset respousive to a second status signal indicating that all of the data

bits stored in the second set of latches have been shifted out of the second set of



all of the data bits stored in the first set of |atches have been shifted
out of the first set of latches and reset responsive to a second stat s 2005

~signal ingisaidReat hat all of the data bits stored in the wegosdasess of

| at ches have been shifted out of the second set of WD 02/078002 . 28 1 CFIT
2005 PCTI US021 08050 | atches responsive to the serial clock signal, the
second flip-flop having an output terAfnal coupled to the control termnal
to apply a second shift control signal to the second control termnal to
allow the data bits to be shifted out of the second. set of |atches when

t he seconétches gedponpiviestosBte. s@3in} ciivk sgmmbr (nedsegoné fhp-llopahaiing anvpiEpPe n t he

menory deyvice _conpr, ses dynam c random agcess Nepnry. 3

devi ce o?t CER cgﬁ?lealngrtg?e ﬁ’%Pﬁg? %WH‘?T’F@O ?péﬂﬁgn%egg%ggé% %%J%n%)orl y@g%érrlﬁ{s%s a
synchr onodgsofly @anirel (aROGRIN t3CARSS (HEedRA Bits 33 beAsheheduties! thesdeednd setngi | si ng:
conputer circuitry operable to_ performconputing functions; at |east one

i nput devﬁa@%mpébeﬁ%ﬁ%ﬁ@lﬁé}ﬂi’dﬁé‘Pt- circuitry; at |east one output -device
coupled to the conputer circuitry, at |east one data storage devices coupled
to the computer circuitry; and a dynam c random access nenory, conprising:
an array of nenory Xkl | sTler maangey demice o chid 26) whesin dhe anerastgir dsscedecoder
coupled to receive a row address signal and to enable a corresponding.. row
of menor yCEEISES § HYIAEC BICERE AChSEHFUNM addr ess decoder: coupl ed to receive a
colum address signal and to enable a corresponding colum of nenory cells
in the array; a conmand decoder operable to receive nenory commands from a
command bus and to Fdner Bicemewntyrdsiics pfjclains 3 t.owhaep dreddyngmicorandosp eedcsy e

n_e ory Ct?’;mn’%lr‘]ydcso;mpaf%gs g syrn%ﬁr%ngl%tdayna%?ig pahdgngl rz;g:relsss IIIIQI%:OI'Y.

33. A computer system, compﬁsing:

computer circuitry operéble to perform computing functions;

at least one input device coupled to the computer circuitry;

ai least one output device coupled to the computer circuitry; .

at least one data storage dé_vices coupied to the computer circuitry; and
a dynamic random access memory, Comprising:

an array of memory cells arranged in rows énd columms;

-a row address decoder coupled to receive a tow address signal and to
enable a corresponding row of memory cells in the array;

a column address decoder coupled to receive a column address signal

j ' ..~.and to enable a corresponding column of memory cé_lls in the array;

a cbrmnand decoder operable to receive memory commands from a
command bus and to generate control signals corresponding to respective memory
commands; and ' |

a yead data path, comprising:

a first bus coupled to réceive N/2 data bits from fh_c amay;
a second bus coupled to receive N/2 data bits from the array;
a first set of N/2M paraliel-to-serial converters coupled to the

_first bus, each of the parallel-to-serial converters in the. first set having M input -



‘converters in the filcgpnalscowisddy ressie AbresrseHY

set having respective séria

a first bus coupled to receive N2 data bits fromthe array, a seco&d? letlfz{mﬁ
coupled to receive N2 data bits.fromthe array; a first set of N12

‘paral | el -t owespioadoozonverters coupled to the first.bus,, eaar/ofozobeso

paral |l el -to-serial converters in the first set having Minput WO 02/078002 1
7 OCT 2JfI5 PCT/tJS02/08050 29 term na{z% coupled to receive Mrespective
bits fromthe first bus, the parallel- -serial converters in the first set
havi ng respective serial output termnals coupled to a first set of N 2M
respective data bus termnals, each of the NJ2M  paral]el-to-serial _ . :

| _ vebitf g 1o ik Do e BT o
read 2 sets of data {ol@ml fevakhah (G SaMAY Aepddi ketial biPutMeBbinilsi N
each set being coupled through. the first bus, the first set of _
paral l el -to-serial cuopledrtt efisst faiof NEM ireparyvofadz bind terminalsreacl oF e NPdr at i ng

- nmode to apply NI ZM bur each cont ai.ni 2M hi.ts to respective data bus
terminals in the fi rE?alzei'?cf'senﬁlp“cfnﬁer?’égclliﬁ]gf‘g bt s fbeﬁgmg P12t LGBl
‘converters . coupl edmb@e tolrbRl £ defs D AN Hors WP fhy REGLDntaBREIMAits! tAE M bits in

paral l el -to-serial converters in the second set having Minput termnals

coupl ed to receive Mackspikaiaasupied dudughribe firie bps, tha st setad panlleltopedali ve

bits fromthe second the,paral lel -to-serial . converters. in th cond
St R N TR D Rt

N 2M respective dat abhbs ehddravhiiaing, 2MeBiedto @éspbdiive Na@Vus painédalsah theofisedet;al
converters in the second set being operable in the first operating node to
read 2 sets of data #bmthe array each containing Mbits coupled through

the second bus, the second set, Qf,RakaLt gm%-a&%i-@lsgﬁ%\ﬂ%g@éﬁéw ggﬁtﬂaer

bei ng operable in the first operating node to apply ursts e
contai ning 2M bits t therfspent secendhtsas, buash o€rthe paaBelito-serfrd wevaeds gethe each

of the NN2M parallel-to;serial .converters in > second ,set bei erabl e l-
in a. second operat Feﬁ&nqﬁfg avf@ﬁié’?&tﬁ 188's GPURFEL '] FFDR Y AEPY Vﬁ@%%ﬁ?‘ai ni ng
2M bits coupl ed t hr giglisitithg ahd MfesRolheSIBEREN MESREendt H1R, BRGRRU-PRIseAl

paral |l el -to-seri al _ ) . L - o
converters m the second set having respective senal output terminals coupled

to a second set of N/2M respective data bus terminals, each of the NJ’ZM'
parallél-to—seriai converters in the sécond set being operable in the first
operating mode to read 2 sets of data from the array each containing M bits
coupled through the second bus, the second set of parallel-to-serial converters
further being operable in the first operating mode to apply N/2M bursts each
containing 2M bits to respective data bus tenninalé in the second set, each of
the N/2M parallel-to-serial converters in the second set being operable in a . -
| ' ) second operating mode to read a set of data from the array containing 2M bits
| coupled through the first and second buses, the second set of parallel-to-senal
converters further being operable in the second operating mode to apply N/2M
bursts each contaiming 2M bits to respective data bus terminals in the second

set,

34, The compﬁtef syétem of claim 33, wherein N is equal to 32 and M
is equal to 4.



converters further being operable in the second operating node to aqﬁjg N 2M
bursts each containing 2M bits to respective data bus termnals in the CT 2665
"second sewo g3d7sobhe conputer system of claim 33, wherei n NecIrepuasose o 32
and Mis equal to 4, WD 02/078002 170CCT2U5 PCTI US02/ 08050 30 35. The .
conput er .system of claim 33, further conpprising a storage device. coupled -
to the array, the storage device being-Operable to tenporarily store the
data bits read fromthe array. 36.. The conputer system of claim 35, wherein
the storage device is operable to tenporarily %t re, N bits of data in the
first operating nod&-andlh¢ epprutes systap fj glainh @ sg%hﬁ SIEPHIPRG F10@RS 37.
The conpu : I .0 : i i raple to
t enpor ari }dghscté %?gﬁ%q%it%s%@’%gwﬁ E?Leﬂm%?}?g%%%?ﬁlﬁ ?ﬁéé@g%fgﬁ g'nﬁaﬁ tEipt s of
data in t ldetadstsoned fper dieiangynode. 35. A conputer system conpri sing:
~conputer circuitry operable to performconputing. functions; at |east one
~1-nput device coupled.to the conputer circuitry: - at | east one output device

coupl ed to the conpgger ehd &dthhbtds sydterh @&HaifNSS5,0aharedt HABRr43e \deGRE isOUpl ed
to the conmputer circuitry; an a dynam c random access nenory, conprising:

an array operbimpioytepglorarilystan de bits of detasinghd foel eparstingimase addY b88 oflecoder
coupl ed t% @ec%vgec% HAW. 3 dressd signal and to enable a correspondi ng row
of nmenory & ''s T RE “BHAYE "P%€0l urm addr ess decoder coupled to receive a
colum address signal and to enable a correspondi ng colum of nenory cells
in the array; a conmmand decoder operable to receive nenory commands froma
conmand bus and to déner AbeCHBPHIFOFYSEY 94 |claiRbd P BETHR M FloTagesiesiceiive
MEMDIY operable to temporarily store 2N bits of data in the first operating mode and N bits of

) data in the second operating mode.

38. A computer system, comprising:
computer circuitry operable to perform't:omputing fonctions;
at Jeast one input device coupled to the computer circuitry;
at least one output device coupled to_the conii)uter circiziﬁy;
at least one data storage devices coupled to the éom_puter circuitry; and
a d)ﬂémic random access memory, comprising:
- an ammay of memdry ¢ells arranged in rows and columns;
a row address decoder coupled to receive a row address signal and.t_o
enable a corresponding row of memory cells in the array;
} a column address decode’r coupled to receive a column address signal
~and to cnable a c_orresj)onding colummn of memory cells in the array;
' a command decoder operable to receive memory cofnr_nands from a
command bus and 1o generate control signals corresponding to respective memory |
commands; and '
a read data path, comprising:
~ a storage device operable to store 2N bits of data in a first
opemﬁng mode and N bits of data in a second operating mode;

a first bus having N/2 bits coupled 1o the storage device;”



commands; and a read data path, conprising: a storage device operable to
'store 2N bits of data in a first operating node and N bits of datali/ii(3d 2065
second opemas inmgsomde; a first bus having N 2 bits. coupl ed tprrdmnss086age
devi ce; WO 02/078002 170CT2 5 PCT/ US02/ 08050 31 is equal to 4. a second bus
having N2 bits coupled to the storage device; a first set of .

paral l'el -to-serial converters coupled to" the first bus, each of the

parall el -to-serial. converters in the first set having Minput termnals
coupled to receive Mrespective bits fromithe first t he Qar.al | el -

bus,
to-serial converters in the f3esendus haupe Ny Pitsgompledio the siorage d6itep ut

termnals coupled to a first,sgl &f}o%%%élg@@&%icbgva.%}sacg}ﬁ&dttgrtﬂg RAkS, the.
paral l el -to- serial converters in the first set being operable in the first

operating node to beseande of thenpardiel-st-wrialgeontenirs én tthy Gy eittiaeing iM supubus 2

sets of parallel data each containin bits a I byrsts..each
~ containing 2M bits %edmn-’r-aéss(ﬁ?élg’lefl\}%r%ﬁkvgh)f\)ﬂff?etcﬁyﬁgﬁﬂﬁggi 1%3 yﬁi%ﬁ kjlgtpgrsag?elf “and a
second set -of paral k@berfaDvieitars 16 ARY Gt 86tSha&AiEPleBfbctife kR Toltpet term@ingls Second
buses, each of the parallel-to-serial converters in:the second set having M

i nput terminal s coupfided ty # sisvieofNZbErapactive dif thas fiergrmald dhef papadlel-tobys  and
M respective bits fr ong, bus e._par .- t.o- [ werters

in. the second set ﬁ%\%%é&%g%e%g?%gmssee&?glf]ggﬁg%{ﬂ Tetfr])?rl-ﬁﬁsgf)@r%h%ggﬁ(oeatt(?o a
second set of N 2M resive dioinvihie Sidtage derdcd tRfolpin tHeSirstitue 238t af peillel diseach al
converters in the second, set bheing operable in the first operat] n% node to

receive fromthe sCOFagIeqditels e apidh NRM Jweshhpaghy coptaies 24 Pt | el
data each contai ni ng ct%fd%a%ﬂéjtehﬁin?@mtﬁeﬁﬁs%%t,bwds"S each containi ng 2M

bits to respective data bus termnals Iin the second set, the
paral | el -to-serial convert er sasstohthectsé paalieldeiserid) @onygereperoapledta the &rgecond
mode to receive f I’Qr;pné_ Q%o%_ %Exge%,e e:g: 'Voifctﬁe %Jat}gl?elfgg-serial converters in the second set
having M input terminals coupled to Teceive M respective bits from the first
bus and M respective bits from the second bus, the parallel-to-serial converters
-in the second set having respective serial output terminals coupled to a second
sct of N/2M respectivé data bus terminals, the paralle]l-to-serial converters in
the second set being operable in the first operating mode to receive from the
storage device throu gh the s.econd bus 2 sets of parallel data each containing M
bits and to apply N/2M busxsts each containing 2M bits to respective data bus
terminals in.th_e_ second set, the parallel-to-serial converters in the second set
being operable in a second mode to receive from the storage device throngh
. _ the first and second buses a set of parallel data containing 2M bits and to apply
N/2M bursts each containing-2M bits to respective data bus terminals in the

sccond set.

39.  The computer system of claim 38, wherein N is equal to 32 and M
is equal to 4. ' '

40.  The computer system of claim 38, wherein the storage device

- comprises 2N {lip-flops, N of which are used in the second operating mode. )



the first and second buses a set of parallel data containing 2M biiz ﬂf‘ﬂ Fo -
apply N 2M bursts each containing 2M bits to respective data bus ,C { AP s
in the sewondos&bz 39. The conputer system of claim 38, whecesesose equal
to 32 and M 40. The conputer system of claim 38, wherein the storage device
conprises 2N flip-flops, N of which arg used in the second operating node.
WO 02/ 078002 PCTI US02/ 08050 32 41. A c uter system conprising: conputer
circuitry operable to perform conputing functions; -at |east one input
~device coupled to the copputer circuitry; . at |east one output device
“coupled to the conplit-er PP ERIEFSSERy CPPHSPEone data storage devices coupl ed
to the computer Cir gildiotoirdilily ofertblO/PelolPRARIRE RERRORENDr Y, COMPI i Ng:
a plurality of banks of. nenory arrays, each of the nenory arrays
contai ning a pl ur al ittlgaspénesujmtarviey®upled Rriecmputereiwuigng col urms, . each of

the sub- arrays containjng a plurality of. nenory cells.arranged in rows and
col urms; a row addrgg%ast‘a%ﬂgg“tgﬁ‘ﬂ?ﬂcé’épl?‘{)torﬂéeccé’ﬁé&éQF-S ddr ess si gnal and

to enable a correspongdi &g dau@hgd RIRENoGRE] & thd c@Pg&lcilcbigrysing- arrays of

~one of the banks; a columm address decoder coupled to receive a colum

~address signal and2fFEERGINE0 G BIPEHEPHELEBE UM of nmenory cells in one |
of the sub-arrays of one e (hs X nd..d d E&Hr
iP g%?]gtg] Oclzc(t;crf rﬁ%f @5@8 nd to gée\cﬁe(rﬁgihgp%on %Intag? ghal s

recei ve nmenory conmmands
correspondi ng tontdiesipecplafinefsublarragoatagsdsin rawd aad cekthnd atah phtie, sub-
conprising: P*M storage, devi.ces each operable to ,store a r(§specti ve bits of

data received PPBh @RS WG SYENE! G5HS LGS 19S SUheAFPEYs; a first
bus having ML/ 2 bits coyupedadfssIecMe: &:rupl'%ﬁ'?o %c@fv@gterow_add:ess signal and to

3 ~ enable a corresponding row of memory cells in one of the sub-arrays of one of the

banks;

ot

a column .address decoder coupled 1o receive a columm address signal
“and to enable a corresponding column of memory cells in one of the sub-arrays of one
of the banks; |
| - ﬁ-command decoder operable to receive memory commands from a
command bus and to generate control signals corresponding to respective memory
commands; aﬁd | 7
a read data pa:th, comprising:
_ P*M storage dévices each operable to store a respective bits of
data received from each of P correspondinig colﬁr_x_ms of sub-arrays;
) | a first bus having M*L/2 bits cou_pled to P*M/2 of the storage
devices; - _ |

a second bus having’ M*L/2 bits coupled to P*M/2 of the
storage devices; _

a first set of L/2 parallel-to-serial converters coupled to the first
bus, each of the parallel-to-serial converters in the first set having M input
terminals coupled to receive M respective bits from the first bus, the parallel-
to-serial converters in the first set having .respecﬁve serial output terminals

coupled to a first set of 1/2 respective data bus tenninals,_eéc_:h of the 1L/2



devices; a second bus having ML/2 bits coupled to P*ML2. of the stogaggs
devices; a first set of L/2 parallel-to-serial converters coupled to the ’
‘first bus,wede7sbzt he parallel-to-serial converters in thePGi/y862/08ed0
having Minput term nals coupled to receive Mrespective bits fromthe
first bus, the parallel- to-serial _conveééers in the first set having
respective serial output termnals coupted to a first set of 112 respective
data bus termnals, each of the L/2 WD 02/078002 17 r rCT/US02/080S0 33
paral l el-to-serial converters.in the first set bei.ng operable in the first

operating node to . rg@@ligktorsetsh oneristdr digdigtest kg mepbisn et RSTatBEs
2L/'P sets of = parall %of@%o%@e%é‘ﬁf?@%@'sgyg{% dg@@é 'ﬂu@ﬁrﬁhsthé'}ﬁstaﬂﬁ'ﬁdl/sgts Rygr st's

each containing 2Mbits . to respective us.termnals 1n the first set;

and a second set of Lyp=allehdad tzehcomaisegiMTP/Lbity end gipdy /@ bptsékatiocetigningi r st

and second buses, eac the parallel-to-serijal .c%gs\é/erters in the second.
0P B

f
* set having Minput t ﬂl%ﬁéfosrf’si?ﬁffmeé'ﬁaPBSP‘érE’é‘Wé“ Aflve bits fromthe
first bus and Mrespective bitg sfeamsting 198 eIt rid REnvRAER I cbBled ayl-@er.l al

converters in the second set having respective serial output termnals
coupled to a second et angfsetond tuessperchiof ghedprarallehissseriel ¢rinvettess incthelseaphdt he
L/2 parallel-to- serial.converters in the second set in erabl.e i'p the
first operating node e(k)havrué%g{PgnﬁeW?]ﬁéméﬁq%‘f&greec%&/Rg%esﬁff%(rag%éﬁs 1% ¥&cond
bus 2L/ P sets of parafilsbus gt 81 eaHEHOO Hidi fiinh GhdVEdebhd bid, Shanekaha-appka L/ 2
‘bursts each containing 2M bits to respective data bus termnals_in the
second set, each of tfaveges Bdhasdoand sof badeg eapecvnseapt QIRItiigmings CBplsAd set

bei ng operable in a seGandfRdes e Bl ferliecSLk BBe ML B OuG
the first and secondsﬁusesn‘lﬁ se sm%p% peara e ata’ contai ni ng‘5 gl\“?JL bits
andito apply L/ 2 bur stesalaaterienih dieseagd s&Mehigtopertiole irethp Gcdt ioparatilgg raodetts
termnals in the second .seI:r.- 42. The 8onpu er. stem of, cl zilﬂgn 41, Wneﬁ'qi n P
is equal to 8, Lis - receive Irom the storage device through the second bus 2L/P sets of parallel
data each containing M*P/L bits and to apply L/2 bursts each containing 2M
bits to respective data bus terminals in the second set, each of the L/2 parallel-
to-serial converters in the second set being operable in a second mode to
receive from the storage device through the first and second buses L/P sets of
para]]t_a} data contaiming 2M*P/L bits and to apply L/2 bursts each containing

2M bits to respective data bus terminals in the second set.

42.  The computer system of claim 41, wherem P is equal to 8, L. is

_equal to 8, and M is equal to 4.

43.  The computer system of claim 41, wherein }is -equzﬂ to 8 and M is -
equal to 4, and wherein P is equal to 16 in the first operating mode and P 1s equal to 8

in the second operating mode.

44.  The computer system of claim 41, wherein the P*M storage-

devices comprise P*M flip-flops.



~equal to 8, and Mis equal to 4. 43. The conputer systemof claim4l,. .
wherein | is equal to 8 and Mis equal to 4, and wherein P is equal 1 BEh &
in the firwbDoopesoating node and P is equal to 8 in the seceocd/uspenstsing -
node. 44. The conputer systemof claim4l, wherein the P*M storage devices
conprise P*Mflip-flops. WO 02/078002 34 1 71 vu i BE PCT JS02/08050 45. A
met hod of transferring data froma neno¥¥ array in either a first -operating
node or a second operating node, the nethod conprising: prefetching a first
set of 2N data bits in the first operating node; prefetching a second set
of N data bits in tHé.sedonstiogerfatansfernivgelats drather fiemory gpeayani eithordde,
transferriﬁ% Lhe first set of éﬁl dat a bitsetgjﬁi 2%4 a_ata bus termnals in o
respective LPRYRUE RiogFOr  $eeold gPFRNPR BUE HisimEhe SPTRESMSde, transferring -
t he second set of dajrafelihlnfy 4 first Mt Q80N dpsbite hiihedinst dperafidiimbdeof N M bits.
46. The nethod of claim45, wherein the act_ of prefetching a first, set  of

2N data bits conpri J8skeighing g sacend sry oNNRata bHF i» the ssrencheperatis Jroder ay in a
first read operation; r i ae) : r%gna ; ina
- second read operati %_tﬁ%%ﬁ%ﬁiﬁ% %@%P%@F%hé?éﬁg%?ﬁft e é%étﬁ?)%&y

pr ef et chi ngMadata bed tesminalob réddectintechubvstt 8f Bidmpbitsemdpr ef et ching 2N data bits
fromthe nenory array Ln a single . read oper_?ti on Tfllg The, et I}od o{)_ claim
45, wherein the act 1Bfh¢ peeeud opsriipg mpdes rpaylerrmg therseeopdyseliof dafa,ddfogat a -

bus term ng{ gk B}ﬁ &speehd M%%éto?l\ﬁfwdf% Mbits in the first operating node

conprises: transferring a first set o paral l el data bits;

_ 46.  The method of claim 45, wherein the act of prefetching a first set
] 61’ 2N data ;bits comprises: o _
| | prefetching N data bits from the memory array in a first read operation;
and | | |
prefetching N data bits froin the memory amay in a second read

opcration.

47.  The method of claim 45, wherein the act of prefetching a first set
of 2N data bits comprises prefetching 2N data bits from the memory array in a single

. read operation

_ 48.  The methed of claim 45, wherein the act of transferring the first
) ~ set of data bits to 2M data bus terminals in respective bursts of N/M bits in the first
opérating mode comprises: B
transferring a first set of N paraﬂcl data'b_its';
transferring a s.eco.nd set of N parallel data bits; ) o
converting the 2N transferred data bits to 2M bursts each containing
N/M bits; and SR o

coupliﬁ g each of the 2M bursts to are respective data bus terminal.



transferring a second set of N parallel data bits;. converting the ﬁl\li . .
transferred data bits to 2Mbursts each containing NIMbits; and c Upﬁg%éfm
“each of theoaibsmwsts to aré respective data bus termninal. \HOWRIQRPG02 35
to 4. 17 OCT 2005 PCT/US02108050 49. The nethod of claim45, wherein N
is equal to 32 and Mis equal 50. The m;tshod of clai m 45, -wherein the act of
transferring the first set of data bits“to 2M data bus termnals in
respective bursts of NNMbits in the first operating node conprises:

transferring each data bif in the first t of N parall ta pjts fromthe
memory array to respecti \?féhefm? ngG[aé@e%g&heﬁeé’%}\Pfsr%fg’r??ﬁﬁd Bisa%t a bit
in the secgyy set. of .N parallel data bits from the nmenory array to

respective second storage devices; transferring the N data bits in the first
storage devices to 2M parallel-to- serial converters; transferring the N

data bits in the second orage devi ces o the 2M, parallel-+0-seki '
converters; using t%}%ﬁ%&lg?ﬁ@pﬂ%ﬁ@g}%gm Bhive ceag%é O{f & aggl%&gf%{hf: ﬁiéStZN
transferr ekt ofadata Bitd S0 0N dMalbisstan@hlssiariedlecdos dupachf DUM dithinteMrdd bi ts;

and applying the 2M bursts to respective data bus termnals. 51. A nethod of
coupl i ng depafRHMede fEMPE§earray to data bus terminals, conprising:
transferring froma - | : { f ek I rm,gg nd N
bits of data in a sgf:%{ﬁgaﬁgéyg@ ﬁ%aﬁ%%%?ﬁn?%&ﬁtg‘fﬁﬁ:%@ﬁ g%lﬂsaﬁtrsre % rough
X sets of nkensegagayio hapeonyedio siddagotiewkeds;ts; converting the transferred

paral lel data to serial data; and anplying respective burshs pf, serial data
the memory array to respective second storage devices; |

| transferring the N data bits in the first storage' dcv"ices to ZM ]:iarallel-to-

serial converters, ' ‘ ‘
| fran_sferring the N data bits in the second storage devices to the 2M

parallel-to-serial converters; _

| _ o ‘using the 2M parallel-to-serial converters to convert the 2N transferred
data bits to 2M bursts of serial data each containing N/M bits; and )

applying the 2M bursts to respective data bus terminals,

51. A method of coﬁpling data fr.om a memory array to data bus
_terminals, comprising: o
~ transferring from an array 2N bits of data in a first operating mode and N
- bits of data in a second operating mode, the data being transferred through X sets of
buses each having a width of M bits; |
| converting the trahsferred paral_lel défa to serial data; and
applymng rcspectin_: bursts of serial data to 2Y data bus terminals in a
first _inode and Y data bus terminals in a second mode, each of the bursts containing
N/Y bits, | | | |



first node and Y data bus termnals in a second node,. each of the bﬁr@ﬂgggg
containing NY bits. T-WD 02/078002 PCT/ US02/ 08050 .36 52. The net hod of

“cl ai m 51, WiRé2878892 he act of transferring the data bits frBEI/EARE/ SRy
conprises transferring the data bits through. N M sets of buses each having
a width of Mbits. 53. The method of clgfm 51, wherein the act of .
transferring 2N bits of "data fromthe array in the first operating node
conprises: transferring N data bits fromthe nenory. array in a.first read

operation; operatio transfersi N, data hits .fromih . ar. in a
second read 54. Thenjr%ét h?ﬁe(ﬁ@é?cilg&c . %ﬂ&%e?%mttﬁ%agc&m%%ﬁgf%g%ﬂﬁg 2N
bits of dsitafrbiotictahey sompisdsirddi€erting sie dpebas ingugtoNeVicetyufitasss cach
transferring .2N data bits. fromthe nmenory array in a single read operation. -
55. The metaiaws aigihefdgts. wherein the act of transferri ng 2N bits of data
fromthe array in the first operating node conprises: transferring N data
bits fromthe nenory array to a first storage device 1in a first read
operation; transferridng Nhedadthodof slafim 6 wherehstihe ayt diirapfdrong 2ddsd
storage devi %e in a secorlgfg;%ad operatiqn; transferring the 2N bits of:

i nfor mat i offRHERR ¢ 3yrat it QREERBE B8P SHEPHEST ces_ 56.  The net hod of

clai m 55, wherein thexafdrfd N AR TFdr SheZNeRotP ahy hﬂgtfastfr%mrb%é}@tiéﬂ;omthe |
first and second storage devices conprises: trarnsferring N data bits from
the first mdbrage device through an N-bit bus; an transferring.N data bits

fromthe second st Ort?a%%fegr%\{écﬁ }iggmoﬁlﬂsh éorx]'g t|}\1|ébr'ntem%¥3§'array in a second read -

operation,

54. - The n;et‘nod of claim 5 1, wherein the act of transfening 2N bits of
data from the array in the first operating mode comprises trénsfe;n‘ing 2N data bits

~ from the memory array in a singlé read operation.'

55.  The method of claim 51, wherein the act of ransferring 2N bits of
data from the array in the first opefating mode comprises:
| traﬁsferring N data bits from the memory array to'a first storage device
in a {irst read operation; - | _
' transferring N data bits from the memory array to a second storage
_d'evicc in a second read operation; _
transferring the 2N bits of information from the first and second storage

devices.

56. The method of cl:ﬁm 55, wherein the act of transferﬁﬁg 2N bits of
data from the from the first and secon& storage devices comprises: . '
uansfeh"ing N data bits from the first sfora’ge device through an N-bit
bus; and | . | | - _

transferring N data bits from the s¢cond storage device thfough_ the N-bit

bus. :



1 7 GC,- 20 [15 WD 02/078002 37.. PCT/ QS2/ 08050 57. The.. et hod of c% ?i, %U’"
wherein Nis equal to 32, Mis equal to. 4, and Y is equal to 4. 58 ‘Igl’ré 1
“net hod of wl@om7B0s2 wherein the acts of transferri ng 2" N bi trECT/as02¢8tsa from
the array in the first operating node and transferring N bits. of

information in the. second operating nodg, conpri se: transferrlng_N data bits
fromthe nmenory array in a first read operation in the first operating '
node; and transferring N. data bits fromthe rrermry array in a second read

~ operation inthefirgi op@atlnggoﬁdglﬁ alrgg h@r rlng %&P blts {omthe
~ nmenory array in a-first QP HAT Py 1 P B9. _
~ The rrgt hod4g§n§hfagbr5h§§.1to\merel n the acts of transferri ng}eZN blﬁft&s of dat a

fromthe array in the first operating node and transferring N bits of
information in the second operating. node conprise: transferring 2N data

bits fromthe nmenory rr in a, first, rea ratlon ne t he f .0 ratlng'
node; and transferri ﬁg 51%{1?030”18}“113 ﬁ’s "?’ci;sa?/f]ir?‘}]séel#méé &ad
operation ofruettﬁeﬁaﬁp@m ARG 3 11he MRt dpehffing ThﬁldﬁEﬁl’i@(ﬂmﬁﬁfeﬁﬁl’g N Blts wherein
the acts of transferring 2N bits of data fromthe array in the. first

operating MHaBEDgEHeR i hesresnd erpraling medeeomprisftor nati on i n the second

oper ati ng node conpr t rst
cot of N data bi st vaniietihd Rads bR RRCRRUHRIbOp i I AR GE Ofleidd
read oper ahn&mfusnoﬁdfratxﬁgnﬁdeoam ating rmde transferring the N data bits in

the first set fromthe tora evice; .in the first operating-no
transferring a seconB‘aE d‘g‘{ti’a st Erom ¢ Wﬁgo%ﬁ% ;Y 18r f*a‘iPc?‘bdetrﬁ?éj

st or age de\bb@ﬁ‘ati’oﬂ iR tl%@ﬁ%@gpéx%ﬁﬁg‘ﬁ%'éa&ﬂd)n

Sy S transferrmg N data bits from the memory array in a first read operation

in the second operatmg mode.

59, The method of claim 51, wherein the acts of transferring 2N bits
of data from the array i the first opcratmg mode and transferring N blts of
mformatlon in the second operating mode comprise: "
) transferring 2N data bits frorn the memory array 1 in a first read operatmn
in the. ﬁrst operating mode; and | | |
' tran_sfernng N data bits from the memory array in a first read operation.

in the second operating mode:

60 The method of claim 51, wheremn the acts of transfemng 2N b1ts
of data from the array . in the first operating mode and transferring N bits of -
mformat}on in the second operatmg mode compnse" _ _ _

in the first operating mode, transferrmg a first set of N data bits from the
memory array to a storage device in a first read operation; |

in the first 0perat1ng mode transferrmg the N data bits in the first set
from the storage device;

in the first operating mode, transferring a second set of N data bits from

the memory array to the storage device in a second read operation;



R

WD 02/ 078002 38 PCTI US02/ 08050 in the second operating node, transf?ﬁarngg‘ ﬁ
first set of Ndata bits: from the nenory array to a storage device'i 4l
first readvopsei@eizon; and in the first operating node, trafIEEs62§030he N
data bits in the first set fromthe storage device. 61. The nethod of claim
51., wherein the act of transferring, e first set of data bits to 2M data . -
bus termnals in respectlve bursts of Mbits in the first operating node:
conprises: transferring each data bit inthe first set of N parallel data

bits fromthe nmenor rray t0 respective first.storage de errlng-
cach data bit in ¢ Oeel e IR srh s 3 TRESE O N R BRer,

array to npspesbhyargeeansdo ﬁB@H@ﬂeeﬁﬁi/ﬁfS@ﬁeadtdp%B&i@i ahdg the N data bi ts in
the first storage devices to 2M parallel-to serial converters; transferring

the N data bits in Phifesléshaperating aydedewdesingothendd dats byaimthefutiseterial
convert-er i 2M.paral l el -to-serial converters. to convert the 2N
transferrtsafgm[‘[lﬁjcf%gom ce%ké'vwlt:(“g 2M bursts of serial data each containing NM
buts; and applying the 2M bursts to respective data bus termnals. 62. A.

Compnsra: 7 anst o1 rohg PRRPRIPOAAEANG b vEeR et 8 S Pt
mode and Net bf §ta Blts Qéfm \data t&l&tt%nhlgﬁ@ %Eﬁﬁénw%rsté BE DRI Bits 1 tHeahidy being

transferred fromthe array usin s having a width N, converting the
t r ansf er r egpeppéingImagle cvapuisey seri al dat a, and appl yi ng respective bursts of

S o s AR A KR T R LR
02/ 078002 memory array to respective first storage devices;
) transferring each data bit in the second set of N parallel data b1ts from'
 the memory array to respective second storage dev1ces _ _
transferring the N data b1ts in the first storage dewces to ZM parallel-to- |
: senal converters ' |
transferring the N data bits in the second storage dcwces to the 2M
: paral]el—to—serlal converters; | _ '
using the 2M parallel-to-serial converters to convert the 2N transferred
data bits to 2M bursts of serial data each containing N/M bits; and -
~ applying the 2M bursts to respective data bus terminals.

62, | A method of couplmg data from a memo,;;y an'ay to data bus
' terminals, compnsﬁw ' _
transfemng from an array 2N bits of parallel data in a first mode and N _
bits of parallel data na second mode, thc parallcl data bemg transferred from the array
using a bus havmg awidth N;
conve*tmg the transferred parallel data to serial data; and
- applying respective bursts of serial data to 2M data bus texmmals ma

first mode and M data bus terminals in a second mode, each of the bursts containing
N/M bits.



3917 OCCT 5f vV Lu PCTILUS02/ 08050 63. The nethod of. cl aim62, wh r—er{j
the act of transferring the'data bits fromthe array corrprlses transfeF HbJ
t he dat a bwostztohig@agh N M sets of buses each having a w dt PEFUMERESE. 64.
The nethod of claim®62, wherein the act of transferring 2N bits of = data
fromthe array in the flrst operating ngge conprises: transferring N-data
bits fromthe nmenory array in a first d operation; transferring N data
bits fromthe nenory array in-a second read operation. 65. The nethod of
claim 62, wherein the act of transferring 2N bits_of %tafromthe rray in
the first operati ng Mode %ﬁﬁﬁh§é§ft°ﬁ3d’ﬁls%er‘?’hﬁﬁmzﬂ}%%é’ rapst enﬂ%ﬁetq%@
menory arr @gﬁ erein
t he act of %%fsrgﬁ errl ng%f % %ﬁ&gﬂggw&?%% gﬂg&?gg&ﬂsﬁh%f?ﬁ%ﬁ
operating. hudmgawlﬁthm‘dstbﬁsransferrl ng N data bits fromthe nmenory array to
a first storage device in a first read operation; transferring N data.bits
-fromthe nmenory array to a second storage device in a second read '
operation; transferréng tm BBholbof Slagh 62NVBERS B ack b Wabdterriro B¢ banes
second storage devi ces. The nethod of claim62, wherein the act of
transferri dgaﬂwmth%wymdheﬁmppmatmgmdg@mwmrst and second stor age

- devi ces conpri ses tr nsf.er.ri s from.t i.rst 0 e ce .
t hrough -an N-bit bus, ansﬁdnpgg\ﬂggg%;{ ?F@”fﬁt‘ aT%lenf) qmia& ugE S(%?g) ha s ‘;6%? age
devi ce threangh the N-bit bus. WD 02/ 078002 17 CCT 2065 :

- transferming N data bits from the memory array in a second read

operation.

65.  The method of claim 62, wherein the act of transferring 2N bits of
data from the array in the first operating mode comprises transferring 2N data bits

from the memory array in a single read operation.

- 66. . The method of claim 62, wherein the act of transfcfring 2Nbitsof
data from the array in the first operahncr mode comprises:
transfenmg N data bItS from the memory array to a first storage device
in a first read operation; |
transferring N data bits from the memory array to a second storage
device in a second read operation; | | :
Sy | transferring the 2N bits of information from the first and second storage

devices.

67.  The method of claim 62 Wherem the act of transferring 2N bits of
- data from the from the first and second storage devices comprises: ' |
- transferring N data bits from the first storage device through. an N-bit
bus; and | I | o
| : transferring N data bits from the second storage device {h'ro'ugh the N-bit
bus.



PCTI USC2/ 08050 40 to 4. 68. The nethod of claim 62, wherein Nis eqyal [:p%qu
and Mis equal 69. The method of claim62, wherein the acts of tran fefr [
2N bits ofodavaedzomthe array in the first operatitg noderemeiSex@esierring
"N bits of information in the second operating node conprise: transferring N
data bits.fromthe nenory array in a first read operation in the first :
operating node; and transferring N dat ahits fromthe menory array in a _
second read 'operat'i on in‘the first operating node; and transferring N data
bits fromthe rrermry array in a first read operatron in the second
operating node. 70. 6%he die msthaest oltlainnpgwh %m@r]grlﬁeﬂlh%t%égﬂéﬁwﬂsr%@errrng
2N bits data fromthe array in the first operating node and transferring
N bits of "information in the second operating node conprise: transferring
2N data bits fromthe rrermry array inafirst read operation in the first

operating node; and _tran err N.dat a fro the arr :
first read operati oﬁb in Hﬁc Bﬁ%ﬁgt?" & QFEFPI%% %b’ftscl aim
62, whereigr hhe A6hS BE ;L—r ﬁt%é'ﬁr@t %ﬁa%ﬁﬁ ko UBiE QMRS NITAY of N the
first oper ati ng node andt ansferring it§ of information Tn the second.

oper ating mfmmabomprﬂ’@esecmdmr&mngme@wmpmm nmode, transferring a first
set of N data bits fro th ar a_storage vice.in a.first
read operation; in ltrﬁgn%ﬁ'rr] N ‘ﬁgg{t¥ﬁ6“?r§%eeme{nr"%§?8¥%ﬁ T & ORI 1 s i n
the first ig¢he ﬁlfsrfag@tahgcsﬁ@reagﬁi device; in the first operating node,
transferring a second set of N data bits from .the nenory array to the

storage device in atgegisming dhadaspdriat from th@mgmlbe@vzymp a second read

operation in the first operating mode; and

) transfernng N data bits from the memory array in a first read operatlon

1n the second operating mode.

70.  The method of claim 62, wherein the acts of transferring 2N bits
of data from the array in the first Operatm0 mode and transferring N bltS of
" information in the second operating modc compnse' _
_ transferring 2N data bits from the memory array in a first read operation
in the first operating mode; and - - L "
transferring N data bits from the memory array in a first read operatson

in the second operating mode.

- 7L The method of claitih 62, wherein the acts of transferring 2N bits
 of data from the array in-the first operating’ mode and transferring N bltS of
| information in the second operating mode comprise: _ _
in the first operating mode, transferring a first set of N data bits from the
memory array to a storage device in a first read olperat.ion; |

_ in the first opcrating.'mode, transferring the N data bits in the first set

- from the storage device; ' | _
n the first operating mode, transferring a second set of N data bits '.from

the memory array to the storage device in a second read operation;-



S s

17 OCT 2005 PCT/US02/ 080%$0 in the second operating node, transferrTi n% a
first set of N data bits. from the nenory array to a ‘storage devil del§inl

first readyg8Rshaseon; and in the first operating node, trangtgfysongsoshe N
dat a bitsq?’n. ;tozée ?i rst set fromthe storage device. 72. The met hod of

claim 62, wherein the act of transferring the first set of data bits to 2M
data bus terminals in respective bursts4af NNMbits in the first  -operating
node conprises: transferring each data bit in the first set of N parallel
data bits fromthe nenory array to respective-f rst storage devices,;

transferring each dahah®kécond dpeeatiRCOO S@hsfetring padirad deebf Nadaa bitd Fofor om
the nmenory array to respective second storage devices, transferring the N
dat a bits th§ TRGIBOTY &Y Brepiiexgge device 4l a fisst peadenesatian; 288 serial converters;

transferring the N %Hﬁe?%‘? o{aﬁaﬁﬂg éﬁﬁgﬁgﬂﬁ%ﬂ%g@gdﬁvaﬁggﬁgg]ﬁttﬁbeﬁ?slé/lget

paral | el -to-serial converters; usi a |'-to-seri converters to
convert thfoRNhersanagededce. data bits to 2M bursts of serial data each
containing NNM bits; and applying the 2M bursts to respective data bus

term nal s. ' -

72.  The method of claim 62, wherein the act of transferring the first
set of data bits to ?M data bus terminals in respective bur_éts of N'M Bits_ in the first
operating mode corripris:s: o | | _

' t_ransferring. each data bit in the first set of N parallel data bits from the B
memory armay to respective first stc}ra'ge"dcvices; |
! - - transferring each déta bit in the second set of N parallel data bits from
" the .m'cmor_\' array to respective second storage devices; .
transferring the N-data bits in the first storage devices to 2ZM parallel-to-
scrial converters; ' | ' . |
| transferring the N data bits in the second stor_agé devices to the 2M
- parallcl-to-serial coﬁQéners; - | |
| uéiﬁ_g the 2M parallel-to-serial converters to convert the 2N transferred
data Bils 10 2M bursts of serial data each cohtainmg N/M bits; and | ' |

applying the 2M bursts to respective data bus terminals.



