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METHOD HAVI NG DATA PATH W TH MULTI PLE PREFETCH |/ O CONFI GURATI ONS TECHNI CAL
FI ELD Thiwo bhygmi2i on rel ates to nenory devi ces, and nore partiseuesasdy to a
5 nmenory device data path and nethod that can operate in either a
hi gh- speed, narrow data bus node or a |1OW- speed, w de data bus node.
BACKGROUND OF THE | NVENTI ON Menory devices, such as dynam c random access
menories ("DRAMS"), have a variety of perfornmance paraneters. One of the
nost inportant of 10 these perfornmance paraneters is the speed at which
menory devi c MEMQRYDEYICH ANFAMETHOMHAINGEDATAGA S WITH MUEFBILE devi ces
capabl e of reading and wi t4 t I ¢ ed, known as high
« performance nenory devi ces,ﬂ%ﬁﬁ%ﬁgs&%}gﬁgﬁ}@n@@ﬁversel y, menory devices
that are only capable of accessing data at a slower rate, known as | ow
performance nenory devices, nust be sold at a cheaper price. In an 15
attenpt to Wﬁ@?@gééLtFﬁ%L%perati ng speed of nenory devices, double data
("DDR') rate DRAMB hapgs REERioHEKRIRAE dnerd?R dREMS aRd Sucky PEEARAY S0 PRAVE
that performtwo nenory operations each clock cycle-one On each transition
of each &l oulempry devicel datagpatly pind methDDFhaDRANppardte imeithsr ¢ logi-épsed. matrow
adj acent col L{TTBS ha%i ng t he s?me.dc Iugn address are read each cl ock cycle.
20 Anot her B&F PETHENE 400 sty ﬁg?)t'flllésalﬂ? "to nenory devices is the width
of the menory device's data bus. Wder data buses operating at a given
speed have a higher bandw dth, i. e.. a greater nunber of bits/second can
be accessedB# %MTHEW@T@NDW devi ces, such as DRAMS, generally
have a width of vari %&1&9We§ioﬁs{ Zuch - as€: dynfimicS rarkddm €hé&essPithémorfes The
need to provide nenory devices having différent performance paraneters
gener al | y r EGRAMS")nkavo rywadely iof penfarmancecnaranestess. t OneleSihgmaghiinpostantfcdct ure a
W de variet y of nory devi ces. . For ex I menory .devi ce nyf act.urers
must  dedOgntERuPRLETHIes PataEtel et ool AEnEich SRR Ao Ate 8C .50 5 o
capabl e of ambaitd 88a. Gendy, hbdndoky Qévidel 2apibld iSRdinS ddd-Wihitidg Abtadt a
hi gh-speed and different, relatively inexpensive nenory devices that are
only capabl Bigher spsed.aknang ay high perfirmpagey MeBRLYs HBHeEs: BIof BYOFL ABREBEYE it i s
expensive t i BBRARK j : j
fabricate t%ggfréeér(raog}?y evi ce.1 Tﬁ%ﬂ%ﬁép@ﬂgg%}p fengsaig%égfiﬁ%a%@h%t? g%?%gé%gng a
vari ety of #ndwrereinw nafromgncdevimas devivesngnust b §dlé pemcheperf picsarioan
par anet grs | 2r hat e 1e rapi d.obsql escenc f 18 evices as
newer dgl\?-i Cgti&n?ﬁg&?!%{ ra(%edugg’éeré{}n%?%g‘!\‘/g i ng{yed?evxr Ny g?‘ﬁ%ﬁgﬁ g?iﬁs{m[qﬁer?teef ore a
need for nmeDRAMSawetRsn dewtldpeds DDIBAMRANIN afe sguichrandpaDRANMY thappsrfiing as

ei ther high-speed, narrow data bus nmenory devices qr. a | ow speed, w de data
bus menory G&YFEBOY ﬁﬁrwg'cmdicﬁﬂﬁﬁﬁm / apgitiop %j’%acEG kels¢r om a
MEMDIry arr ayy b @ypatal Eﬂ?&'ﬁw,r{h@ﬂeﬁmﬁb’ceﬁlﬁ anadeLididcest C%Pintﬂsthiviﬂé tiRAdfHel €1 data

fromthe array 1n a first node and bits of parallel data in a second

nmode. The p&elampaddrgsstaze rgaceeach glogk efcleed from the array to

20 Another performance parameter applicable 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, generally have a width of various
powers of 2, i.e, 4, 8, 16, etc. bits.

25 The need to provide memory devices having different performance
parameters generally requires memory device manufacturers to design and manufacture
a wide variety of memory devices. For example, memory device manufacturers must

design and fabricate relatively expensive memory devices that are capable of operating
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paral l el -to-serial converters using a bus having a width of N bits. The
parallel 15 to-serial converters convert the parallel data bits to
respecti wap P86 of serial data containing NN M bits and popluged/dsesdur st s
to 2M data bus termnals in the first node and Mdata bus termnals in the
second node. The data may be transferr@ fromthe nenory array in the first
operating node by transferring first and second sets of N data bits from
the array in respective first and second read 20 operations. Altenlatively,
2N data bits may be transferred fromthe nenory array in a single read
operation. Asaéighespatd andldifferemyrelatively dnesbensivedmemony! deviczs ihes areontynal s at

arelatively hjgh-speed in a hj. erfor ce . no .0or to 2M dat a. bus
. termnal at %@aip%oép%;@trn)g 3t S\K)?]gﬁg%ﬁﬁ’ivvﬁwﬁe 0 fg’ét?rfag$¥tdhlé S PRBFEe chéﬁs’@IE
DESCRI PTI ONe&dh méhorlidoVtdNaR e prod@ssing rkeddd 18 fibritale tHe aghiy advia. MBIROIYy
device in accordance with one enbodi nent, of the invention. Figure 2 is a

- bl ock di agr S¥Restc of desiming andy pricading 4 werieheohditfsrapt memiary dgyicesi ying 1. w
O 112111781 ilifefend pérfotbirb it ahidfekd RlekaberitdaChy3tht Saphd BbREScALAS ABLGy one of

£
several nenory arPay mat s ‘used I n tl‘%fe menory array g# Figure 2. Figure 4 is
a bl ock di agedensaf neywes derfices aveeintibducedaiay evanliaster radgs used in the nmenory

array mat of Figure 5 Figure S is bl ock di agram pof rti,on of a data
path used in the nenoagvred]é\’l%é %2 ﬁeag(frénql}or%ﬁ%vd%é, %‘cﬁgs %%’éhaéﬂrg bl ock
di agram of enebRfofvPMERd aPetirt hiph-=spedsiriod! d4tHBYLmbRLE dsvREs bina tdwe portion

of a data path_shown in Figure 5. Figure 7 is a bl ock diagram of a conputer
syst em usi n§Pechavidp Atz Yusmoeraayidgwcest Fi gure 1,

10 SUMMARY OF THE INVENTION
Data are coupled from a memory array to data bus terminals by
transferring 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 the array to
parallel-to-serial converters using a bus having a width of N bits. The parallel-
15 to-serial converters convert the parallel data bits to respective bursts of serial data
containing N/M bits and apply the bursts to 2M data bus terminals in the first
mode and M data bus terminals in the second mode. The data may be transferred
from the memory array in the first operating mode by transferring first and
second sets of N data bits from the array in respective first and second read
20 operations. Alternatively, 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
terminals at a relatively high-speed in a high performance mode, or to 2M data

bus terminals at a relatively low-speed in a low performance mode.

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

device of Figure 1.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON A nenory device in accordance with
one enbodi nent of the invention is illustrated in Figure 1. The nenory
device i WgstiRb@d therein is a synchronous dynam ¢ randomcaaGesssose nory
("SDRAM') 10, although the invention can be enbodied in 15 other types of
DRAMS, such as packetized DRAMs and RAIgBUS DRAMs (RDRAMS'), as well as

ot her types of nenory devices, such as~static random access nenories
("SRAME"). The SDRAM 10 i ncludes an address register 12 that receives
either a row address or a colum address on an address bus 14. The address
bus 14 is general |y dogusé 2d atdock diegram pf oonefisovdrdmeumoy ag#owsts bsedihgure 20
1). Typical %hé a row ad(ilgess isinitially received by the address register
12 and appl PEPFE LB\ EBiPdss mul ti pl exes 18. The row address mul tipl exes

18 coupl es the row adynfss id Obisck\diakien oFon€ ONPOHEINhENGS SAS-hidyedsaiihh el t her
of two menory hanks 20, 22 dependi ng upon the state of a bank address bit

- form ng par thegemarpargayinal @fFigas 3. Associ ated with each of the nenory banks

20, 22 ig a 25 respegt) r : Whi e r
addr ess, gand a row dcefg%uggrs I%X %ﬁ%?ﬁgﬁ%ﬁ"‘gg ‘%’g‘?%ﬁggﬁﬁﬁﬁgﬁ u%ég }nt @lw
respecti ve memayy d2@icoofPigurag. a function of ' the stored row address. The
row address nultiplexes 18.al so. co es row addresses tq _the row address

| atches 26 for the pUTBESE i Eis PHDIoR AT REMBr) vy Rl 706 %

PCT/ US( 121t ddpldadd ustd @elhb Borkibn bFedAd paAl Sho¥hin BZurelf)e row addresses are
generated for refresh_purposes by a refresh counter 30, which is controlled
by a refresh control ITagwa7 is afbla¢k dRgramogf adempyer fyasMHeEre RBFNFBIYt 0 t he
addresslgegj_.h§vticr:\erof%g’%l gd stored in one of the row address |atches 26, a
colum address is applied to 5the address register 12. The address register
12 coupl es the columm address to acolumm address | atch 40. Dependi ng on the
operating ress is either coupled through
a burst co%&gﬁwgism#g%gﬁgwgﬁd44 or to the burst counter 42
whi ch applies a sequegRmofy defict MMAdsHiaRe 8thloe bMBodhAbi A tiRGEeatSn RUT f er 44
starting at_the col um address out put10by the address register 12. In

ei t her caselllustrtediy Rigiie hdEhenemepryrderice 4%15%?;1 ﬁh@:rgma&e)ﬁsﬁﬁgma%rdég@mso a

col um deco L PR MEH) i . pegti.Vv

anplifiers gdﬁlgoégagxo\%lé g‘?gﬁgﬁ)}sum ci)r %?‘tltﬁé/&ggt!lég{zvg@%?‘ "t%ﬁegreeés?%%?ﬁ%ag arrays
20, 22. Dat aother Bypes eall DRAMs,0mechofas t preketizediyBRADs 2@ i RANBIE ddRANS

t hel5col um ¢i iy 50, 52 .for one.of the arrays. .20, 22 respectively.
The data | sCRREMstas 3418 Stk el Beemap it i s s B
regi ster S6meitotiehFHRAMS ).t NEhdSDRAM B0 didladdsusn %w@atraﬁist@r b2 whditten to

one of the arrays 20, 22 iscqupled frogmthe data bus 58 through a data
i nput regi stSFIVEH cHREr & roW;addregs s fastiumn addresh Onca) 6451446%% busui4-r yihso, 52

where it is fdRashariegd Rerdfh c&lipled o égxf&ﬂoi%aﬂu?ﬁw&g@%tm A mask

register 64 may be used ectively alter”the ata into and out
of the @8 ubh diypisally,rar®0addess suohiakly rbeeival by thevaddyessaegistogdateadt o be

read fromt r.ays. 20 . <descr.i bed, .oper at . of ot he SDRAM 10
is controll grgplge;(,i tgégﬁﬁaaﬁg?%%ygl&@ Q’g%elrge;}%gr{g?"’vagdf%s i‘r@%ﬁersligg%gp ®recei ved
on a congrgthebmimresfhteselﬂim@hl niper | &V ebmponemdn dssoiciptel svithveitedr af lewb)lépi CaIb: y
gener at e anenory. con er.,(not shown in Figure 1), are a clock enable
si gnal CKE* f\é‘e&?ﬂrgg&&?i %)néé %?Il’fl@,d ‘&Rﬂ“ﬁgg Statecef asl?agﬁlffé‘ldd&s bit forgping @atinap| e

si gnal VE*, oft thd Wew HIpis. St ARB6IatddIwah SRR of MRUmemes) Balksaglr £55s gt r obe
signal CAS*, which the"*" designating the signal as active |ow Various

conbi natdSonkespectiveaow addesa laictds avhiehystorce theirays addrspseand egowslenedmls, such
as a read c L: . 12/ ] I} 5

command. Thas caich, Abpis Yaliblh siglliohd hETRpEANE R JS APR Ao )
responsi ve the stoeed oomreatdrass.gn@hs oo addreys aifltiplegerf 1 1cllscoBofey rowa read

S gnal's,  ahAYERE ST E ol FaiRPE LR, OlOE BT RIP A G oS Ry DE ERETRLEY

functions, are conventional. 5 Therefore, in the interest of brevity, a
further explanation of these control signals will be omtted. The read data
path 54 fromthe colum circuitry 50, 52 to the data



out put register 56 includes one or nore pairs of conplinmentary input/output
("1/0") lines (not shown in Figure | ) that couple data froma sense

anpl i fi eny$99h7sds shown) for each colum in each array 20pc2Riso2/08050
respectively. The sense anplifier in the colum circuitry 50, 52 for an
addressed columm receives conplinentary, signals froma pair of
conplinentary digit lines. The digit lines are, in turn, coupled to a pair
of the conplimentary 1/O lines by colum addressing circuitry. Each pair of
I/Olines is selectively coupled by a pair of conplinmentary data |ines 15
to the conpkeliseint the priappd0s22f The WQéahﬁﬁseamm génezated it refilegpyrpP$RS| Uded i n
the read data pa nse ier turn puts data to the
dat a out put %P’édFé’?%]rcq\%,ter%i %’Hlossls 895&@88 Y& rgg{e%h?ongroﬂe “termnals of
the menory device 10. Afigr ehePiod BedeisthadeiezhlapbHbdWwo tlidﬂ@dcﬁ%egﬂsfb@ 1accor di ng

to one enbodi nent of the invention_ includes te als 8 qf which are
-used in 20 @Re storethinpeeal hsgwvaadiress lakc %?ét‘ﬁggé“ eSS 18 ﬁ%pci eMPspeed

node. Ea a M 10
o bur 51 & ofieg e b RILADR TheGRURSE foahitil F) BRI B0 e A T o

2. The menorcyluany addrm laﬁhl%e@e;&ndmgmwtharqmgatﬂl@an@de aDtha-IDRAM H&d into 4

undor st oot HRAPOIPHE: FAAEEH PP Py SuPlnd ot 5 hERyoRues AP et iin,

greater or lag&%ed bﬁnﬂém oBlo BRI tiEst Bistet h@wméma 16 hagqedhceBy cslaninai N a
greater or |esser nunber of menory array mats 10 The read data path 54

Figure 1} i mefugeses ta the palumuy @dé‘m buffar A4 ptargnes st theicolumr addigss OHRW ary 1/ O
i nes co rr bus 106
navi g 95 pod O aliEs RIRIcE 191 TIeiTE hac 108 cBinfd s LRIRERP A DS e
100c, d, g, h. colin@ (aﬂﬂie(s&mlilaﬂuﬁnmd@( #3/ Wb&(hl sppliGnaanbust bighatentor y arr ay

100 d : 0] di f.th
Mventon 1 SCRETAS pereaor Bt SRR ePrnd ARG GRS Sd R, o By

110 arrangedegpecd\&Mygrm§2z\nd 16 rows. Each of the nmenory mats 100
i ncludes 16 colum lines 114, each of which, when activated, selects the 5

correspondi ng col um. Ditget %F%F‘ fram qurp of g arAYy 4%ed? &8 P%ﬂ’é‘?—.d Hukser of
row | inesz ( SHGet ow in
he sube ¢ g GitEleryfl, 52 (YRR oRthe ¥AafR0 o8, Beirohvaly L REE i Ol
col um of t Heemeouplgd niaoughG. réMiatatapatbvb4 tne daa axutputaregdl;er 46piwvhichof dat a

are coupled fromth nor t fr each coI unmm ect ed hy,activating
a respecti vé’pg@fsutﬁ?ﬁ%la{;ﬁtg al%aﬁg%"f%ggl) Bﬁat(:%énb(gfwrb °f°6’F e‘?ﬂiﬂ 8@ are
coupled fr omohfs@drfmmrtne data BR0SY thréughes detat inper ﬁefgistéif60‘ hhda fritpsiad?0
through a r | i ne _bus 122 that .1ncluydes 4 co mentary digit

e It
li nes. Thus Pa&?néé] cﬂ WFFH%@‘YP:{M%%M%%F il rppsierred taene t{ﬂae §L8Y are

gg ;)lr”erg : .@% gsz@eﬁg Rbpdctiveryf LORRsE AlgiRsANALPBe Lifed BRelcBERAG bitahaEbiwv at ed

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 controlled 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 in 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
G

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



As shown in Figure 4, each of the sub-arrays 110 includes 256k nenory 15
cells (not shown) arranged in rows and colums. 'then a row of the nenory
mat 100 igo@aghigeet ed and a colum line 114 is sel ected, 4 peanEob/osasary
digit lines 130 in 4 respective columms of the sub-array 110 are coupled to
4 respective flip-flops 120. The flip-flgps 120, in turn, drive respective
conplinentary pairs of I/Olines 140. In operation, 8 colums of each
menory mat 100 are activated at a tinme, so that the 8 sub 20 arrays 110 in
8 respective active colums each output 4 bits of data. Each nennry array
mat 100 t hus qomondndes TBe chinmeandf detader, 6§ugicnérates @ sagvpreteart contsal Gigiwls n t he

flipflops 12Q, nce .t nor each
bank Bo b3 odPEPEVE 4 i EERRIafd bR U La 38, BeorulRRdn (9, PR U ©F
from each subwste) ays.lgxﬂa@edalr;eea:vheffehe Besinand sﬁgn@rsed"heﬁe tévandahd pighblepandl 20 f or

subsequent coupl Ing to the DQ 25 term nal s as explained. in
-greater det aithe BEBNBe, mmcfa%r@x aggqraplishdheir éﬁser%wrsgemtwarn ftrﬁéOINGPBOIFa} ops 120

T §1 SR e T e e,
hi gh- speed no#dl bedomitted. of dat a stored in respective flip-flops 120 are
transferred serially toya, Lasprbines£Rbd B3O ol S 39) 52 ROy Thgranner

in which the parall el a store are”converted to

seri al W Quitght/ ﬁg&ﬂellil&ni?ﬂﬂ'deil&wbﬂh&)‘réﬁﬁrrsdﬁt eormplithefrarye kplhtiompd: W t h
referencetozé'i/%g ies 5 arid 6., Si.nce there are 32 |ts stored res ectrve
flip-flops I } fiassdRotabioyr)indrighy Didbat fobplerds & Bomy e Epl fFdpe

serial bujgt t S peed
node. Theﬁ%ZSslglrg%Vg?sﬁ?jo%ag}étcrglrlrﬁﬂﬁ& ?‘{Ch%rﬁ%o%)s 9%26 ?%drﬁvt@ ﬁleslelltlﬂ%érdgﬁeaﬁ%gg el:r ray
mat 100 are dhgbe cghlmnedrqurtrySSQ,eiZ §or puaddrsssed cglubin Eect:ityeeaolhIpbmezltadat a bus
termnals As B8 r n; th gﬁ teed m;tdgﬂl 64.}#? 218 couplleg%}_l

serial bursts %‘%”8 8 %gptg aﬁ(ﬁm mg 8@{[3@5 Per ?‘lgf% PE f5e Speed
node, | It he dataupledgo &tparmfd the cgh@hfﬂmtarjr [[/Qpﬁnéslzgr ﬁﬂﬁnﬁlaﬂdletsﬁlﬁglﬁfraﬁlt@d .
serially to specti ata bus na wever., in the | ow spee
mode. the datBAHiHAE oLl lingxisseler ée oulediay PR OT o lwgrlta%@ateﬁlrleemy

(not ShOW'M 1B thé‘&&ﬁ%lﬁﬁbtﬁﬂry"‘i‘nbﬁ'tsfdi‘% DEERAE éiﬁp’ﬁﬁ‘e@ (ﬂ& dhéwﬁ?%ibthﬁﬂdtﬂ tﬁ@ce' ve
data in bursts of its fromeach of the 16 data bus termnal Thus, in the

| ow speed nodead 2@ path Sdar She Lfdiscase pwplifieniin tm; outputs datapiotthetdateach of

16 data bus t her e 32 _hi set of
respective f Icrﬁf tr}g%ﬁteig glrc}leggﬂu@ecr?rﬁ? °“t£}=‘§ %’Sfﬁ?r@ %%nal? l?g%%nswgy stored
[ ]rr t Ee flip- fde@’pl&: 120 n‘;f;s)rexplfetﬂgdnihrrgetyﬂ @y, that SDmlMl CE aﬁctﬁlﬁing mnbxyedhal L

of the 15 requir nunmber Q ata bit esuy in the | ow speed node,
two sets of GATBAGIER Rt E‘BénYﬁn@PBtIEﬂéaesaﬁ%Dzi 'crt“n & Al Wiiighoate usp M 20

before thgo prtaéeﬁgm@jéeaim@etunmec@@wﬁeh%yﬁh&rﬂmttﬁe &g sﬁeé@nkae EstHbnal s.
The reason this_-opeéerating node is considered a | owspeed node i s because of

the extra tinBehd a&ﬁ‘fﬂ“@h@ti@ﬁah@ﬂiﬂ morcmmrﬂwDMMéOan bt/ offhabiss. bi t s
fromeach menory arr ay Omkﬂo&%akg’ggﬁgﬂﬁgu 6, £f ﬁg[ﬁ%ai eyl Quefdry €

hi gh- speed node. There ore o prefe ome nenory array mat
100, the nenoarsayd2vinciadesud tmgneary carxray 2‘nratsad10n‘)p>erchhkiemmtw4t ha:ﬂ:a,chhdhtaae

transfer, which.r res.s t nor e |rrethan ngl e read
oper ati on. I—blﬂg‘?}%f%%ﬁge Bfﬁ% %{'h f”e Fett ﬁ’@ﬂr&?F)}mﬂ‘gW%‘e bt}\esm?%‘r%\ﬂﬁ?ﬁ t he
sane in bosh mmeasoa-h may Be ath%dS@Q%@eaféP@?lesie%&ﬁb&%f'wﬂéé BRIRE YnellRYy CES 10

are needed to provide data to the 16 data bus
array 20 may contain a greater or lesser number of memory array mats 100. The read

data path 54 Figure 1) includes a first /O bus 104 having 32 pairs of complimentary /O
lines coupled to the memory array mats 100a,b,e,f, and a second /O bus 106 having 32

pairs of complimentary I/O lines coupled to the memory array mats 100c,d,g,h.



25 termnals conpared to the | ow speed node, but the data is provided tw ce
as fast. To help maintain the operating speed of the nenory device in the

| ow speedWma#78¢ae menory device 10 may, instead of perfopaymgodiness ead
operations to provide 128 bits of data, simultaneously activate all 16
colums in each nenory array mat 110. T@ES, each nmenory array mat 110
prefetches 64 bits (4 bits from each 02/ (17%01 12 PCT/USU2/ 118115(1 8
colum) during each read operation. As a result, all 64 of the flip-flops
120 shown in Figure 3 are needed for each nenory array nat 110 to store the

64 preferched bits. | @8pel theimemory afeayambist 00p neteinc he dmémaenn seayh2@ol um

pair o 110 TeaRRNE bhe Embodiediof R, ihedhyBh & FRHPE T Eeg aferat T 4
??t a ]?: ts priatledesi26d sﬁb—lamayarim mmnﬁabinwmoaﬁﬂms&h@ﬂego»bs? Ea.@ﬁ BEGE iﬁéélogr

i p-flops .CQuU t hr ou the sape pajr of /O lines 140 durin
t heps ecogd éﬁ% a}g? 15%&‘%3 ﬁga‘iﬁ’?‘ﬁ%ﬁ’é‘?s ﬁl‘fug?"hi ?fp‘t”hif’%a ‘ahﬁtnefrcﬁmtﬁd;éele@tw-th@eedg
node, 1285 bidofrepondiaf dolha Te MBMbESRRADD Yo il ded Lﬁ?%enrjﬁl&%e &Tr?\%(ﬂfngs mendry

array mats 110 are coupl ed through 64 pairs of conp ry 'hes for
each read opBPtPWA). whichs Bhemertivated. seleets e hesphitiyh rew dethennblarrge¢0i bed

above, 64 big 1 t LA L ectjve flip-flo 120 for both nenory
array mats flgoggeﬂgg%ﬁelgé ?ﬁcﬁjPJ())sﬁlgoﬁg(ﬁ “DAry e fcoﬁlmﬁ)?'?ﬁléﬂﬁ?w mah 100nes. As
a result, irWhémea toowlispisedivatedet bitswif detaage soaPMd BdhothdlemoriLiat 106 sopHp! ed

t hr ough theegq{]a Iine?i%{g ring.the same period of tinme. It is for this
reason, that™fhf%UuBRs ‘?Lar@' YREnE & resperdive eplaan ding &\ sPrectibittoddatevfen t hough
it does UG r@th édeh bR cduflEEFom RES RS Snd V, i€ flon: nner

i n which prefetched dat_au}gbl_i _ts.0 are lcou%?edtgg? &%ﬁdqe{gg@eﬁe%ﬁ%ggﬁf and
data bus t ertRPRgh & respretivndisibiing bus 122 wiat jncimsles 4 t@Bplimenshp digitilines=i Thike 5. The
circuitry shawn s j [ t be.used with the first enbodinment
of the | ow speed é(g)[l)de:drng%ﬁli%gl%ﬁg ea%ﬁ‘ﬂa?%ggs%h% ﬁﬁd#ae%faéygé‘?deméeﬁefscﬂf#émﬂm every
read oper at iconespg@ditpioaherespectivewatiivatddeolingekmt 0nd that the circuitry can be
easily nodified for tRe alter %ati v§ eq{)odi ment in which every colum of
each mermory array nat“1 8N FiEsE 4 sach ofi thesubarigymil inglpdes 25l memoryar e
provi dedl5 Wetlls (hef hoRALHrahSedhh B s@ind colilfis P ' stored in
the respective flip-f I)(;psa %20 are é‘oﬁ& edstwgﬁéﬁgﬁ%@%?g%é&n\%%o 18

conpl i nent aPS§HYgidr &dog columnoline| §idels selooted £4 glompmentpry difit 4inkd €80 iime pai r s
140 are coupdsgshite Lyepanablel -taserial converters 150 so that 4
pairs of I/O_SFi nes c?ﬁ%ﬁiir?@ﬁ%%%pﬁr%gl oalg(fg Olgcg{?ve?e?@f’ ! 1."?{98 erThes of the
converters fiplopnt?ude tom) yiride papecsivefcoimplitibnthiyngsss oFio Nirds @460upl ed to 4

pairs of 1/ L.hes 140 of respective group. The renmmining 4 converters
150b i ncl udgp éé ‘{lb‘r?]]pﬁ'gc oﬁfnﬁl(sa(s), Ef\ﬁﬁlngwogr‘@atégaﬁFee*’(TtlY%e‘hatﬁél“F% S%gla‘] theB sehes 140
of a reifechire 0o Fepaiitt 4tp@icsEmAl ehdhilhReSHildS &a%aérﬁﬁéﬁp%ﬁwl ed to

one of the 4-input converters 150a. WO (12J(178(1(12 H1Stl 9
In the | ow &pBethahbfbthus prvidss 32 bjinphilstel which areemparatiplsaned in thadlp-of t he

16 convert efgpslBEda, [.on t aft ead
oper at i ons have beeggn%ceﬂr;v? gl%(ﬁn@gr ?ﬁ—gagltgll? é?ésa{(ﬁ)taé\/rguf?ggﬁr %?g@tﬂ"f“édeatcgggﬁo' the 16
par al | el -t 0O%e¥E 4 hits 0§ date.c lrs opfction;Tthe 4oty Eitst upled Hmt AEM slfhyqybput an

8-bit burst gt ective |/ Q.paths 34 to 16 respective data bus
terninal s 1%0%@%%1 ﬁéegﬁ(lpgs Qredon ethe %@?p%lg‘? gf%r Fossquent| ouplingaioatha Q coupl ed
to each26f temsinhils(FigBrei Ipkkxlsineaan gRakr dadiPreigpd the converters 150b then
each output an 8-bit ,ﬁ%r‘ft hrough I/Ocﬁgléhs 134 to 8 respective data bus
termnals 160. Thus, Ao yR-tepeigehdam thadlip-dlaps 420 hpeithec ofiveot er s
150a and t hrioda) deptding &h &S thk6erh ' re coupled. are not used.
.10 For a wite operati%n, burset of % @P’}tlgs&’%fgelbggéf)%ae%gtlg egtg?:rhthgfhl%’i‘ther 8
or 16 data $R§&d moderonthedowdpgrdnuiddeg Iogionhighapdedmddecs SIERMMILstoedGRET at i Ng
in either tRe,dj; de or £ he | ow speed node, respectively.

- Respect iége %?i a ?@E}g"z’?é &I tRniE sgpéﬁyl%g‘ TespeRi e stairdis (PQRutegnisak bur st
to eithed ahhminresinoihipathaphellel dataatdrédintthenRiLERs BRSEI JRERY 19 sets
of 4 bits of parallel data (in the | ow speed l?ndgs). Thec4 15 Jat%ﬁ%?ts
applied to each colum of the nmenory mat are then coupled to respective

colums of each sub-array 110 in a wite operation. One enbodi nent of the
8-bit parallel-to-serial converters 150a i s shown




in Figure 6. As previously explained, the parallel-to-serial converter 150a
is adapted to receive 8 bits of parallel data and output a burst of 8
serial biweo2hmoeyver, the 4-bit 20 parallel-to-serial converiigngossdb 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 transitions high, thereby triggering a load logic circuit 162. The
load logic circuit 162 then outputs a high Data Load O ("DatLoadO') output,
which is applied to a | atch 164, The |l atch 164 has a _4-bit parallel
data i nput t qaie wild bg 6&!&@?‘5@@ referencs i Figyres § A4 §f Sipge therp ﬁref3l2§>¢}§ S@?@ Thus,
each data i nmefslféfcu&éﬁlg%p@hb@'fo L QeiP Rbmdly £ 1945k 166, b ﬁ&é@.@mtssa&%»mmnt o the

-outputs of two 20. The outpufs o ip-flops 120 are
coupled to re@pébmts@f@dna tp et oftdedaty lmaltmnals tmethbdmhtsceddngwet ridmsiti on of

the R nPar s bits apal data are t sto helatch
-164. WO (1%%‘1%%6 %%B @0%% llhffiﬁle{ﬂﬁ ar{aﬁémgqg? 8%¥ga St or ed
in the |atxh sérﬁﬁlbﬁ:rsﬁ df® tws ®hdatli 6fl4 dafa b tdrinalsat £ a r@dﬁltRinnths highapeed
transitions hi t hereby causing an inverter 168 to output a |low to a NAND

gate 170, whi %btﬂﬁ AQAREP g inssenal bursts pf it tossaeh plag data P‘I‘ﬁ Ry 176. The

flip flop 176|sthen d}@;\ﬁ ut an
active high Serial 5 Uﬁﬁ%aw Sg?iﬁﬁ@‘ﬂ%‘;?gﬂ%ﬁesto t etgélgt&)c%&%é%@a%hﬂedahl gh

SerUl d si gnaltrapsfersdssetidily ﬂoaxtl@meim data hmat(BQb tesminab t Howevenvin Baedgwspepdal |,

and, in response o ia CI shift th 4 bits of
tor ed dat a SHECGH il B pReREE o B Pl BiiRE LR ekt gt T on.

The seri al0 datarfaingtvith B hidiorpdevicd@o keddapted firketetverap in®drstsvof 8 bitslfrbpl exer
10 180. As explained further below, the oQutput of an inverter 182 js

initially | o] thenld dstates torapls. (Thus A thedgw-spsed mode 138 bits are mavired foy hi gh.

As a result, st a from
the latch 164 %H;e gﬂ‘}%}jt(g)g {geﬁi geé&??ﬁ:lgg%{rgjg %Fﬁmg 1 Smfgﬁ{er 5?21%3&05% by

the SerC k siegahedet afrmsnemsvecﬂmﬁlqpsrézﬂ for v&ahsnermry array HJHSIQOI, tm 64fbits lsoreder Cl k

signal havin nepok ari hi_f i nt

doubl e- edge %3%? ﬂ{é’ggtlaorpgdh%bl o5 qﬁ%ﬁb I&‘gﬁ' a aﬁ{d’a’%‘ﬁzlt‘)ﬁ bitt s%gplﬁao[n‘gy %ASTFP %(tahr?

shifted ol aeéquirb®niihbgr- d‘fld@m Bifi4 A felelt, e e 1bwapsddt mede, 6fo kdieofSel Kitsk

signal having the OpprSI te polarij t%bﬂ,The hi gh Bus SI nal at the output of
: &he

the | atch 16dmushhfgusieishedys stpredin 1P'(’§1°B"iﬂf ptehed dafe itk eam tHrl ver
194 that is i e"f'l%drg f \uS,
each transit |cgﬁﬂ%df{6? iﬁee&%aetr)%etﬁgxgﬁm gglﬁﬁglgih 6Zd(% %%J?%S%‘Eégl%l gh
Tri-State ("TF3¥e) modgnialbecabse ofl‘sxeserxgnaﬂmel medsietdr nrefewohi andfor coupdadi twige 4snot

many data bits from each memory array mat 100 in the low-speed mode compared to

20 the high-speed mode. Therefore, to prefetch 64 bits from each memory array mat 100,
the memory device must perform 2 read operations with each data transfer, which
requires substantially more time than a single read operation. However, the bandwidth
of the memory 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, but 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 10 may, instead of performing two read operations to
provide 128 bits of data, simultaneously activate all 16 columns in each memory array

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



shown) receiving the serial data fromthe flip-flop 184 downstreamin the
read data path 54 (Figure 1 ) froma tri-state (high inpedance) to an
active, lpwor/rgesiance state. Prior to the end of 4 cycl espafri/usheosser CLk, a
second set of 4 flip-flops 120 are coupled to respective Data<0:3> term nal
and the Rin signal transitions |ow 25 grhe high-to-low transition of the

Ri n signal causes the load logic circuit 162 to output a high Data Load 1
("DatLoad 1 ") output, thereby causing a second 4-input latch 200 to store

the 4 bits of parallel data fromthe flip-flop sdngO. When tlg@ 4 bits of
dat a st or ed SPHmnh Auningeaeh ad OPRIIHONY o2 EshY-13d P4 tther%'?pfg’r?éil ShYWinger i ods
of the SClk a0 kPMorDaR Sreoh@ds. 30 The | ow
- DoneSync si Fna%nﬂrengéag?gogg%gdﬁﬁn%ﬁﬁg}%gtlem?éﬁbto ?géﬁgtet he f|SI p-flop 176,
WO 112/ 07811112 PCT/IanpSCngﬁ maamlmtsm:efewéecbtﬁymcmhmog:nnmend\lﬁmdgmte 170
to disable the Iat 4 from fur out put ti urt ser data. The

| ow DoneSynt® B?C&H%l IR opgulgé aéepiﬂ“i’]te?g%‘(?uéi %6 ?Q%BW& th]?é IWSS oa?im?nggl c
circuit 62 ieofiSt'pAEEU0R kdad Aytieyerde dee Witk fefdtchel drohe &iither @8luépdndi ned
further below. Finally, the DoneO signal is applied to a NAND gate 204
that, with &oseaND respgditve fhpgopst B0mse aownwdpﬂlfqueg theggme pgir qfd/Q B{leSb&ﬂ t he
DoneO si gnalgy,; Qs%]cgﬁd% | FehdndRa 2Rl Th gsetm this alt%f‘:ﬁ%%@@@ eclidegpge 206 to

H to apply an act

output a hig ses an I nverter ive h| gh signal
to a Seri al bwmloﬁaldta(StcBaHﬂ wspectier Fipafdpsolf20t foe bbtht méma Gurra¥ hents éi(thrGZOO t hen

oV anar, as SR HEe e BiiRop! EuB iR 1) I GRbT SR kit o
applied 10 tberak) 1§ﬂerll%l1—§p@édT}ané d@kribdicabotd, W4 b9 Qf dhts GrazédmeRshebiive at ch
164 to apply _an active | ow Busy signal to t he NAND gate 190. The NAND gate

190 then apphi-8eps 1} dor beshimemeyi ey mols 119 ga@éplﬁﬁéhm&o%a?aérswfo to

out put a hi r.eVv l; J 1 op 208
al so causesgt gﬁﬁ%kl%gg)gtl S?d oﬂagﬁt§ Bﬁ%ﬁg%%h/&g%ldgﬁﬁ%%%%e%@ cialltdni\;/)her ter 214
to apply a mughbé¢ ocoupled thmughr uaerdawmearddnn@memamb lppﬂlcui@fstlme SIt18Jdor thive

doubl 6- edge TP ae PR B s dh ik i Spenf P VR BR N B 1 e
| at ch 201 hameret;@ieemﬁb]déﬁmoﬁyforeéeﬁmdbﬁmh 200, the Iatch 200 outputs a
| ow DoneSync signal. The | ow DoneSync sig i.s appli to the NAND gate

200 to reset the fliplhqBpreng whi P@ﬁf‘;rcmriéa%@tﬁ@retq?aplpébewewhchbpfrom
further out gy lied to
a Done 1 i npug)g I(1)%19%1 | ?gs %%%&aésﬁ?ﬁ%ﬁ&’tt%@@%a&g{m% ﬁ%ﬁrﬁgd\ﬁ%ﬁpp

circuit 162 The Cpcmpasm“nnn Fﬁgure alsadapequem userlam&uth@ Hirst gthbcudmelmorﬁ F?a:r

signi al . Thqofll ) ro ¥4 \glﬁalflgwtheg orad r%eg crlergu rtea eral%n al so be
reset by an act 8‘1"8 el 8‘?6 T YRE YW %%afgefﬂf‘g/p. L5 Y ERET S tpon
power - up20 ZE{O%VW, 6V iwalll Yeyurleiitdoa ek, tHeheirdquafyatdnebe te@ml’;"efrioaiﬂed:dm/eliet er 150a

converts 2 Iéﬁ)ads of 4 paral]el_bits of data to_a burst of 8 serjal bits of
data. The pafgmpiye %@05@%111 WhiRY eYare Folyen of cagh mefaqry ¢rige Mip 417G 1sderd o

i mpl ement thd%@ygg&l@r{yﬂl]ﬁgg% NatarcRBViged. s 4 either 4 or 8 parallel bits of
data to a burst of 8 sérial bits of data. For exanple, the converter 150b

can be inpl emented byWihnisfoyengeldo Aiguse §etheoprefstched él\é@ta(bitit stedm fbe 0 30

47bit mode aane P B P dunhaciFily s WBR IR R RO Teon”
oper at es23 n linke 14RNBighenags ofig UM Hne paisseldbare dinPiad &s 8 despedtivb paraidlave.
Fi gure 7 shows .a conput i_ni.ng th 10 of Fi ure 1

The conput else§§}§f”é‘fﬁ”3r@d% ﬁ%ﬁ‘&ﬂggal’%o%rﬂ:&gt ac}ﬂo Clipa s Fdsf?e?af’w%P‘?ﬂvﬁﬁer i ous 5

conputing f unGhdvend.of fldeonRRers SGLinbINge SIS bhitCor Siput Mis Swhich BRchi1En
specific calcul ations or tasks. The processor 302 i ncl udes a processor bus

304 that nortfred pajrsiafdiQidiees H9 efdelrespestiveigroup. clbatrerodinisgst canvertess 4t bus.

In addition,; t e ces
314, such as mél&% §,§E{PH{E§J Fﬁ) gﬁ#gﬁoggﬁgéﬁgkggs ({Qfo ne?'i?d(;’gféagrseoﬂ% 8{f‘l'l‘toezgq @? al | ow
an operaSQ)r and4|p|aireoff1é0:hnaan1ﬂ®lthahaecaqqlndttebnsy&h@m@ﬁ{)conimewm%al ly, the
conput er system 300 al so includes one or nore output devices 316




coupled to the processor 302, such output devices typically being a printer
or a video termnal. One or nore data storage devices 318 are al so

typi cal | ywoowpiseck t o t he processor 302 to allow the proceesarusBdisoso store
data in or retrieve data frominternal or external storage nedia {not
shown). Exanples of typical storage dew ces 318 include 15 hard and fl oppy
di sks, tape cassettes, and conpact disk read-only nenories (CDROVs). The
processor 302 is also typically coupled to cache nenory 326, which is
usual Iy static random access nenory ("SRAM'), and to the SDRAM 10 through a
nmenory control | er 330 tlrm@wmmm{e@ﬁtbﬂtépfmralé@@aﬁwmuwditchhaéglea

o Bl R aRIP e i AR i R Shd B PRRAN 10 A

ei t her di r ebtdnypeffasmeal) 8\ity hatetteauciupieldo pahwmf yheclkdnparadlel-erse88@pnartelsy sone

ot her neans r t he for i.ng it will be appreciated that, t hqugh
opec 1o enbihi ThEaRsrS 1A0 00 st e 20 & BEBHS R Etueh pesniis Bbrpars:

pur poses 50f 134 {UEd felelcBYb datAbisQbkininaet doi. aAtieom sh-BFeéd RRdBEIS W hRand]
deviating fromthe spirit and scope of the 25 rnvention. For exanple,

al t hough t héatspRNuppd e sacheoidhe Bub Bdnnue eonvierers 1501 apd)theeponvarters BObf whi ch
are used in i gh- d.: ' ' speed
rode. it i APt AR R BITRRE PR By TUCR el ol R,
greater nunbed. ThusD@ therhighaglesd mAdesthe feachinputr shvaterdaita amdyhectatd misn a

| esser or great er HnbeL. f bits {gga the 8-bit bursts described herein,
and the 30 W‘Bl"ﬁsdg {h¥ ﬁcﬁ@eﬁéfet@ %fB%fFﬁa“’d ‘a between the nenory array and
the parald el WO 112%drhatditd bpetatebuei bt 2/ vkt @R2UpAY foQastesflefher@AUMEI t €5 S

may be wider or narrower than the |1/0O path described herein. O her
vari ati ons #ptrbugreswingls, densadiag ppanowhntier $hg FPRAM A0 dshepemting inngithst diengl y,

the inventi i of i t.ed except p Bl a8,

02/ 078( 1112 TERRER) 'k}gh%}r}t% G s, %Sp%mvﬁgpﬁe%@)&%gtﬁgv%gﬁ% gf’f&“%?at h,
conpri si ng: cenvstiers 498 thavioneers therd-big bidsbiot dthef aml 8ttty of phialldtdatau@n bevi ng N 2
bits coupled,to the storage device; a_sec bus haying N 2 hits coupled to
t he storage?‘@bﬁ’ﬁ Y ESPF o ety of § ‘Wéﬁtﬁgagiﬂa&“ﬁ?‘ﬁ-% pest medhly rl‘Férs

coupl ed 150 the ik Irﬁﬁ;uéwﬁ» eRRCBIuAM dMife RRLRNY Blat bR M6 kalpl&OBMSiaie i N the
first set having Minput term nal coupled to receive Mrespective bits from
the first beaelumapefqash syb-ataytld0 e write operati@rt ers in the first set having
respective serial out 1 nal U ) ¢ fd .

respective data bus tgﬁ%e%g{@laﬁﬁgthggﬁ* ﬁ %?lie? (t)(?g%fra |f %f‘“%ggrrl%gg;o? E‘gré%vg% t he
first set bé Figuepgerabpeviouslpelplaiet, thp pamllélng-senad eorverterclsea isadiptaitot he
storage device. t hraugh. t h i,rst bus sets Qg arall el data each. .

cont arni g Feae & P Al fgiShbtiafte” Bl stcn REGT hieh grORr B B
respectiate gahieliviSeridt cOAVRALS 150b drb SubhiahSdllyS@dnticalsh exphRedRGthsetel®l. N 2M
paral l el -to-serial converters coupled to the first and second buses, each

of the paralYisn-Regllehfata precig s diapelpreed; Hom e Sipcliony 138 to Msvdopvsrit 1 Hsut
termnals cey : i rér@ﬁf. Aol r t he £iEst nd M
respective &%?Sa‘fs}ggﬁl] 1&%@&?&4%8%, @us, %%@%lgér glsl?gedl Bgigéglgﬁt échgﬂgz?a?er s in
the second %agic ¢ieounitd G2 thes pepisudighdddtal ol (fDatLbad0Y) mepws, whitpisegplicd a

Convor tors (o CHOGARAR Aok of o BhqCEHB SR i Bhaset ool L Pt iE e 1o

recei ve I3 ooviphal &t 8r clthe dHpifleps 150, 0UGis,t dheh SREOHGuDUS i selisl-@lsenar al | el
data each containing Mbits and to agpl y N 2M bursts each containi ng 2M
bits to resHEErFe! Haiacupledd hiiontre qfive fip-SersolRd. dlbe outphis of 4 of the

paral | el - t ongenbp 120 WEThES hdn ﬁéspgctﬁgc&'?éj iRk t@[?r.iﬁéris ge{h@%\%-tb-m second

, operating node to receive fromthe storage device ough the first an
second buse#rangitiGay ofchhe RimRar kighald She 4duiscdipaiale] dakd e thenatrded ip thplatop N 2M
bursts eachlggntai ning 2M bits to respective data bus termnals in the

. second set. 2. The nenory device data path of claiml, wherein N is equal
to 32 and Mis equal to 4. WO (12/078U112 15




PCT/ US112/ (18(15(1 3. The nenory device data path of claiml, wherein the
storage device conprises N flip-flops. 4. The nenory device data path of
claim 1, whaseisdot he parallel -to-serial converters conpri per/sofigose set of
| at ches having a set of Mparallel input termnals coupled to one of the
first and second buses to receive and ore the data bits, the first set of
| atches further including a serial output termnal coupled to a respective
data bus terminal, a serial clock termnal receiving a clock signal, a
control termnal receiving a shift control signal allowing the data bits to
be shifted out of theWhen 8t 4sits obflath storet ésthe bdgholfdiaveiotbs shifted ontedithesi gnal |

d I di f
The oper at | e B Rt Bemel RESHPE P e e BBUM Bl e i B 63,1 ° ©

responsi ve tHNARD ghteilye,ak1fcls waRAARDGatea 8 folntsiRnfsdalip-flop 1 36. afheslisd gnal
indicating that all of the data hits stored in_the first set of |atches

~have been sHloptld@isghen %t thesebyroppsing be NAND pale d At quiys ap aptive bigh SeHE! seri al

clock si gsﬂa'um%hg“éekw ) sqghah%vth@gtamau%rﬂumgﬁ%emm@ignmueée@ﬁwtmcﬂhﬂ control
termnal to ap iTt control signal tothe control termnal to allow
the data bi tts onpuben sttivetled Busy ©gnal, rads inr ssposes tod Serivlcflsk (FenClkhe

par a1 | of -t oS80 SR 810 514 B Soted s L of B FREb Bt o Bkiobien Rl 2°cer

of M par al | efanéifigtist term nal coupled to the fi rst bus to receive and store
the data bits, the first set of latches further including a serial output

termnal coupl ed to alktesspakdata e theputrwhpf thedatch 44f Is applied o mpltgleren er ni nal
recei vi ngya 0 I K shift
control g(l) gnlglb %Ig 3 Qﬁgé tﬁ'ﬁﬁleﬂc g‘{lg&bt?tggﬁt?w fteaﬁslﬁe?@[l ehgzglg?ﬁ lg%@tglﬁg a;nPrﬂs% set of
| at ches r esmﬂmumt tcotmhaulupbxdf @ﬂgﬂamtlalhnidg‘ranA@m palt, tthe muliplexge ¥ at i ng

at | east one first t dIC A 0 a te of the
first set of°® P@?c‘hé}t 3 g‘fq?a?él'f‘ta l%teh ggedtgo g?)‘@’ﬁ ?%q%%ge’éﬁ tﬁ’n tiate
signal and rigspei4 ies RAIKYE by ﬂleaSefﬂllkfsignSltaaﬂth csmgﬁtﬁéntl Teig ahbhgndifi@l al | of
the data bits stored in the first set of 0.1121t178(1t12 16
PCT/ US112/ 08015 Sealks sigmalhayingone golati. ¢seh bﬁ ef %‘qw sStshsft@fl iggp thefouplgedee
responsi yg ifled eP&uﬁﬁrﬂbﬁhs@'a% Mbﬂ@@{aata {shtfon! shif@a hP&tﬁ@i’l g‘@oﬂ%4%tﬂwt
terminal coupled to the first control termnal to apply a first shif

control si gn@kttransmhleoiftht Schﬂongnarbhawwﬁw oppositeqpaddritow t he data bits to be

shifted out of the fi flip-£l is set; a
second set of Iatchesi ﬁg“? %%?a S&W%%ﬁ%@qaﬂﬁﬂﬁ% c%ug?sr%lﬁéﬁ@@eupl ed to
the second bws bhooutRe e Highatﬁda slooked ddver dat ahddi ik Sidertios! ﬁ)eth@ﬂﬁ)ubleiedgbf

| at ches further |ncI uding a serial output termnal coupled to a respective

dat a bus t ertfs#sd flig-flog 134 Thuscen eash rﬁaﬁ%ﬂwnr eitbr per{dk sizmpb e &Pvghit* a

control per rHu'i}ﬁilts 4 ﬁ@ﬁ'M—ﬂQte%“?@%%%als hifet TS Q?Ee{l Q4 usti 3o alvite El?thﬂg nbe dat a
bits to be shifted out of the sécond set of tches responsive to t he cl ock
si gnal , and shawoueqsiring Ge sérivh Hatg &oorthe fliveflapt ! 8¢ dawnstisam lsélwmﬂi datagraths  si gnal
i ndi cative t and a
second fli pcgf4l d: S 5 %{oglsdp%ﬁsglﬁ%/éﬁgn ‘R{pﬁ&ﬁ? ?)ﬁ(g Jls.&'(ta Xl ﬁéwgpl;l #&eﬂ% ‘cating that
all of the data b| ts Bnmtedhé end hﬁ4f:ydiestofsbat SaCLI\,aa @d@eﬁd ket \o€ 4 ftipflopi f t ed
out of the first set | at ches _and reset ntga\fﬁe to secqnd stat us

signal i ndi c2Pi¥GCLR t%i‘isl"(‘ﬂ*“’f’ Retasls tEﬁ“P’éa in, sigpy tEnBiens 19%:  of
| at ches baverkagdh-1shbw haski@oH ofdhe Rmesl%%@péaﬁﬁs aRtoff lobBlerbas1 295 BAPRI /e O

the serial clack signal, the second f | op having an output term nal
coupl ed to thigh Baatload lt(eIP#Lml”l wtaﬁpuhyrcby eging @ seentt4-impnt latgh 289 gmal to

t he second s?&f:{%lztbﬁt?r ﬂ%clh&a?{l&rﬂ\% {iﬁlo g? 'blj[S to be shifted out of the
(0] |7 B-

_second set ches e Second Op is set.
When the 4 bits of data stored in the latch 164 have been shifted out

responsive to 2 periods of the SClk signal, the latch 164 outputs a low DoneSync signal.
30 The low DoneSync signal is applied to the NAND gate 174 to reset the flip-flop 176,



6. The nenory device data path of claim1l, wherein the storage device
stores 2N bits of data in the first operating node and N bits of data in

t he secorgh @p@kadi Ng node. 7. A parallel-to-serial converperusepmpsi Si ng: a
first set of latches having a set of Mparallel input termnal to receive
and store Mdata bits, the first set ofllatches further including a serial
output termnal coupled to a respecti vé data output termnal, a serial
clock termnal receiving a clock signal, a control term nal receiving a
shift control signal allowng the data bits to be shifted out of the first
set of | at ctleseby espaiupsthe NANDtdae Ci0otokdisabtentht lateindicdafrem dbriker outpptiing WO

02/ 078002 1 CT/ USD2/ (18(1 SI'l _term nal ener at i t l.east .o at us

si gnal i ndi gﬁﬁe{/éerﬁfg?té'e%fjicf“épf’ﬂﬁf EVE a{sﬂé“p&%ldgt? aslg neéfmﬂr&gp f:&hgs; and a
flip-flop sgladi@sPermitMe? i@sudiequétitlyiallb® thé Ghater Atk RS et exganaGitia to a
status signal indicating that all of the data bits stored in the first set

-of |atches helow. darallys Hierleng0 sigpal 3y apnvied e a AN gatsr 200 thatnwith e MRS ve to
th i & ' . 1 i |: ' ' | ed t
e seri g thg%s .Sfjoxg'ﬁsa% glpé%bgl iy‘s'tﬂa‘t 0 tbﬁme@orﬁaggﬂslp%&%ﬂgaggomp ed to

t he control ermn a shitt ctontro rgnal tot
term nal t oisadel,dtvcdubes tHalNANID gate £06 beowputf 4 kigh,ovtticlofausdsenfinvester 2HY toof

| at ches when the fljp-flop is set. A p el -to-ser.i.al. converter,
conpri si ng; 3RPYY PR @"Etlvgé‘fghéfgnlﬂaf?Eﬁégalﬁ‘gk}?ﬂg(g%e%gJtﬁfm@ﬁéﬂﬁl Ipegh quonp’{he
termnals cougd B thén ﬂﬂﬂ@d #6 4aneeShiars thd akipleRéd 180 résPensiverts theSRUrCRS

| at ches further inclu incg a serial output termnal coupled to a respective

dat a out put Sigaflnpn s¥plaigeds ghove forcthe daick dpfd nidie ackveeingh stgnal #rbek tsthgnal , a
first c r ] E j W f i i i ng the
dat o bi 110 1 SioAF AR of BERH 78, Bec ol (Rlch 16T Bl S AR o8 B, 7 he
cl ock si gnakignalrnd the NAXNI)gato 18 uThd NAND: ghte ¢ 86 éreatapplips at higte tosthe dnieerf i r st

status sign [ndicatiyv t he operati| te qf the.first set . of

| at ches; angb%{q ‘iaPietaé‘? Nm $a6°p1999é$° ‘Bgtpaonlﬁg}?@ S‘th‘ﬁa?? WW?QWGQteéplg’inﬁﬁllal and
reset responsive to agdiifigSthe BipAMdp208i alidAauded e NAND Gafe 204 t@biltpRfa 16de dat a
bits stored in the first set of latches have been shifted out of the first

set of | at chduéchr eaypesriiiveerieb2thte anphy ahighi tadhe vertanl 182 ene the MPliPleRer havi ng
an out pufs t%?é‘.‘ Rk n‘ﬁ.@tﬂﬁéx% 1é&m&1b80u%ie%%ﬂe {}&p&tro?khet {CHIZG@h 1R d L-éd% first
e dala

shift control signal to the first contro ermnal to allowt bits
to be shi ft ¢udegored fop-flop@84.i r st set of | atches when the first flip-flop is

set; a second set of t ches, havi a set.o Il el . i nput. termnals
coupl ed to receive anmg? et Rﬁ’c?g{bgtabslt?gé "1%%%@g%@dwgeepeegfsmﬂﬁéé)Hg]%pf urt her
i ncl udi ng a tigelaich200,uhe Witcht 0 Bupals LlowID&RSiR sfonhE STIRAbk \oneSyngd siukiput
termnal, a serial clock termnal receiving a clock signal, a control
termnal redbfRplisg toxthe AN eati20P te setrthe flin-HompO8a thegshy disabling thafaichni ts to
be shift 9 &&[ﬁ;&ﬁj ; afihe i : si gnal ,
and a stfegjusggt?? %‘u%l?ftﬁgfm a gésg{n%l?&gtta{'ng at %Ilgg%? ﬁgflgééé@e%g‘}l%r@%%kdsi gnal

i ndi cati ve dfonthenpperfathe nigads logice cipfuit A62 seaesstl theloadf lopiat dtve; 1@nth WO
1121117811112 18 .PCI/ US1121(1811a0Q a cond, fl.ip-flop set responsive to the
first statud &F rgaﬁglflc}:)lrﬁél}bcsﬁﬂ(eﬂt alnlillgf’ flofthe ?{"g)ar Slgl%l'

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.

25 As previously mentioned, 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
converter 150a can easily be modified to implement the converter 150b that converts 4
either 4 or 8 parallel 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 § bits. These latches are disabled when in the 4-bit mode and



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 status

si gnal i Relhgabishe that all of the data bits stored in thepeeasngiospsat of

| at ches have been shifted out of the second set of |atches responsive to
the serial clock signal, the second fl i1 -fl op having an out put term nal
coupled to the control termnal to applg a second shift control signal to

t he second control terminal to allow the data bits to be shifted out of the
second set of |atches when the second flip-flop is set. 9. A nenory devi ce,
conpri si ng: fi@ncaarertey 160b wpemtey it dd sinermamgees the coawstearidOcad desmsheda r ow
address decoder coupled to receive a row address signal and to enable a
correspondi ﬁbo"teow of menory cells in the array; a colunm address decoder
coupled to receive a gghMsRAEN£Esinpuked Bter 300 lconRAHAY Be SDRAM g9INdi ng
colum of nenory cells in the arrag;.a command decoder operable to receive
- nenory comuigiee .r ofhearompren srptany 30Gingludes ypieesseared02dat pesforging yariaus
correspongi . re ve Yorr ry-1g) pat.h.
conpr i oi rg: <ampflde; TEEbAs CaRRTR b QIBR R e Rk E Y PRtAmD iR . 4
second bus eelowhitehs top taske.eThe phdcBssdad(R faclidesf o procesher asridy; tha nbimadly set of

N 2M paral l el -to-serjal converters coupled to the first bus, each of the
paral | el -t o-lgcélﬁe%l?n ?,‘{SiFR?%ﬁ‘ESePfg"‘i‘tFPl_gPﬁe a?qoar &t‘a é‘éqt tlﬁ_’\&‘il/{‘“ﬂ‘" e cRpRYeL Y5 nal s
coupl ed t0 196 ickRedbrlcStRESE inpht Mvicds §1408chh8 afkkyttlhrddtS mé&RE coupled to |
paral l el -to-serial converters'in the first set having respective serial

out put t er nithgabrocesenrptadtot ellaw fin operatopto dterfic Withe thseaomiputer dstean B

term nal -1.0- i.al Vi ' . ir st set
bei ng ope) abiEerly 4 Bodbialf BALH 60 ahGaRflde? onf 4Rk St DlidE KT 1o
array each cowntlal withe pMclxisbs302, lsechMulyiut gevices epddnliydieinige printarouplvédtot hr ough
the first bus, .the first set .of parallel-tg-serial converter rt.her being
operabl e in t?rﬁ’é“aPi _ré‘fe B BILE A7 ‘3%5%?@ 68“’5?_)8?@ Ay %ﬁ/’? Emlgaﬁz 085@?‘& gooiheai ni ng
2M bits to neseast 3022ohabd e Brob&kdr 302t stok dabeinfdr rsttievedata AR interdd
112/0781 102719 PCT/ US02/118(1SIl a second set of N 2M parallel-to-seri al
converters coexraal tuagamedia mot showa). SExaomies bfiSpival werege devicedyd 8 include
paral |l el 14 o+ser] verters | sego t .. ' ' . term nal s
coupl ed ﬁo rhgge%@eﬂﬁﬁ&eglﬁ%cttlgR/ee%lge?c gs’ fa?'(&) rﬁgﬁgggf ?1%1§¥éag%§ Mangaﬁ}lg?se@{oﬂencti ve
bits from t IROMeCONE frucessdriBe2 paniasd typicalipeampiddab cacheveeheny 326,nwihitteissecond

set having respective serial output term s coupl e 0 econd set of
N 2M r espect'¥ yoéﬁt‘é BUSR @GP em@%’cﬁggﬁﬁ'?’breawt?hﬁh‘ﬁ%ﬁ@l@t@@‘@ i%al
converters igentdif c&RFAMBE3S®t THE nfbehoPPENBBIE 330 dohfally mElud@PLERbNBusTOde t o
read 2 sets of data fromthe array each_ contai ni nﬂ_ M1B'ts coupl ed t hrough

the second 8 and 48 addeembnssBi® et gsacenpled) torthe SB orfy 8p'e g 34Qist her
bei ng opgg a%ﬁfg%‘? bRl SISRARPEH 3b 'ﬂqbgpfggélﬁ’ortlﬁls.aml Yl AT & §ho§xﬁxz,2t each

contai ning 2M S to respective data bus termnals I'n the secon

of the N 2Mtang thememorseniraller 380\0eby sms otherinirensecond set bei ng oper abl e
in a second operating.node, tqg. read a, se f data fro he .array cantaini ng
oM bits coupl ed t hr ougit"t ﬁ]@e %P"Fg{’m%ﬁ& ol - B PPBTTEiRd Epﬁé g‘t?%’d)é%egﬁﬁof

par al | el -t o-eatoliidlen8 TR inReifiohHabd BéentREBe® REERANGE phirPodel ©f BRSEAMEN,
operating node to acﬁgl y. N 2M bursts each containing 2M bits to respective
data bus t er'ififus mpdlicdiensmay he made withent deyatingelien yheiaitiicand geope oAitha 9,

wherein bki SneaHdl. £ é%(%m%[}!,j abidush RRURD o hei]s11-6I d: ?P%Eet??%i}{algq\@ ]99[ ﬁfe

claim9, further conprising a storage device couple he array,
st orage devitemnibalsn®) obpdricibare used irethedrigh-spegdgnedecartichkd dbiwhichiars usedad from

the array. 12.. T eviceof claim1 erein the storage device is
oper abl e tojiﬁeﬂrlr%(ﬁ;%gﬁ%aéOgF’eltngiotfesu‘bcﬁrsgéﬂd;ﬂ}aﬁ@?%o%Ulreg{ce%br@ly Vﬁé‘ node
‘and N bits déssdodegreatet embecsfiOQapetiails.ngls)dech Bdst dfhtitdRaPeontaiaw ce of

claim 11, erein the storage device is operable to tenporarily store 2N
bits of da}[ﬂgeqsre,r Pﬁgrefaltqrs“cu@%ér tt?lﬁgtﬁ%&ﬁ gﬁ’&aﬁ\“ﬁﬁst‘gesﬁpﬁ%a{‘gemnaﬁcﬁg‘esecond
oper at i ngo Mgith of the /O path coupling data between the memory array and the parallel-




WO 021078111>2 20 PCT/ USI)2/1181151) 14. The nenory device of claim?9,
wherein the parallel-to-serial converters conprise: a first set of |atches
havi ng a waoaf7sdveparal | el input term nal coupled to one opct/8ddshdt and
second buses to receive and store the data bits, the first set of |atches
further including a serial output termpal coupled to a respective data bus
termnal, a serial clock termnal receiving a clock signal, a contro
termnal receiving a shift control signal allowing the data bits to be
shifted out of the first set of |atches responsive to the clock signal, and
an out put t SPrCHAl cojwarera maygeavider ax narowershan the 140 gathl désadbetlidreia, of t he

operating st : f1:k1St S @é tches; adLIi -flo et responsive
‘to an initi a?g]%rs ?érﬁ%t gr%flr%%oeﬁég aﬁ%lr?ltst%\f)élet%&ge%s 1 ﬁgptsi %ngdsl?giﬁit%ti ng
that all of ihvemtidmissnoblimiedsdxoepeds bynthe Bepehiiddsdlaimet of | at ches have been
shifted out of the first set of |atches responsive to the serial clock
‘'signal, the flipflop having an output term nal coupled to the control
terminal to apply a shift control signal to the control termnal to all ow
the data bits to be shifted out of the first set of |atches when the
flip-flop is set. 15. The nenory device of claim9, wherein the
paral l el -to-serial converters conprise: a first set of |atches having a set
of Mparallel input terminals coupled to the first bus to receive and store
the data bits, the first set of latches further including a serial output
term nal coupled to a respective data bus termnal a serial clock termna
receiving a clock signal, a first control termnal receiving a first shift
control signal allowing the data bits to be shifted out of the first set of
| at ches responsive to the clock signal, and an output term nal generating
at | east 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 |atches have been shifted out of
the first set of |atches responsive to the serial clock signal, the
flip-flop having an output termnal coupled to the first control term nal
to apply a first WO 112/07811112 21 PCT/11S(12/11811511 shift control
signal to the first control termnal to allowthe 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 Mparallel input termnal coupled to the
second bus to receive and store the data bits, the second set of |atches
further including a serial output termnal coupled to a respective data bus
termnal, a serial clock termnal receiving a clock signal, a contro
termnal receiving a second shift control signal allowing the data bits to
be shifted out of the second set of |atches responsive to the clock signal,
and an output term nal generating at |east one second status signal
indicative of the operating state of the second set of |atches; and a
second flip-flop set responsive to the 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 and reset responsive to a second status
signal indicating that all of the data bits stored in the second set of

| at ches have been shifted out of the second set of |atches responsive to
the serial clock signal, the second flip-flop having an out put term nal
coupled to the control termnal to apply a second shift control signal to

t he second control termnal to allow the data bits to be shifted out of the
second set of |atches when the second flip-flop is set. 16. The nenory

. device of claim9, wherein the nenory device conprises



a dynam c random access nenory. 17. The menory device of claim 16, wherein
the dynam c random access nenory conprises a synchronous dynam ¢ random
access MRIOLY07s4¢» A menory device, conprising: an array etrrsomogeseel | s
arranged in rows and col umms; a row address decoder coupled to receive a
row address signal and to enable a corresponding row of nmenory cells in the
array; a colum address decoder couplléd to receive a columm address signal
and to enable a correspondi ng colunm of menory cells in the array; WO
02/ 078011 2 22 PCT/ US(12/0811511 a command decoder operable to receive
menory comrands from a command bus @#dMSo generate control signals
corresponding to respective nenory commands; and a read data path,
~conprising: a storage device operable to store 2N bits of data in a first
operating node and. N bAtmembrydieviveidataspatiecomprispgr at i ng node; a first bus
having N2 bits coupled . tq the, St]‘? .age device; a second bus having N2 bits
“coupl ed to the stBP'gﬁée(f}%‘(}?‘tsé?m’& ‘Fr’ Ss"t?dgtét of parallel-to-serial converters
coupled to the figsgtstBlShavBRND2 Bfts $dlc@ @ @b kBlapt @ei@k i @l converters in the
first set having Minput termnals coupled to receive Mrespective bits
fromthe first busgsecohébysdieaingdl/2 bits eoupledfo thostomee devicei n the first set

havi ng respective i.al ut r.m i & St of N 2M
respecti ve data bﬁ?ﬁ#é@ﬁ@é@,ﬂaﬂé*gjﬁgﬂh ?%ITQ’?"#%I-S ggurpltlegl tg(t:%nélrgtrbfl %%éc}ll Jnf t he
first sehe paalied-toepeiabidneertdls inthe fitst St haoyhey Mtihpg teradield @upled @i reeiferdm t he

storage device through the first bus sets of parallel data each,

cont ai ni FReRIYSi BiE & f&ﬁ_fw hyso mabaﬁf@\%_ktoésgeﬂ PR i dheo D S e

respect i g eotRlecRedd SutpSf BEHABLIE chuplddns a frdt Sét of RYIMABPeAivE A5 BE RIS,

paral | el -to-serial converters cougl ed to the first and second buses, each
¥s

of the phe arebel-to-gerind cpayertersrindha BYsk s¢trbeingeopseblenia & Erst RpSrAtg Modeniout
term nal : t cel et ] I t My 3 nd M
Fospect i D Tt phesterb@iRE dhb RUREA U 23k e bR R S She MR DY |
t he secadsid aaétapplsg\N/2M hestp eachi coatambg 2M bits tptespdceiverdaialbss eaniphledn the a
second Z’r’Et of I\%}ZM respective data bus termnals, the parallel-to-serial
convert el &R ate second set bei ng operable in the first operating node to

receive fromthe gtQraQesdQyNeM BAOR-{he sReRds RUSi &ehe mit paral | el
data each containing Mbits and to apply N 2M bursts each contai ning 2M

bits to seeandeluspsyy ceagtnof theupareliel-ta-seaink conyerntdre in dlevo prgordset haimg M input
paral |l el -1 O- i S0t he. i bl e. | second
oo 10 PREREENRCBNENE MRe By BiuZ ROR e BEL LPLARBGEARE Bie Befl 1 cos
a set ofthpaeahd dus,dht pacticlttaisaial goRidrthistia thededond agpphayin/ Bédedtivestedaleach

o MR & 0ol 155 e E o B AR b L B Bud Rl SRt VO
to-serial converters in the second set being operable in the first operating mode to receive
from the storage device through the second bus 2 sets of parallel data each containing 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 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 apply N/2M bursts each containing 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.



19. The nenory device of claim18, wherein Nis equal to 32 and Mis equal
to 4. 20. The nenory device of claim 18, wherein the storage device

conpri seswdN2bbdopz f1 ops, N of which are used in the seconcgcpgsiaksizg node.
21. The nenory device data path of claim 18, wherein the parallel-to serial
converters conprise: a first set of |latches having a set of M parall el

i nput terminal coupled to one of the ¥3rst and second buses to receive and
store the data bits, the first set of latches further including a serial
output termnal coupled to a respective data bus termnal, a serial clock
termnal receiving. a cThekesnayadeviee datatpathh of elaiimal whecein vhegtoxagehi f t
control ai@nal allo%éﬁue data bits to be shifted out of the first set of
‘| at ches YESHorERRFESE &' @WSock signal, and an output 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
‘reset responsive o a Shamemosnidavise dpiadadaliclagn d hyherginthe pargliekteigerial bit s
stored ip the fidstiset of latches have been shifted out of the first set
of latches responsive to the serial clock signal, the flipflop having an
out put term nal caudpbtest bbladhes hovingal set ef M prblldl anmp péryninals hodpled tnt r ol

signal to the control termnal to allowthe datg bits . to be shifted.out of
the 1 rsPIs 8 o5 Bis: Ao cEE AU dorrvy g PE B w3 iRl RBlsHieiovi oo
of cl ai Maldhes WIRKE Mchidthgarbiak butpdt 36riniAd]l CoUBKR toe b SreSdthive Fata Bud i I St

set of latches having a set of Mparallel input termnal coupled to the
first buterménalecsrigkclackitesmined reaeevinge slosk signak peonirektermsiel weeivingcdhes
further pngl udhng F@n@%{l{?%{mgléﬁé’ﬁ}natb%{snﬂor@é s}ﬁﬁéﬁo})&fj&f &leaﬁfsﬁ&eocftlhééﬁ?sdat a bus
term nal, "a serial “cloC erm nal recerving a clock signal, a first control
t er mi nal respoissive togtha dlockssigadli Bihd @andutmit teinginall gexetatingng lehs otlatstatid ts to

be shifted qut .of .the first set of l.atches re sive o the clock WO
02/ 078009 E38 TRSSINERT 314 TRRRBE PGt DEHE S8t bR B4 mi nal generating at
| east one first staaflipsfiep setalespordivedtol ACindiatd Bign AP BEdsBOrespdtisteab 4 he
first set of latches; and a first flip-flop set responsive to an_initiate

I
si gnal apfatusesignal indicatingithat albof the date bits sfared & theatirst s eblafohgs bAYR al | of
t he dat apll : i - [ t - shi out of
the 11 of axiiiPPERE RE s kAR reflonRE TSR, REBEE Mandl by
fl1ip-fl oflopdaiving aaroutpitt pertminalreuupédd todhe bedrd] dertitiralfto rapplycositiftalontret ni nal

to apply _a fir shift control sjgnal he first . control termnal _ to

al | ow th@lgagttgsth? {:gnt{og teroing tPtagi(T%’o@‘F ({9?& ]%%tofl?er ft%‘gf’mb?fl 'ihﬁﬁgﬂesgg%en t he
first flidecHes &hehshesRip-flep keennd set of latches having a set of M parallel
input termnals coupled to the second bus to receive and store the data
bits, the second set of |atches further including a serial output term nal
coupled 10 a respagt i vendakhoRtsevieidllalaln it i/ 12 nleRhe pRAMELAALRPCE! Vi NG
a clock signal, a control termnal receiving a secong shift control signal
al | owi ngcertvertetatemiyise:'s to be shifted out of the second set of |atches

responsive to the clock si |, ;and an ou t termnal. _qgenerati t | east
one second status as#'rén ﬁt o}f%agi?l%:dgﬂa\yggoarse? ﬂgﬂgﬁa&@?lil l?tstf”g?lélagfo'['ﬂgd %®cond
set of | giecliresbusaodeciveanivlorel the dith Gits staE fiff SpTht¢Red MrthBeintivdgig $t at us

signal indicating that all of the data bjts stored jn the first set_ of
| at ches FREAS otvh tesmial getRied top respectivierdafa bysitegringly o seual dpck tepawel

responsi y&d&ﬁ%@&%@ﬁ@% WitstSe Rl té'rﬁﬂﬁqg%ée?ﬁﬂ% faaﬁrs@%ﬂif%?&&w sflakp Dits

stored in the second sét of |atches have been shifted out of the Second set
of | at cheBowingghadate dits &0 bhshifed jout ofcthe fitstseigpfdhicheswsspansivedo the gotk op

havi . Ot ' t trol .t i pal | d
ohi 11 “conehih Al sh oS R BRNCL GierhiRg atTeRO B Rl Se RoBRB a0 s
t o be shilict epraing saite bhthedbstametlofRtched; dndt ches when the second flip-flop is
set.

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



23. The nenory device of claim18, wherein the nenory device conprises a
dynam ¢ random access nenory. 24. The nenory device of claim23, wherein

t he dynamgy@ o/@g6@m access nenory conprises a synchronous dgnpaginogogndom
access nenory. WO 112/117811(12 25 25. A nenory device, conprising:

PCT/ US112/08f1 S(1 a plurality of banks of nenory arrays, each of the nenory
arrays containing a plurality of sub-abrays arranged in rows and col ums,
each of the sub-arrays containing a plurality of nenory cells arranged in
rows and colums; a row address decoder coupled to receive a row address

si gnal ahdv¢ beenshified autadithefirso satiofi datelay respomsive ty theedetial dlackosignadsthehe

2 Cor umn aiee i P SmRGet el B HhEonhRr R L R by

cel I's i nshifecafird] Rgnavky tlerfa¥Scodtrod femitial trb @llbanks dai HigrOBedhifRdasiar
operable to receive nmenory commands fraogma conmand bus and to generate

y . ]
control &f headizst sesiof dasphasavhey thefirss SlisElopyesetenory conmands: and a read
data path, conprisig. i :
respeotive bits of *aept MO IBRARARY £67 M BaOREl ARk AinakIhpRa.
sub- ar r ays theasdcondtbubue re@eivenand\itbre2thibidata bids)phe dedond BetbDlatdhes ertlsdror age
devi ces; ,a.second bus havi ML/ 2 bits coupled.to,P*M 2 of .the storage
dovi ces. IPIFRREL SEUA Gy Aepival|fouple o st FRRFeIbg it L LPOUtRb 2 308 Che
first buglockafehmffal rb@iwag al 16tk RnEETd dntfslekinaT feckividghg skédndt sifit
having Minput termnals coupled to receive Mres its fromthe

ot
first busontpksigaplaplieyingdhe efagbits ihbershified prt ngﬁ:q facond et ohiithes
respecti ‘f?s X fikiv@lto P %&k%&rmﬁhgﬁ{i?&cﬁﬂﬂpa in gﬁiﬁﬂtaggéde?a%gxlgsa‘?tleéﬁ ofd gecfo?lﬁpf—‘ﬁt ive

dat a bus m nal's, eac °seri converters in e
first setstaed signadpediedtive ofrthd beerdtingsdtate pé tlxt seagndvesd of tatchescaridve from t he

storage device through the first bus 2L/ P sets_of rallel . .data e
contani ng M P L bReLeoninga sat Fhaiae 45 Biec st shfls el B it
respect i wil sitha detashiisisted @l theiflist dee of iatdHes BaYe bedhckhificiesin o tifelirsobetl/ 2
paral l el -to-serial_ converters coupled to the first and second buses, each

of the pafdpiches ansl eseli rgppaasivgde peesondstefvs signabindicating MafiaHpivke dpat
term nal §;Goypleadi! ﬁe%ﬁﬁ@ﬁd’ ?et'\écfr %ﬁa@%& E}%V@ bRbd ﬁpfeffear%&t R thé lordUseragid M

respective bits fromthe secon , the para -to-serial converters in
t he secorlaiches rdsponsive te shpe sdrial €laohr sighalp thepsgcond ritip+itipshacug lae coutputa
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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.

6. The memory device data path of claim 1, wherein the storage
device stores 2N bits of data in the first operating 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 terminals 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



WO ()21 (178(102 26 PCT/ US112/11805(1 operable in the first operating node
to receive fromthe storage device through the second bus 2L/ P sets of
paral | el wWatppeweh containing MPIL bits and to apply L/ 2 peurssoesogiieh
containing 2M bits to respective data bus termnals in the second set, each
of the L/2 parallel-to-serial converters in the second set being operable
in a second node to receive fromthe sk/orage device through the first and
second buses L/P sets of parallel data containing 2MP/L bits and to apply
L/ 2 bursts each containing 2Mbits to respective data bus termnals in the
second setermi26l géfteeatimmralr lpastieonecstato$ sighali mdRBtivevod tee nperatisg elgteadf the 8, L
is equal to 86 g Mis equal to 4. 27. The nenory device of claim 25,
wherein 11§sgséaﬁ&ch[e8, @dand Mis equal to 4, and wherein P is equal to 16
in the first operatifiig-figydsetavshonsive t€ @t ahitiate Sghdli andneseteespodsiopes at i ng
node. 28. The nenpry device of clai wherejn the P*M stor age devi ces

m 25, . I
-conpri se etNe Fignal midiseding dhat athaf therdata bite siored taths $ist petorl latcheshays,
wherein t | el - i S € e i : t .l at ches
o o SRR oF el ot of SRS BB OEY 18 Soril clodielighEmO -2 CT08
second bufless htving en euymit serdhisdlaoaplet ¢o theet coniiol ssrmiided t6 iapply asshift obntrelt ches

further inclydi a serial .output term.nal .coupled.to a.r ective ta bus
tor i nal - gl dp A SonSh ketmupth R AlobabE R hif 3o Rechit ) Gt e Besy

term nal Leme: whagthe fSipifidp €@ed rol signal allowing the data bits to be
shifted out of the first set of |atches responsive to the clock signal, and
an output term nal generating at |east one status signal indicative of the
operating state of gthe fAhfa?atlleﬁﬁtseﬁzlcbﬁﬁeﬁ&e%ﬁéﬂ[&%sg? flip-flop set responsive
to an initiate signal and reset responsivé to a status signal indicating
that all of the dandirkidesoftatehed having heeff of Nt pasalie! dfiput a¢rohinals benpdedatoen

shifted out .of the, first, set. of, | atches r.esponsi yve to.the seri.al | ock
Signal . iigeire and stary o 05y b fie, Bk FOrRET ARG BT S IAAInE BB ALARG an
out put t efefinihal capidd foa id@péd%ﬁfec‘dafﬁ sputttemithalab séﬁglad)@dlélteﬁnﬁlhi febeiﬁiﬁigt rol
signal to the control termnal to allow the data bits to be shifted out of

the firstasleksignplpdrgicopiohtarmind reosivingp firy shidt condpl sipnal afiondng theevi ce
of claim gy b}‘t@ﬁi Bd éhif’tpdaoﬁ’@(;ﬁt)é E!rgtfs&‘o?‘?ét Fds rEQHNENE 85 FreRBa éi%%?a’i, ciﬁidfa' rst
ﬁe avi 0 ea to

set of |atches ng a set paral lel 1T nput termnals cou
status output terminal generating at least 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
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 receive and store M data bits, the second 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 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 generating at least one second status signal

indicative of the operating state of the second set of latches; and



the first bus to receive and store the data bits, the first set of |atches
further including a serial output termnal coupled to a respective data bus
term nal ww@os6sh@ Clock term nal receiving a clock signalpcrtashiiseso contr ol
termnal receiving a first shift control signal allowing the data bits to
be shifted out of the first set of |atches responsive to the clock signal,
and an output term nal generating at Il8ast one first status si gnal

i ndicative 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 signab seeraddlipifhp sehsespangiveto theclighstatupisignakindhcaing thathe

first set,0 L fod - es

Tt espons; GuYE EHEATS IR RORR (R del BF1aites fryd Bien chifR Ator Bl £t

t er mi nal ofdatphesdartdoresétaredponsive tcoatseodnd satus s@nalt indrptingy theat fallreftthe Hatht
control si.gnal to the first contr termnpal to.allo data bits to be
Sotoa Bl Sorelrte B seporiuect G Tolbheh Se¥s, et SRaR4 L o e Seihdbta Bty oy C s
second sqhtcRés taapeMEve RAMiNErAI %ﬁckoaﬁiﬁmlpa{eabécshdi pt Bivih g ah Souggiipl ed to
t he second bus t0 receive and store the data bits he second set of

| at ches fterminak couplad i the cangel tesmingl i applyexr sicend shifi gsmitel signal toesect i ve

data bus LEg{H 0alrol A 3GhIAb dH6RF bhd SEITHIRIONRCERN o ChAckes1 00! or 2

control termn receiving a second s control signa |'"ow ng t(ﬁe dat a
bits to Hetchéd Whedthestcanld flipdlopeissetd set of | atches responsive to the clock
signal, and an output term nal generating at | east one second status signal
i ndi cative of the operating state of the second set of |atches; and a
second flip-flop set regmé@qewge}mn};ﬁsﬁﬁ%; status signal indicating that
all of the data bits stored in the first set of |atches have been shifted
out of the first séwamy of sresiosscellp arangedin rows pesheplumanst o a second st at us

signal indicating t | r I . n of

| at ches have been éE‘?‘%F (Zdéésts)u{ecogpﬁ%oﬂgfegé%%%%"@eFo“g%dke%\%gﬁaj/% ﬁ%l—f%ﬁl%% 28
PCT/ L1S( kdtrashB0difg e efesnores¢iiristhéearty t he serial cl ock signal, the second
flip-flop having an output..termnal co ed to the control termjnal to
hoply & Second ohi FeolBIAIASLIRGRAT OO IRh B Bt CAGHE AU SRAREI Coal | ow
the dat a dahw18 atorrdiBoriitief doREhimddory Balss€heRAaget of |atches when the

second flip-flop is set. 31. The nenory device of claim?25, wherein the
nmenory devi ce conppice@mard dggadarioperahls do raceive amomteprRAndS fromEheomRandr v

devi ce of i [ 1 : rY1.C rises a
synchr onLs i B galera IS RebdtfedheRaNe PSR AT RS ERRILLCAIP
conpri si ng: conput ereadidate pathy gongpisingbl e t o perform conputing functions; at

| east one input device coupled t he co r.cireuitry. at |east one

out put devi ce coupl ed t%&SE@‘S&%@E}{@Fe‘i?ivgﬁ‘mz?%?“%‘%ﬁ%@a%ne dat a storage
devi ces coupled to the gappniiis ceiplédiotrédkivedN data By ¥Pdth Ehelad@lom access
menory, conprising: an array of_ nenory cells_arranged in rows and col ums;
a row address decoder cbfifst &80t V/2M pwplld-terserighooeriasscoupledriafthedist bis enabl e
a corr espondi ageif gl pR BRI boirvbilert i R BAY sePh& Rl it iihalecoder
coupled to receive a colunn address signal and to enabl’e a correspondi ng
col um of nemseyplediolreceiva M krspeetivebits fiom therfastdbus) dleeqrieallebivesezibll conventersecei ve
menory command enerate c

froma command bus and to trol. sign
cor r espondi ng 1 Bher 1er§t psgtC l%aivgxg rer%ﬁ%}v)? senaq outpu SHhinaTs coupﬁ:g b & first 'sét o?'lN'?ZM

respective data bus terminals, each of the N/2M parallel-to-serial converters in the

first set being operable in a first operating 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 respective data bus terminals

in the first set; and



commands; and a read data path, conprising: a first bus coupled to receive
N2 data bits fromthe array; a second bus coupled to receive N2 data bits
fromthe wpranigom first set of NN2M parall el -to-serial compcaynisetas@soupl ed
to the first bus, each of the parallel-to-serial converters in the first
set having M i nput WO 02/078(1(12 PCT/ U 502111805(1 29 term nals coupl ed
to receive Mrespective bits fromthelPirst bus, the parallelto-serial
converters in the first set having respective serial out put term nals
coupled to a first set of NN2Mrespective data bus term nals, each of the
N 2M paral | el -t o-seri al a sapnwkset of D/AM pah@elftpfssmalsenvehensmguldgbtoaﬁb diritn a
first operating, node dat the arra ai ni ng
Mobits. the ni 1orhbst ARG BT RLRRE ror RSt et R BN o
first set of paualddlindlocegiddato eREVEM elespetiive bity fogi i@ fRebadland iM t he
first operating node to apply N 2M bursts each containing 2Mbits_to
‘respective dafespegsiiye iy ffpﬁéh%sqc?ildt% the parplieldp-serigh gonyer s fhile seaond sety 2m
paral | el - t 0 S gk rEQRNEL bfaPolifi RbifithalCoduBRald b SLoofB St RESOM 1RSSR €aCh
of the paralle rial conv ers I’ the second set havi ng M nput

t erm nal s cougdhtedus dgermeuas, \cecthrths pléﬁvllpnmllbl-tosseﬁalmmvemmsf iinrtb¢ sdvosd seid M

t bits. f d th - t | t
e’ second sePeRBIPHEVF g8 ECHT reoiis tode BTsR 2085 of Al SoLUEREY Pefa.
second set of cbhitaiMnged RS toipPeddnion, %}bﬂh& sta@hmbﬁalthee@s&hdcsét dffaraliéidMserial

parall el -to-serial converters in the secgnd set being operable in the first
operat i ng nmod&ongries further hwing aperablgiin the G PRt mydeale wPEONEY AVES M bits
coupl ed throu Lo REHRNhs Shindls MLl oLi0e2R bf
converters furg?h EEI ng operg)bwéjastl a Frs?nogeﬂr?ati n% mg' ee to apply N 2M
bursts each CMZM paraldel-2dvbdriat soxtvortcrespetbe |se®nda¢ea boing dperabienial & seeonthe
second set, each of th converter n the gcond

N 2M p |
set being opeBHFYS H’ sf%(f?ﬂq é‘%e‘ffg‘%%g‘ R %y cé’ﬁ'amé{‘gs@}dl B %f’é‘i’% from

the array contggbiiinthe2filsDiii s&contd bedds,t the Gueindt f3¢ of iphsticlabderie comrtbidses,
t he second set of parallel-to-serial converters further bei ng}goperabl ein

the second opéidher hgingoersrabls o ysergnd\onstatiag smedecte anpht BIAM ryrsivasht s to
respective datgnhis, R BhdRl L seond S8t th conput er system of
claim 33, wherein % is ect]uar&g)wﬁv H%?lg M1 snagqua gé‘mﬁ.@ WO 112] 1178002
30 PCT/ U S02/1180511 35. The computer system of claim 33, further

cperable Lot empor 31 11y 10t SPESHRASTen & difLS Wlbfeirffs Ed! BPRHRLE 7"

conmput er eyskterd, of claim 35, wherein the storage device is operable to
tenporarily store N bits of data in the first operating node and N bits of
data in the second operating node. 37. The conputer system of claim 35,

wherein the storag@ldevm@nllegn&ped@meeof Qlatlﬁﬁborfﬁa‘thécho?ﬁ ngu Qr.'o{= eof data
inthe first operating node and”N bits of data’in the second o eratln

node. device coupled to the array, the storage device being operable to temporarily store the

data bits read from the array.

12. The memory device of claim 11, wherein the storage device is
operable to temporarily store N bits of data in the first operating mode and N bits of

data in the second operating mode.

13.  The memory device of claim 11, wherein the storage device is
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 conputer system conprising: conputer circuitry operable to perform
conputing functions; at |east one input device coupled to the conputer

ci rcui tr wyoabnphgeast one out put device coupled to the conmpuicarushemgusbtry; at
| east one data storage devices coupled to the conputer circuitry;, and a
dynam ¢ random access menory, conprising: an array of menory cells arranged
in rows and colums; a row address decdHer coupled to receive a row address
signal and to enable a corresponding row of nmenory cells in the array; a
col um address decoder coupled to receive a colum address signal and to
enabl e a correspondéng Tb¢ ummamorly rievioe yofcelaing 9,n wheeeimr thay parallet-trrsesiald
decoder operable to receive nenory commands froma command bus and to
gener at e tONETDY CLRY%I s corresponding to respective menory comands; and a
read data path, corfirktdedof lalctk bat@g akey oLkl m@lﬂﬂbh}mtttanﬁhﬁlﬁeo@kcbtots of

data in a fir erating node and N bits of data in second _operatj ng
node: a fPle'sP? Erra@nﬁgseﬁprzi Brses teJaprive apg SEOﬁ%alaq é%tagletSdém figst set %

(12/ 87811&?0IP%?Q‘8%/CM§%59 s%}laﬁoﬁ P’ﬂéinBHa‘i OR réagtdWaZre LdoBive QUp Bk to the

st orage devi ce; irst para el -to-seri converters coupled to the
first bustenemalh aﬂerlaheloqdateamh@l receiving i alock signel; ta@rontrohterrhmaf fecsivinget

fiv st busoiRriongl Ser QisGHE G ool B BSiheC RSt el b0 )RR

respecti veesp@isial tootht lbck SipAaiNahd AUt tb@nidall bdnetatiRt atdbadVodd stgect i ve
data bus termnals, the parallel-toserial converters in the first set being

oper abl e Flﬂn%lﬁédlﬁtrvﬂ(’féb‘*ef)%ﬁr?w@ﬁ stateofthe Histast o latehss ¥k st or age devi ce
through the first t%.uﬁlﬁlzﬂ%(? E%tﬂﬁgv%' to&ln HdAe ?%ﬁgl &ﬁ‘?&bﬂ”‘fe@ﬁ#ﬁx@' S and
ntai ni esSpecti ve dat

apply N 2M bursts eac bits tor us termnals
in the fi stetusssegnal avdicasingetbanall séltha)ﬂatpdzitalstmbd umtlmeﬁrsalsetcoiﬁrlaambehsvecoupl ed

par al ol - PRt fan v i SO0 ARRRRSotRERe o BhsPa I0Fk igonl e ipma <

coupl ed t ﬁoﬁ@ﬁeing%n"dm]ﬁﬁhemhhﬁlecdﬂpléﬂ torthercélieol ftérhsihaltappia bhiftampast i ve

bits fromthe second bus, the |l el-to-serial converters in the second
set havi n§ignakigdbe PW‘%éFﬁn&PaU@tﬂiW therdefmbitsstocksushiied out of hedbsigetet of
N 2M resp éﬂe\é%h@ﬁ“ﬂ?e srgepal s, the parallel-to-serial converters in
t he secon set being o e I'n the first operating node to receive from

the storage device thr ough the second bus 2 sets of parallel data each

Cespective data budter AERATETN (RICR R bet, TR paPa! PBFIFE: ek o

convert er sorvertérheongeizend set be| ng operable in a second node to receive
fromthe storage devjce through the, first gnd second buses a set of

paral | el data cont & shestofilate E‘SSh&N’dlgtaoseéB M papbeh ippytdernigals sourlsd 1 ni ng

2ZM bi s 1 the BEPRGLI YSeciRS dndXiSreltRE HhABIE, thd fmeetscﬁq%ﬁes'sg&me@ﬁcruﬁhg a
conmput er system of claim 38, wherein Nis equal to 32 an Th

conput er  8sriAl OHiPYE tegmitiakegepleduten edspestive dat usgerndisel, esscrishgodlsiesmipal
flip-fl Op§eceNn?é a%o‘i\ths@ﬁe& Hsfﬁrgt écﬂxtrtoﬁ]?erﬁﬁﬁaq '}gce%}ﬁﬁaat hi sHRfigOntrol 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 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
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



V1' O 02/(178(1112 32 PCT/US02/118(150 41. A conputer system conprising:
conputer circuitry operable to performconputing functions; at |east one

i nput dewyvoaieosept ed to the conputer circuitry; at |east oaa/gsibpsisodevi ce
coupled to the conputer circuitry; at |east one data storage devices
coupled to the conputer circuitry; and a dynam c random access nenory,
conprising: a plurality of banks of melbry arrays, each of the menory
arrays containing a plurality of sub-arrays arranged in rows and col unms,
each of the sub arrays containing a plurality of nenory cells arranged in
rows and shiftwontol signavo dudfies somted deeninalonopliow the datackits/to ke shafiedddl ess

signal an 0 abl e..a _correspondi I of nmenory cells in one of the

sub- arrayq(}ti}? ﬁgﬁée{ﬁflﬁiﬁgesb‘%’lﬁ?‘gt,?wgn%g‘lhlﬂ%palaﬁ?tess decoder coupled to receive
a col um address siagRaéndsetof RicheabhEng aGer sfadRRRdieh hpuotcuiinagd couplear y
cells in one of the sub-arrays of one of the banks; a conmmand decoder

oper abl e tPdhp seeampebifeitgrseid A Ase fircotita biteniia fecapdsseh Rl IatthegeHERS: e
control si,gfa &%ﬂa?&@\ﬁ/: Bliuinl EARAGFId M%eéii%ﬁ@JeYdﬁQ%ﬁEQQﬁinﬁ[‘g Rrihead
ng evi ces edc

data path, co I SI ng: storage operable to store a
respect i vdodk tenuhaldateivingcecloel sigialy @ aohtralf tePmine! resspimglianggcond shifs of

sub-arrays; .a.firs us. hayi ng, Mt LI I ts.coupled.to PPM2 0o e _storage
devi ces; POl S alowing ‘%Filb%s éf’tq%e %ﬁﬁ‘?é’b‘?f’g the. ggcon fse} l?gqgttcﬁ fage

devi ces; Rspodshie @ethe @lock/ si%rmi,fz&id &1 ofitpuSeiialal gonvyRidgestSlesfUpleadcdr t he
first bus, each of the parallel-to-serial_ converters in the fjirst set

havi ng M ftap&signal indicative %féblﬁ PREFating platecntihe poped ptof lajehesi tad f rom t he
respect i ve sori Al quFguis TRFbS spGRAKRRIVEIS he' il tabls Send PRI i ve
dat a bus albpfihealats bissasibredfin theefitst et of Vatchds 1w e B8G0shified out of the first set

of latches and reset responsive 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

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 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 comprises

a dynamic random access memory.

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 columns;

a row address decoder coupled to receive a row 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 and to

enable a corresponding column of memory cells in the array;



33 PCT/US112/ 118050 parall el -to-serial converters in the first set being
operable in the first operating node to receive fromthe storage device

t hr ough t\e obiotgatz bus 2L/ P sets of parallel data each contrimiSegoddsP/ L bits
and apply L/2 bursts each containing 2M bits to respective data bus
termnals in the first set; and a secqnd set of L/2 parallel-to-serial
converters coupled to the first and s nd buses, each of the

paral l el -to-serial converters in the second set having Minput termnals
coupled to receive Mrespective bits fromjthe first bus and Mrespective
bits fromthe secoAdomipsnd deredprpaiable|to feseive mezor epmmands fomy a,cqpBadecond
set havi i i eyl C set of
2 1 ospads FRERGERHE oDk enl b ind (Rl BuRlly ePp s o ARE, 2
converters in the sesdndtagpeth, benmgingper able in the first operating node to

receive fromthe storage device .through the s b 2L/ P.sets of

paral | el data each cont ﬁisﬁ’faf% K Epeﬁiﬂ)ﬂesgoaﬁﬁre?g\? ggsp?{/jg"ﬁw%ﬁﬁgf’ Rerding,

cont ai ni ng 2MnitideSnd W BiR 9P e&th invesettaidadpbidting modd;nal s i n the second set, each
of the L/2 parallelto-serial converters in the second set being operable in

a second node to recei vfifst by hapiag SV dbisroupled fotbe sRragedsiethe first and

second buses L/P sets o : : Ml tLS and to apply
L/ 2 bursts each contai n|£1 ﬁ%%ﬁ%ﬂaglqgm@%ggc lleé\l/{ebqgﬁé\{gﬁg%%&%%’r mnals in the
second set. 42. The conpiirgsetsofpemitelab-sediadicomveiterswapled to tRe ifist bygyabcht o 8, L

is equal to 8, .and Mjs equal to 4. .43. The uter. system of clajm 41,
wherain 115 o QR peralleftcsauthionterigis i o bl BRYP R P cefifl B o 16
in the first gpRIINMREPERINE bRNHoM theirStHua) thé ParSlldlfo-tdiR] Conoateh i fiey ki Ny
node. 44. The conputer system.,of claim4l, erein the P*M storage, devices

conprise P*M fS¢t ivinggpepective\agsial paipyttepningls cauplescip e fiptisst af 2 gsnestives

met hod of tra kdpghi ARt 3o 85P LWkt LEG LhRlinQRer ating
node or a sec?%%q%l%gr}g‘%lﬁﬁs@ﬁlﬁ%g@ml?%e ne{:%ggﬁ écrgﬁlpt%]?é}ﬁﬁgéﬂ %?%?%%achilﬁg a first
set of 2N dat dirktidpsrating trode fa resdiveofoan dliei storageodbejce threofight thi firsgy bes S estoofl set
of N data bits in 1 second .oper at.i ng.node;. i.n.the first operati node,
transferring tﬂ%aﬂﬁ (%ate gfmg?lmgﬁlmsé‘%gﬁ?@y Néil\gﬁ“ﬁ%‘:ﬁc}b???tafr&?grﬁ;’ﬁgtq n
respective bursdpsctil dblaMubidsinaBmdkhe first B, s|@cond operati ng node,
transferring the second set of data bits to Mdata bus termnal _in M busts
of NNMbits. 46. The mefH8epndsset paparlll-toygiiat spwvertpis cqupledto Peclitst e ng a
first set of t j i sprefat chi i f e
menory array ?s%l:dgﬁftﬁsgéf te?%}gg opepr%ga'?l Flotﬁ;Sg;éﬁd&g{r]ée}gé%\kgﬁ@%lge%hgiftaﬁ FHtgé from
the nmenory ar riaguti tarngingle conpled dadecsiver Mt raspectidg bity Heonmehe duist dfus cAndi M 45,

wherein the aCr%sp%@ti\}%rb?tfs %}o%h{hg %ec%né ‘:)IESS, Ithesp%trallel-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 parallel-to-serial converters in the second set being operable in
the first operating mode to receive from the storage device through the second bus 2
sets of parallel data each containing 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 in a second mode to receive from the
storage device through 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 second set.



of 2N data bits conprises prefetching 2N data bits fromthe nenory array in
a single read operation 48. The nethod of claim45, wherein the act of

t ransf er Ryagr/dReuaf i rst set of data bits to 2M data bus tepagrrahBoson
respective bursts of NNMbits in the first operating node conprises:
transferring a first set of N parallel _data bits; transferring a second set
of N parallel data bits; converting tHe 2N transferred data bits to 2M
bursts each containing NNMbits; and coupling each of the 2M bursts to are
respective data bus term nal. WO (12/( 1781102 35 PCT/ USI 12/ ] #HOSM 49.
The method of cl ai H-45 TheHeempry devies lflaim 19 vebergiadN g pqualdeid? ape M. 50,
The met hqd @I ﬁj}im45, wherein the act of transferring the first set of
‘data bits a% data bus terminals in respective bursts of NNMbits in the
first operating node conprises: transferring each data bit in the first set
of N parallel data,bits_fromthe nmory.array.to_respective first storage
“devi ces; transferr%(ﬁg sgtehmd’aioﬁyb etvuiean P?La“%]e&%m heteny el\ﬁ?{ﬁg%l F¥Cdat a
bits frogolpeissErN fip-MohayN bf whidHEe LissEinIRE Stdns bpérageg avdeces;
transferring the N data bits in the first storage devices to 2M parallel-to

serial converters; transferring the N data bits i1l the second storage

devices to the 2M paral-pgl l'ngﬁbﬁleflé.v%e &%i‘tﬁﬁto?rcféimuﬁ, Nehehdife él?e%aralle -fo-

paral | el -to-serial converters to convert e 2N transferred data bits to 2M
bur st s ofsesarcpmlerteatempseh containing NV M bits; and applying the 2M bursts

Lo respecti ve data, Bug Lo( Y. RRbs Rabinds TN pRlal PN SIS RIE =TT Y

one of the first and second buses to receive and store the data bits, the first set of
latches further including 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 latches; 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 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 control
signal to the control terminal to allow the data bits to be shifted out of the first set of
latches when the flip-flop is set.

22, The memory device of claim 18, wherein the parallel-to-serial
converters comprise:

a first set of latches having a set of M parallel input terminals coupled to
the first bus to receive and store the data bits, the first set of latches further including a
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 the first set of latches responsive to the clock



termnals, conprising: transferring froman array 2N bits of data in a
first operating node and N bits of data in a second operating node, the
dat a bei Rgolhsaneb£rred through X sets of buses each havi ngcaywogvdpsef M
bits; converting the transferred parallel data to serial data; and applying
respective bursts of serial data to 2Y data bus termnal in a first node
and Y data bus terminals in a second 2fode, each of the bursts containing
NY bits. WO 02/ 078(102 3s PCT/US(12/118(15(1 S2. The nethod of claim$S
1, wherein the act of transferring the data bits fromthe array conprises

tr ansf ersignad, mdeardau@ubtenmrtahrgcn@htlm Bt bestsonsf fitstistelis sagrtal medicatyepini dt h of

Mbits. ,S3. Th alm ein the act of transferring 2N
bits of t %PB"“‘P ECeoc%e{ﬁ %V F‘ﬁ ﬁaét%l?l 58 c{operatl ng node conpri ses:
transferring N dabdirky flip-fioposst tddpomsrvetoyandiniitiye $1@nﬁ afuili'edet respohsiyaetoat i on;
and transferring N data _bits from arra secongéread

.oper at i éht 1T33§tat‘19n@g%@t1ﬂ@ﬁat5\‘g @ﬁfaallrpgihe”&mb&ﬁ Ftor 1%@19 t st ohdatehssi ng 2N
bits of }Q@E%eg tEE'% %fr tﬁ £ikd sEtﬂtﬁ” 1hiched reORB R 10 th M1 919@19§1§ﬁ§15the

transferring Bits rom menory array in a single ré&ad operation.
SS. The ﬂmtﬂmﬂhmﬂng }aalompst mmumé pelnpiedl tcethadirstafontmhwmmai tmgamy\lalﬁrsts of

data frao he arra rst Rera r rring N
data bi ti{1 f% FORE ?lh%%ﬁ%h; fé’is 8@% 1?12@ ai@ tgﬁgn}é’e t8 l‘?e Ship‘?‘{ P read
oper atlcuTthéf@métecsﬂlaﬂaneswmbmaelﬁma‘hﬁrﬂvp15l@a menmory array to a second

storage device in a second read operation; transferring the 2N bits of
i nf or mati on from @rfecqndrsst ofatehssbaring §t3%tr%fd\4 P&@}kh@@u‘gwlllmﬁé%%ﬂod of

clai m S5, WPRE&INA bulkCoaeleitd ahd 8105E e 49 béY tBE 58coRll set of latches further

including a serial output terminal coupled to a respective data bus terminal, a serial

clock terminal receiving a clock signal, a control terminal 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 an output terminal generating at least one second
status signal indicative of the operating state of the second set of latches; and

a second flip-flop set responsive 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 responsive 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
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 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.



data fromthe fromthe first and second storage devices conprises:
transferring N data bits fromthe first storage device through an N-bit
bus; and waosdémsnri ng N data bits fromthe second storage geyiygeigigpugh
the N-bit bus. VNO 112/ 11780U2 37 PCT/1JS112/118U50 57. The net hod of
claim51, wherein Nis equal to 32, Mis equal to 4, and Y is equal to 4.
58. The nethod of claim51, wherein thdSacts of transferring 2N bits of
data fromthe array in the first operating node and transferring N bits of
information in the second operating node conprise: transferring N data bits
fromthe nmenory arr i rAmenargteviegdonpeisaigi on in the first operating

node; and transferr] data bits fromthe no array in a secqnd read
operation in the fi?@?myﬁ'eﬁﬁ?ﬁd}fm%@ry %S’_terggh%t;%? P’ie’f‘i‘@f\;'l‘@rfﬁésc PUBIEE £ 1 om
t he menor pluedlitpyf bib-@rdyk lafrinde@ 3l rOPEERE bdlmhd) ehdleoB B ATELaRRR! BhiafhgTRde.
59. The rretrr:aiid of claim5l, wherein the acts of transferring 2N bits of

dat a frorTP]ﬂl e aetagmeny cellfarpnged dn ipEeat FHEABde and transferring N bits of
information in the §$§PMré§;p§Jc§aé{ e QTR rﬁ%fadﬁxre?sn%érﬁfeér‘ﬁ:}rg gﬁiméjs“ a

bits fromthe nenmory array in a first read operation i operating
nmode; andcarrespafdagriongf Medwiacels inone pfthe tsile-ameyeof yneaofitiwbanks; a first read
operation in the second operating nmode.. §0. The nethod of claimsS I,
wherein the acts of” foalérﬂgfgcirﬁsﬁlﬁ&?ﬁf E‘T“PEQ&P THALE %50 ”c?‘i_%l“‘é? f‘ﬁ?aliaﬁdtt‘l’le
first opeesbicncoiesonaing columist REnbREENS R dn oPhhe sh-REAV8bE G of thetblfkss econd
operating node conprise: in the first operating node, ‘transferring a first

set of N data bits &¢ummanddeaedspenerable @yregaiveamenery sgomaedsi fran  gommfnd st
o B e A e AU Al @ 1
a read data path, comprising:

P*M storage devices each operable to store a respective bits of data
received from 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/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 reépective 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 1/2
respective data bus terminals, each of the L/2 parallel-to-serial converters in the first
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 bits to respective data bus terminals in the first set; and

a second set of L/2 parallel-to-serial converters coupled to the first and
second buses, each of the parallel-to-serial converters in the second set having M
input terminals coupled to receive M respective bits from the first bus and M
respective bits from the second bus, the parallel-to-éerial 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 L/2 parallel-to-serial converters in the second set being



in the first operating node, transferring a second set of N data bits from
the nmenory array to the storage device in a second read operation; WO
11211178 0l3/036hePCT/ US1121118(150 in the second oper ati ngpaTmgEd2/08050
transferring a first set of N data bits fromthe nmenory array to a storage
device in a first read operation; and in the first operating node,
transferring the N data bits in the fi%st set fromthe storage device. 6l.
The net hod of claimb51, wherein the act of transferring the first set of
data bits to 2M data bus termnals in respective bursts of NNMbits in the
first operati rngembldandherfirst spgating maedsf torredeing &ers halstoragh devidgenthroygh the st set

of N parallel datag,bi romithe ry. array.t.o tive fir or age
devi ces; t ranéﬁ@Pai%t@@c Fle?sdgﬁ %ar%{gfq%‘)tﬁ e?%ec%%%lgﬂ%@fg’fts ﬁl%gﬁ%ﬁ yeﬂzdat a
bits from the vuRsDsAh Boritaiing QM BIRAE Edspactive 8D BEL 1BindhAYH HeyceRbdet, each

transferring the N data bits in the first storage devices to 2Mparallel-to
serial conver tod/ihe L2 pasalfebfo-seriy qomeeriqregintthe §paoad sef heing apsrabledn weeRse

devi ces 10t hey2palahl Boad B RELLARAMBILPES Frst ShdBeliOyaNI /P ses of

paral l el -to-serial converters to transterre ata bits to 2M
bursts of ser ipatalidbdasa emtdiniogPVAPMHI big ahid b fpplsL/2dmdtagph yomaninp @Vehthur st s
to respective tdata gius teﬁm'tnal.s] .6%. A mat hod of coupling data froma
menory array tOTHRIHVEIUE PUs RIHIAL e steASehg: transferring from an array
2N bits of parallel data in a first node and N bits of parallel data in a

second node, the parallel data being transferred fromthe array using a bus
having a width N, &8nverhs mpmany devies<alerlpioy 25amdieren Fois equab tQ s ilafs dat a;

and equal to 8, and M is equal to 4.

27.  The memory device of claim 25, wherein | is equal to 8§ and M is
equal to 4, and wherein P is equal to 16 in the first operating mode and P is equal to 8

in the second operating mode.

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

comprise P*M flip-flops.

29.  The memory device data path 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 including 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 latches; 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 latches have

been shifted out of the first set of latches responsive to the serial clock signal, the flip-



appl yi ng respective bursts of serial data to 2M data bus termnals in a
first node and Mdata bus termnals in a second node, each of the bursts
cont ai ni @ Y dshizt S. WO 02/ 07811(12 39 PCT/ US02/ 118( 151ec8@sofisesaret hod
of claim62, wherein the act of transferring the data bits fromthe array
conprises transferring the data bits through NNM sets of buses each having
awdth of Mbits. 64. The method of éFaim 62, 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
oper at i offtoparading amefhtpnt temyirdl detpdedic thefoootrot teeminahtr spdy p&hift porrdecond

read operation.,.65. The neth | : | 3 ferring
2N bi {5 SETELHoP OFEFSPAL P oo W ey Byts S0 B Shihel s §E el FE

t r ansf er nitetgesAMhethactha flpfopfis g0 t he nenory array in a single read operation.
66. The nethod of claim 62, wherein the act of transferring 2N bits of data
-fromthe array in the first operating node conprises: transferring N data
bits fromthe menmogy arfgy Jae%uﬁ%fdewﬁa St Qladge 25eieRid e phialigtolsedd
operation; transferring N data bits fromthe nenory array to a second

st or age demiegersicomarisecond read operation; transferring the 2N bits of

i nformation fromthe. first second storage devices..67. The t4hod of
claim62, wherein ?ﬁ]és%gfo%ﬁpc?‘?s‘aﬁasvﬂg?isﬁgo pgrafffslei bqpuh%?{rglqa So?ﬂugﬁegqg romt he
first andhégrobds & Acae ada iotethe atiisitss tife: first ot of Bchied furthet aiciudinga from

the first storage device through an N-bit . . .
serial output terminal coupled 10 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 the first set of latches responsive to the clock
signal, and an output terminal generating at least 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
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 respective data bus terminal, a serial
clock terminal receiving a clock signal, a control terminal 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 an output terminal generating at least one second
status signal indicative of the operating state of the second set of latches; and

a second flip-flop set responsive 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 responsive 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



bus; and transferring N data bits fromthe second storage device through
the N-bit bus. WO U2/ (1780112 PCT/ US02/ 080511 40 68. The nmethod of claim
62, wher eywp orghoequal to 32 and Mis equal to 4. 69. The roavbsudosdsocl ai m
62, wherein the acts of transferring 2N bits of data fromthe array in the
first operating node and transferring N bits of information in the second
operating node conpri se: transferrlngzﬁl data bits fromthe nmenory array in
a first read operation in the first operating node; and transferring N data
bits fromthe nmenory array in a second reaﬁsoperatlon in the first

oper at i ndatpkRscrespersiYe éﬁhﬁi%ﬁ?ri%]ag’ logkgggnaly S@Pﬁ%ﬂlh'él%h%’ﬁl}g g o|PYtn o
first re nar claim
.62, V\hergg}lﬁq% &tuk’?&l {ooptht%rtg)rrlls fe:%%ﬁﬁp% Q%ﬁl)l?s of atsgll@t ?%Jr%rl]%tl E%hgfﬁagél n the
first opeeeindnepnimmddemmdalt toaalbive tlre daja fitbite deoshifted onnef thersecond s ofecond
operatlna t”ﬁed ﬁ rise: f:l (rﬁferrltng 2N data bits fromthe nmenory array in
a first rasesophenitesaoond RAleR 1586t oher ating node: and transferring N data
bits fromthe nenory array in a first read operation in the second
operating node. 71. The nethod of claim 62, wherein the acts of
transferring 2N bi 8% of TetBemrprdavice ah clajmi g5+ reherein dhe IpErRY | #yisfode and
transferrj i r t he second operating node conpri se:

in the fi IP@' n%%grd ?rﬁlgcrérlrl{lgl Hldztgetrsgﬁg?b&rl ng a first set of N data bits from
the nenory array to a storage device |n a first read operation; in the

first operating no transferring. th the.first set from
the storage devi cegﬁl n {rﬁeemﬂ“P’@'t‘ﬂgB aﬁﬁgﬁw'o‘ﬁgerelf‘rﬂé%wg?lfc TAY L 8&E&Bnd set
of N flat Anddhdr§ cbipiiek A 8y PRATALYS c@ﬁwrarﬁomece%@ﬁeag@ device in a second read
oper ati on;

33. A computer system, comprising:

computer circuitry operable to perform computing functions;

at least one input device coupled to the computer circuitry;

at least one output device coupled to the computer circuitry;

at least one data storage devices coupled to the computer circuitry; and
a dynamic random access memory, comprising:

an array of memory cells arranged in rows and columns;

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

a command decoder operable to receive memory commands from a
command bus and to generate conirol signals corresponding to respective memory
commands; and

a read data path, comprising:

a first bus coupled to receive N/2 data bits from the array;
a second bus coupled to receive N/2 data bits from the array,
a first set of N/2M parallel-to-serial converters coupled to the

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



WO 112/117811(12 41 PCT/ US02/1180~(1 in the second operating node,
transferring a first set of N data bits fromthe nenory array to a storage
devi ce i nw@ dorgdo2r ead operation; and in the first operatimgr/osgaseso
transferring the N data bits in the first set fromthe storage device. 72.
The net hod of claim 62, wherein the aib 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 bit in the first set

of N parallel data bits fromthe nmemary array to respective first or age
devi ces: transf er r {eRgmelicRuRled b mseive; M TesREctys Laff drowy e%FSthuiagfeé?aFaé]I%f‘data

bits fromthe neno ; LVt HORRN essi Bk 8 A6 DUinEE Brminal
transferring the N{&ésae?lgr i yéﬁﬁriﬁfﬁlgcﬁ}r%tr%% st o'?agig Cgil;e/vigcezgl tig ZMHBg?esll lel-to

serial convert ers; coupladdh erfirstrsgt f ANE2N refpectivbideis bup terhimalseerondf the dV2Me
devices to the 2M paral .l el -to-serial . converters: using.the .

‘paral |l el -to-seri al B@gﬁq}g?-geé'}agc?rge%%%% \f? esgtzlifl?gr RS <laer Weadlzl%/{a?l?frﬁntgs to 2M
bursts of serial dabde el T didalaF@niNhdbBay cich adithising M/bitgtht Meb@Nhbur st s
to respective data bus termnals. A 9. A L2 .AFLR AL .A ,A&92 .AY; 9. A9l
CAF9% ALL . AR92 . Afach sa} heing gounjed tl_xrAggl]_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 respective data bus terminals in the first set;
and

a second set of N/2M parallel-to-serial converters coupled to
the first and second buses, each of the parallel-to-serial converters in the
second set having M input terminals coupled to receive 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 set of N/2M respective data bus terminals, each of the N/2M
parallel-to-serial converters in the second 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 terminals 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-serial
converters further being operable in the second operating mode to apply N/2M
bursts each containing 2M bits to respective data bus terminals in the second

set.

34, The computer system of claim 33, wherein N is equal to 32 and M
is equal to 4.
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’ a storage device operable to store 2N bits of data in a first

operating mode and N bits of data in a second operating mode;

a first bus having N/2 bits coupled to the storage device;
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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 N/2M respective data bus terminals, the parallel-to-
serial converters in the first set being operable in the first operating mode to
receive from the storage device through the first bus 2 sets of parallel data each
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 parallel-to-serial converters in the second set
having M input terminals coupled to receive 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
set of N/2M respective data bus terminals, the parallel-to-serial converters in
the second set being operable in the first operating mode to receive from the
storage device through the second bus 2 sets of parallel data each containing 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 in a second mode to receive from the storage device through
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

second 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 flip-flops, N of which are used in the second operating mode.
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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
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bits to respectivé 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
parallel data containing 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, wherein 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 equal to 8 and M is
equal to 4, and wherein P is equal to 16 in the first operating mode and P is 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.
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46.  The method of claim 45, wherein the act of prefetching a first set
of 2N data bits comprises:

prefetching N data bits from the memory array in a first read operation;
and

prefetching N data bits from the memory array in a second read

operation.

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 method 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
operating mode comprises:

transferring a first set of N parallel data bits;

transferring a second set of N parallel data bits;

converting the 2N transferred data bits to 2M bursts each containing
N/M bits; and

coupling each of the 2M bursts to are respective data bus terminal.
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50. The method 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
operating mode comprises:

transferring each data bit in the first set of N parallel data bits from the
memory array to respective first storage devices;

transferring each data bit in the second set of N parallel data bits from
the memory 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 storage devices to the 2M
parallel-to-serial 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.

51. A method of coupling data from a memory array to data bus
terminals, comprising:

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 transferred parallel data to serial data; and

applying respective bursts of serial data to 2Y data bus terminals in a

first mode and Y data bus terminals in a second mode, each of the bursts containing

N/Y bits.
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52.  The method of claim 51, wherein the act of transferring the data
bits from the array comprises transferring the data bits through N/M sets of buses each
having a width of M bits.

53. The method of claim 51, wherein the act of transferring 2N bits of
data from the array in the first operating mode comprises:

transferring N data bits from the memory array in a first read operation;
and

transferring N data bits from the memory array in a second read

operation.

54.  The method of claim 51, 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.

55.  The method of claim 51, wherein the act of transferring 2N bits of
data from the array in the first operating mode comprises:

transferring 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;

transferring the 2N bits of information from the first and second storage

devices.

56.  The method of claim 55, wherein 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

transferring N data bits from the second storage device through the N-bit

bus.
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59.  The method of claim 51, wherein the acts of transferring 2N bits
of data from the array in the first operating mode and transferring N bits of
information in the second operating mode comprise:

transferring 2N data bits from the memory array in a first read operation
in the first operating mode; and

transferring N data bits from the memory array in a first read operation

in the second operating mode.

60. The method of claim 51, wherein the acts of transferring 2N bits
of data from the array in the first operating mode and transferring N bits 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 operation;

in the first operating mode, transferring 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;
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memory array to respective first storage devices; ,
transferring each data bit in the second set of N parallel data bits from
the memory 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 storage devices to the 2M
parallel-to-serial 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 coupling data from a memory array to data bus
terminals, comprising:

transferring from an array 2N bits of parallel data in a first mode and N
bits of parallel data in a second mode, the parallel data being transferred from the array
using a bus having a width N;

converting the transferred parallel data to serial data; and

applying respective bursts of serial data to 2M data bus terminals in a

first mode and M data bus terminals in a second mode, each of the bursts containing
N/M bits.
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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 transferring 2N bits of
data from the array in the first operating mode comprises:

transferring 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;

transferring the 2N bits of information from the first and second storage

devices.

67.  The method of claim 62, wherein 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

transferring N data bits from the second storage device through the N-bit

bus.
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information in the second operating mode comprise:

transferring 2N data bits from the memory array in a first read operation
in the first operating mode; and

transferring N data bits from the memory array in a first read operation

in the second operating mode.

71.  The method of claim 62, wherein the acts of transferring 2N bits
of data from the array in the first operating mode and transferring N bits 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 operation;

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

from the storage device.

72.  The method of claim 62, 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
operating mode comprises:

transferring each data bit in the first set of N parallel data bits from the
memory array to respective first storage devices;

transferring each data bit in the second set of N parallel data bits from
the memory 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 storage devices to the 2M
parallel-to~serial 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.



