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COVPLEMENTARY BI TS IN A MEMORY ARRAY Technical Field of the I nvdnt 5dhl00
The present invention relates in general to nmenory arrays and in

parti culwio d2mssdsering two bits for each data bit in a memey/@it/amse
Background of the Invention Menory devices are typically provided as
irnternal storage areas in the conputer. There are several different
types of nmenory. One type of menory is random access nenory (RAM that
is typically used as main nmenory in a conputer environment. Most RAMis
vol atile, which nmeans that it requires a steady flow of electricity to
maintain its contents. A dynam c random access nenory (DRAM is a type of

2 transistor BRI AN HOR Egﬁ‘ﬁ%*g% S BRRIN AL on°°
inthe formof a "I" or "0"  bit MORY al charge on the’
capacitor. Since a capacitor will lose its charge over tinme, a nenory

* devi ce incorporating a DRAM chXnigdsﬁie]id%?llﬁLdﬁv lﬁ)(g{' c to refresh

(recharge) the capacitors of t ; r the information
will be |ost. Readilnhg ptdientShn€dn deh@s ingenecdtd mandry heaysdnidtinng t he
data back into the cell at a _predefined voltage |evel refreshes a cell.
The requi r edParigadnstogng pwp Rits Ky cach dpabit 1na peemenRaadenory dynani c
rather than static. Wiile a cell is being refreshed it cannot be read by
a processor. This causes systens incorporating DRAMS to be slower than
systens incorporating RAMS. However, DRAMS are nore commonly used than
RAMS because their circuitry iBackgmphépf tednixatiense t hey can hold up to
four tinmes as nuch data. Another disadvantage in using a typical DRAMis
the anount of power Magsi9debies seigsiadly providtd esihtdrhal stthpSareddlinghe

di sadvant age becones nore crucial as apparatuses incorporating nmenory
devi ces ar e cogruigredhers ase severad diffgient|tyzes of sygapory. One type of memory is

random access memory (RAM) that is typically used as main memory in a computer

environment. Most RAM is volatile, which means that it requires a steady flow of

electricity to maintain its contents.

" A dynamic random access memory (DRAM) is a type of RAM. A
DRAM memory is made up of memory cells. Each cell or bit includes a transistor
and a capacitor. A cell is capable of storing information in the form of a *“1” or “0”
bit as an electrical charge on the capacitor. Since a capacitor will lose its charge
over timc, a memory device incorporating a DRAM memory must include. logic to
refresh (recharge) the capacitors of the cells periodically or the information will be
lost. Reading the stored data in a cell and then writing the data back into the cell ata
predefined voltage level refreshes a cell. The required refreshing operation is what

makes DRAM memory dynamic rather than static.

While a cell is being refreshed it cannot be read by a processor. This
causes systems incorporating DRAMS to be slower than systems in_corporating
RAMS. However, DRAMS are more commonly used than RAMS because their
circuitry is simpler and because they can hold up to four times as much data.
Another disadvantage in using a typical DRAM is the amount of power needed to
constantly refresh the cells. This disadvantage becomes more crucial as apparatuses

incorporating memory devices are designed to use less and less power.

ES—



14 SEP, 2005 WO 02/082456 PCTIUS02!11136 2 For the reasons stated above,
and for other reasons stated bel ow which w | beconme apparent 1t4osgpl'|mgga
skilled in the art upon reading and understandi ng the resent .
speciWPP3OPHR6 there is a need in the art for a DRAM neéfdfSB&H¥e whose
cells can go for an extended period of tinme wthout having to be
refreshed Sunmary of the Invention The above-nentioned problens with
non-vol atil e nenory devices and ot het probl ens are addressed by the
present invention and wll be understood by reading and studying the

fol | owi ng speci f Foathe aensohsstated abobo didortother rBRANS rerwmrbelelewheeh havi ng a

folded arghitecture nenory array.of nmenory cells wherein, in a plan

view, eacH RERYPG apPRAset ‘?\ggosﬁﬁﬂ‘?fégé"waé‘r—‘i qngéﬁlg%ﬁﬂggﬂqer%‘ﬁgd' nenory
devi ce i 'b?ésla‘ eBifRRhGR i iof ndkaiih $heddrt ﬁﬁ%@RﬂM%éﬁé@?&évﬁ%'dlﬁ;s& 0 store
data bits and plurality of sense anplifiers. Each pair of associated

menory cekliscingd fotes eatehdedperimamfrtyne withovtchavgigatodeaefreshed bit and a
second nmenory cell to store a second bit that is a conplenent of the
first bit. The first bit and the second bit forma data bit. The '
plurality of sense anplifiers are used to read the nenory cells. Each
sense anplifier is coupled to m n r of menory cells.

Moreover, each S%ﬂgsb@m%gﬂ.%&{eﬂgﬂsm&,@%@%,%/09,'.\2&% REHSRRVIRE afd F St DIt

of the first nmenory cell second 0 menory cell to
read the otlak prdbléems hit addaishal byetib paesentinyeraidiRéai widhiss yndéesto@Ebhavi ng an
open architecture nenory array of nenory cells wherein, in a plan view,
each nmendfadingand studung Hiefolawie peoificatien. pRAM menory devi ce i ncl udes a
plurality of pairs of associated nmenory cells to store data bits and a
plurality of sendeommghbddiment, aE2RAM mgmorpdevieshaving edoldedory cel |'s

i ncl udes _a fti r[st mem)g)y cell.to stor?] z%vfi r.st. bait .ar\1}d a slgcond menory
cel | to SBMECHTGIERRD 1Y YHRFMPL lis SHhsrafefe® BIFT M- REXICBINY The
first bitce@Rds b red®f 6PTisklidcldsed MTae BR AVDInEmohh@evitdingludey a plurgigpse
anplifiers are used to read the nenory cells. Each sense anplifier is

coupl ed tod pains abassesiated engpagry cells to store data bits and a plurality of sense

amplifiers. Each pair of associated memory cells includes a first memory cell to
store a first bit and a second memory cell to store a second bit that is a complement
~of the first bit. The first bit and the second bit form a data bit. The plurality of sense
amplifiers are used to read the memory cells. Each sense amplifier is coupled to an
associated pair of memory cells. Moreover, each sense amplifier compares a voltage
between the first bit of the first memory cell and the second bit of the second

memory cell to read the data bit.

In another embodiment, a DRAM memory device having an open -
architecture memory array of memory cells wherein, in a plan view, each memory
cell has an area of 6F2. The DRAM memory device includes a plurality of pairs of
associated memory cells to store data bits and a plurality of sense amplifiers. ‘Each
pair of associated memory cells includes a first memory cell to store a first bit and a
second memory cell to store a second bit that is a complement'of the first bit. The
first bit and the second bit form a data bit. The plurality of sense amplifiers are used
to read the memory cells. Each sense amplifier is coupled to an associated pair of

memory cells. Moreover, each sense amplifier compares a voltage between the first



menory cells. Mreover, each sense anplifier conpares a voltage between
the first r WD 02/ 082456 14SEP2005 PCTIUS02/ 11136 bit of the fif PZ%S
menory cgld oARdsskhe second bit of the second menory cell %Qﬂr gnf%

data bit. 1In another enbodi mrent, a DRAM nenory devi ce inc es a nenor
array having a plurality of nmenory cells arranged in a folded digit I|ne
architecture, a plurality of sense anpl4fiers, and a control |ogic
circuit. Each nenory cell has an area of 6F2 and each nenory cell is
associ at ed t her menmory cell, rein. . each pair of associ ted
merory cel | IitOUPERES RsPIR AT AGT erse AR Stk ool oty BIES Pl
plurality ofgsemee anplifiers are used to read and refresh nenory cells.

» Each sense anplifier is coupled to a pair of associ ated nenory cells. The

cont ol 1 091C, €1 o4l ndiferBbal e A DROUMIRLNG X AREANIGRS a HORS

specifically, the contro circult selectiv res wor nes cghpled
© to associ at edraythaving aqdhiakitysofimémaryeells hr;ramgn:dan adbkied digit lifie Aathicaupé.ed to
t he aSSOCIated pair of menmory_cells can read and refresh the data bit

stored in tHePlBEty %ﬁseamlaﬁféﬂ apd ggeptreldpeis C"CH“aﬁa%E}e%Bﬂ‘FH%Srﬂ“ a’
DRAM menory deyy mz'an&lzm‘%ﬁe,ﬂo ¥ assBEfaftd Wit hilihé& rﬂé.p&gi deh m%rmry

cells arranged i'n an open digi I ne architecture, sense
amplifiers, caohlparobadsodiated ogintorg iceltustore cEamiemmmmbltsahdtt mzﬂ& uana dm ea of

6F2 and eac nory c | S ass ted with ano ry cell, wherein
each pair of ’ESWIHFSH'%HBW"H@ 1eSS AEYP ﬁgéﬁifﬁr}%ﬁng MUY CRlS  make
up a data - bfch od; senf@ am;}l‘i"ﬁ@} fed?@ﬁ%ﬁi;%?f@isbﬁia?éd%é’rh xapc%ﬂg e E@ﬁ}%fland

refresh nenory c Eac se a fier is coupled to a pair
associ at ed rﬂegmrcycmeisl wed tﬂmmwhthory bpgragons. rMoret spesifioaldy] thoocaomd r ol

menory operations ecifi aII e control, circuit selectively
fires word |§8% SEISffb‘ieEde‘t%B"%g B?Sd%/%lg eﬁe‘ﬂﬂ?ipc@é‘fq emonyef t“( Saneously so a .
sense anpl i f§]ﬁhlrm69ilg§'o b QerfsRAnpHSRFEIPR Bahé aQbciRAYaY FShdrfory@@lls I ead
and refresh the data bit stored in the pair of associated nenory cell

| n anot her exabaetidmmdtrefreshritherdaty bs;smrednmﬂanwmrségs@cm@basmory cedls.

In another embodiment, a DRAM memory device includes a memory
array having a plurality of memory cells arranged in an Obcn digit line architecture, a
plarality of sense amplifiers, and a control logie circuit. Each memory cell has an
area of 6F2 and each memory cell is associated with another memory cell, wherein
each pair of associated memory cells store complementary bits that make up a data
bit. The plurality of sense amplifiers are used to read and refresh memory cells.
Each sense amplifier is coupled to a pair of associated memory cells. The control
logic circuit is used to control memory operations. More specifically, the control
circuit selectively fires word lines coupled to associated memory cells
simultaneously so a sense amplifier coupled to the associated pair of memory cells

can read and refresh the data bit stored in the pair of associated memory cells.

In another embodiment, a memory system comprises a processdr to
provide external commands and a DRAM memory device. The DRAM memory
device includes a memory array, sense ampliﬁefs, and a control logic circuit. The
memory array has memory cells arranged in a folded digit line architecture. Each
memory cell has an area of 6F2 in a plan view. Moreover, each memory cell is

associated with another memory cell, wherein each pair of associated memory cells



provi de external commands and a DRAM nenory devi ce. The DRANI”EP?g P 2005
devi ce includes a nenory array, sense anplifiers, and a control Erl

ci rcuiWO oMe&4Shenory array has nenory cells arranged i n PEHGI3EH136i gi t
line architecture. Each nenory cell has an area of OF in a plan view
Mor eover, each nmenory cell is associated with another nenory cell,
wherei n each pair of associated nmenorydcells WD 02/ 082456 4 14SEP2005
PCT/ CUS02/ 11136 store conplenmentary bits to forma data bit. The sense
anpl i fi er Sicaé eonmphihdntary BAS o fopmi & dad bias The satse dmplifiersyare abddsfor @adhead
data bits. Each sense anplifier is coupled to conpare voltages of the
bits in aPas@faswgiated memery ¢rdlsdp {ﬁaééhaf

receive e%%ﬁ{%%?é V(ﬁ&gggﬁ?l?(gg Hl)?/ B % @cizﬁ@@%ﬁ%ﬁsgf mBRry C1fs0 --l{e%lon fc¥iit

oper ati ons. re sp , e contr circul't selectively fires word

| i nes coupt astd tb PerpRaxita@hsitomanaidy fioet the ppocaskdrandeosbyrdlan¢raed a dat a
bit. In another enbodinent, a nenory system conprises a processor to

provi de exapeianans-cMionasresificatly.dberogialiteny sdesiively fires avarkhenesHpled
devi ce | ”%g&%ia?edrﬁ&ﬂls}l&ac%h%%ul&ﬂ@&%l%ééh%’é&bi@”d a control |ogic

circuit. menory ar as nenory s arranged in an open digit
|ine architecture, Ea [ ell has an,area of. 6P in a plan view.

Mor eover, each m%?@@&ﬁ@"@ﬁs%%ﬁ?@é%‘?ﬂC%’Bf'ﬁf‘éraPfé’ﬁ%?r‘ el | .

wher ei n eggbviBékkichial BSHRRLAS £d MDRAM nEcPhdry deSice! The WRARMRRhREY bits to
forma data bit. The sense anplifiers are used for each pair of

associ at edlemsaongjudss|a rsemoryraseay, staseaigplifers Rnsha eantiend legipLiredier Thes

coupled to_ _conpare ts in agﬁgﬁiated airs
X

vol t ages t he bi P nory
col T ThanerBDB:S A4S wisPr e Atiradd i a SrfeBEIBS ARk ko ¢ e
processor mdfoty@teNdat bR hredMBFYin DPIah Aievl Mlorddves; esdefichicipkélyis t he
coni 70 circuit selectively fires word lines coupled to associated nenory

cel | s si massasriesiwit) apetheemamaryieallh Whierein eachapok ofassemdied mesary cellsDRAM
wnr o). Miore cBHleA oy USRS rorERA B Y hE TRkt Bl FERICH, hon ©
8F1 is di gairagessocidiel MBAVHEIBNY redd\datebits. Each sense amplifier is coupled to
compare voltages of the bits in associated pairs of memory cells. The control circuit
is used to receive external commands from the processor and to control memory
~ operations. More specifically, the contz! circuit selectively fires word lines coupled

to associated memory cells simultaneously to read a data bit.

In another emBodimem, a DRAM memory device having a folded
architecture memory array of memory cells wherein, in a plan view, each memory
cell having an areé of less than 8F? is disclosed. The DRAM memory device
includes a plurality of pairs of associated memory cells to store data bits and a
plurality of sense amplifiers. Each pair of associated memory cells includes a first
memory cell to store a first bit and a second memory cell to store a second bit that is
a complement of the first bit. The first bit and the second bit form a data bit. The
plurality of sense amplifiers are used to read the memory cells. Each sense amplifier
is coupled to an associated pair of memory cells. Moreover, each sense amplifier
compares a voltage between the first bit of the first memory cell and the second bit

of the second memory cell to read the data bit.

abitsThach sepse AMRlifes 5 goupled psed to -



I ncludes a plurality of pairs of associated nenory cells to stO{g gﬁg@s
bits and a plurality of sense anplifiers. Each pair of associa (§ nory

cells in first nmenory cell to store a first bit d
menory Cé{vﬁ%‘?@sz& ore a second bit that is a conpl enent o?%@ﬁ?]g’? bit.
The first bit and the second bit forma data bit. The plurality of sense
anplifiers are used to read the nenory cells. Each sense anplifier is
coupl ed to an associ ated pair of menory cells. Mreover, each sense

anplifier conpares a voltage between the first bit of the first menory
cel | and the second 1 anothsy empedimeab 3P aNomemeEY flevies haviRe ahePdat a bit .
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- menory devi c& havi ng an o arc |te ture nenofy nmenory cells
wherein, in aelpha\nngaemeaeadﬂss thanm8iFy. TlmaeDRAlemgo@mearcean«lﬁddsas;ﬂuﬁah@n
8F2. The DRAM.menory device includes a pluralijty airs associ at ed
. menory cel | s Of Baisy frassepated memenagrdis 10 ST dag by %d%éﬁ‘é‘é“y ShifS¢ i er s

Each pair of aﬂ@ﬁﬂg}saﬁ Eécon%ss&{%tleﬁ xﬂeﬂiﬁrygﬁi‘s iBchlEsS) ﬁ&?Wrﬁ/dorg%Ll

store a first DIt an menory celf to Store a secon it t
a conpl enent stopd a fiked bitiand & sbédnd rﬂ'dmorbxlceﬁto fote aamdobcﬂlbitslm:drrmicdsmplememrn a
data bit. The ﬁyurallty of _sense %[s are used tg read the nenory

cel I's. Each SEHedraibil| Thedirst yt é‘&ﬂﬁ%‘l“éﬁ?of’g irform adatq tit-e fihe,plupality Off@#ﬁf’ry
cells. MreoyghfeAth. ﬁ&ﬂ%@r&ﬂ%é fn'eﬁfog%@ﬁéa'ii‘%@h eereg%;@ﬁ er ﬁ%\@ﬁe&um@

first bit of the Tirst nmenory t he second bit e second
menory cell tassocaed pahmfdw&mor’glceljs IMomeﬂ;eachesnbmjamplmtﬁc;r compatdsadothge

operating a fol ded d| marmr ray havjn pl uraI ity of
menory cel | s beivseaithe th‘éogﬁ‘ﬁgR)Al"éWm@éE ‘5@1‘?0‘:“ 't‘L‘P‘? ﬁ% SE9PYr ea of
6F7 is di scl on&thry TER (ORI BR LMMEI Sing, storing a first Dbit in a first
nmenory cell, and StOI’I ng a second bit that is conplenentary to the first

bi t d
Porma data bit. T EisbRer emBBBRERD sbhdd Eelpehiung 1l ERREBROLY

digit line D%orymrmyyaangaplmduymgn&mirytalsiwyerei‘n ireaplay véev,leachvher ei n,
in a plan view, each menory ]1,‘ s an area of 6F7 is _disclosed._The
met hod conpr lr%qrp@'y cell has Mpee pf Zs 1sclosed The method comprising, storing a first

bit in a first memory cell, and storing a.second bit that is complementary to the first

bit in'a second memory cell, wherein the first bit and the second bit form a data bit.

e In another embodiment, a'method of operating an open digit line DRAM
memory array having a plurality of memory cells wherein, in a plan view, each
memory cell has an area of 6F2 is disclosed. The method comprising, storing a first
bit in a first memory cell, and storing a second bit that is complementary to the first

bit in a second memory cell. Wherein the first bit and the second bit form a data bit.

In another embodiment, a method of operating a DRAM memory device
having a memory array with multiple memory cells arranged in a folded digit line
architecture wherein each memory cell has an area of 6F is disclosed. The method
compnsm storing a charge in a first memory cell, and storing a complementary
charge on an associated second memory cell, wherein the charge in the first memory
cell and the complementary charge in the associated second memory cell together

form a single data bit. .

In another embodiment, a method of operating a DRAM memory device

having a memory array with multiple memory cells arranged in an open digit line



bit inafirst menory cell, and storing a second bit that is 4 SEP. 2005
conplenentary to the first bit in a second nenory cell. V\heréi n E[h@
first bMO ®4824%e second bit forma data bit. In another BEHBHR2AeN6, a
met hod of operating a DRAM nenory device having a nenory array with
multiple nmenory cells arranged in a folded digit line architecture
wherein each nenory cell has an area of 66F i s disclosed. The method
conprising, storing a charge in a first nmenory cell, and storing a

conpl enent aarghitechae gdemin eathasenoryatetichas es area af®ldrsydisdbded. Ae masdtiod he
charge in the first nenory cel.l d the conplenentary charge in the
associ at ed SYRIIRPEEYHPG acggp{gctxgaz'{]rﬂerpemgrgrﬁe @Hﬁtﬂrg‘ qoénlﬂgxp;mpw anot her

embodi ment ,cmg&mﬂas%ciﬁe@géédnagnénwé%ﬁwmmndﬁymﬁge [tAhE figsta menory
array with nultiple nenory cells arranged in an open drgit line 1 4 SEP

2005 WO 021082456:11RGHE.the tatplemefbEy cltarge mithe essoniatedseerrsd memaghcetlenor y
cell has an arsa 1pf 6F_i§ gi S%[ osed. The nethod conprising, storing a
charge in a9FPER IORRASIRBICERR Pind storing a conpl enentary charge on an.
associ ated second nenory cell. Werein the charge in the first menory
cell and the conpl éﬁé@@‘g¢f;ﬁfﬁm'§§“%ﬁfftq‘l@d&§§6ﬁ wHmemosy eclbdhary cel |

toget her f op@AdSid ggﬁhgg%m&ﬁfﬁ%@?%gﬁé M seddn T 5508 Elr%e Tory

refreshi ng nenory ce g a nmerbry array o

cel | s arr angsdarchiteaturé ohelsh,di giplan Viewgeazh ofdrh@gtcell havhe arianf 6Fhisa pl an
view, each nenory cell has an . area of 6F2 is _disclosed. The nethod
“conpri si ng, s¢levedn dhg meathed cqapprisipg, storinga fingEhib i a HEgtmenagry eelhtoging a
conpl enment Loy - [ oTaTo s Y. . t,n the
Firot b SRR e odd i A R e Rl S T TRl e R BT
vol t age di fdmelibacempleaicnaeynsddoad bitrfeim bidataitit, chephiingh vokagerdifferehde and
the second bit in the second _nenory h a sense. anplifier to read

: LW :
the data biRSWPELPEATHEIIAANG flfsgmemq&gﬂ‘ b erFiag HEIRIPG SEeP! to a
predet et I &m0y LAOFith & Ylse AYEAPRI R60 1 JREHRSERBHPIHe frd bil ATheecONd

menory cell to a predetermned voltage level. In anot | ment, a
nmet hod of riefst eshiongcatetoor pred@tinsinedivaltage level, and restoring the second bit in

the second memory cell to a predetermined voltage level.

In another embodiment, a method of fefreshing memory cells in a
DRAM memory having a memory array ofasemory cells arranged in an open digit
line architecture wherein, in a plan view, each memory cell has an area of 6F2 is
disclosed. The method comprising, storing a first bit in a first memory cell, storing a
complementary second bit in an associated second memory cell, wherein the first bit
and the complementary second bit form a data bit, comparing a voltage difference
between the first bit in the first memory cell and the second bit in the second
memory cell with a sense amplifier to read the data bit, restoring the first bit in the
first memory cell to a predetermined voltage level, and restoring the second bitin

the second memory cell to a predetermined voltage level.

In another embodiment, a method of operating a folded digit line DRAM
memory array having a plurality of memory cells wherein, in a plan view, each
memory cell has an area less than 8F2 is disclosed. The method comprising, storing

a first bit in a first memory cell, and storing a second bit that is complementary to



DRAM nenory having a nmenory array of nmenory cells arranged in an open
digit line architecture wherein, in a plan view, each nenory cel]l %U an
area of 6F2 is disclosed. The nmethod conprising, storing a fit&tSERiltWi n

a first mﬁﬁézﬁﬁl |, storing a conplenentary second bit pprRReASIHRCI ated
second nmenory cell, wherein the first bit and the conplenentary second

bit forma data bit, conparing a voltage difference between the first
bit in the first menory cell and the secend bit in the second nmenory
cell with a sense anplifier to read the data bit, restoring the first bit
inthe firs

| | d 14 I I | [
the second DI R Dna secoet e niar - Ehr it 4% bIAGe MR e b lg "

| evel . I n anmptdwt . enbodi nent, . a met hod of operating a folded digit line
* DRAM nenory array having a plurality of menory cells wherein, in a plan

view, each ~menory gell a%ﬁ]éﬁé}nﬁ&_ﬁﬁaeh@f%ilémﬁfgf;}/ﬁiggiaﬁ%gﬁQléit ffHee net hod

conprising, storing a first bit inafirst ne I'l, "and“storing a

* second bit tINRAM meomnp hearhivanga plurdity oS eellAovi2¢ifSindgdan view,

PCTI US02/ 11136 7 the first bit in. a secgnd Tor | | rein.the
Firstobit afdoh memegnesbianad aer ihia® G5 B hs oRned cfheeREPoEREU B men:
a nethod of st et £iRObikth SRER nfintir} cd1l, R8d stBAM R dbiddhady having a
plurality of nmenmory cells wherein,”in a plan view, each nenory cell has
an area of |cegwlerhemargfo il faisslal psestcoithmemenherll. cWbpreisihadirst bsttanditmg - a
first bit in a fi r.sé) rren;ga{u}/ cell, and storing a second bit that is

conpl ement ar§YY Bhiorma@a ity i 4 second memory cell. Werein the first

bit and the second bit forma data bit. Brief Description of the
Drawings Figure 1 is a schematic diagramof a DRAM nenory cell of the

prior art; Figure 2 is a plan y¥iemHeicAglaMmohe Bl digit line

architecture of the prior art ;‘Er‘g[]?é“gﬂ—r‘s—ﬂ‘c‘ﬁm%%i c diagram of the
physi cal | ayout of &iguopeis dsapeinatit diagram ofid DRAMmeemenyeel) obfhetpror prtj or
art; _ .
Figure 2 is a plan view diagram of an open digit line architecture of the

prior art;

Figure 2A is a schematic diagram of the physical layout-of an open digit

line architecture memory of the prior art;

Figure 3 1s a table that illustrates the waveforms during a typical read or -

write operation in the prior art;
Figure 4 is a schematic diagram of a typica] sense amp of the prior art;

Figure 5 is a plan view diagram of the physical Jayout of a folded line

architecture memory in the prior art;

Figure 5A is a schematic diagram of the physical layout of a folded line

architecture memory in the prior art;
* Figure 6 is block diagram of a memory system of the present invention;

Figure 7 is a schematic diagram of the physical layout of one
embodiment of the present invention wherein the memory cells have an area of 6f2

in an open architecture digit line array;



Figure 3 is a table that illustrates the wéveforrrs.during a ty@il' F mﬁad
or wite operation in the prior art; Figure 4 is a schematic |§$‘a of
a typwediz/@sessse anp of the prior art; Figure 5 is a pl dCwEswtidagr am of

t he physical layout of a folded line architecture nmenory in the prior
art; Figure 5A is a schematic diagram of the physical |ayout of a fol ded
line architecture nmenory in the prioB art; Figure 6 is block diagram of
a nmenory system of the present invention; Figure 7 is a schematic di agram
of the physical IFeY®i9h seHenATEEAHraRYr 18f piysRaPRgGRIYf chévent i on wher ei n
the menory cells have an area of 6f" in an open architecture digit |ine
array; l4#ngrdimepiggshe pyosoninepngs wherindganamarygels kvpancaren ofsd

schemati ¢_di m Qf 1 he physical |ayout of one enbodinent of the

pr esent i'ﬂ\%efﬁﬁeor?rc\?oﬁtg‘%téllren&tgﬁ'"ﬁgaﬁrgyy cells have an area of 6f1 in a
folded architectyre digit line array;, Figure 9.is a schematic diagram of
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il lustrating conplenmentary nenory cells not being |ocated adjacent to
each ot han a faelddd digjulime difay, sllustriatibg eomnplamentarymemareeclishiet beivgf or ns
during a,read, or. wite peration of one enbodi ment of the present

i nvent i orlo4%d %‘fﬁ‘éﬁﬁ“ﬁb@%ﬂi GoM%f the Invention In the fol |l owi ng

detail ed description of the preferred enbodi nents, reference is made to
t he acconpanyi ng FéguailAdsa tapkg bat Blypiates the Mavetorss foraga read oryiteh i s
shown by lel ' I.f] I ed enbodi nents in which the
i nventi or??%}r%@;]gefob?%%{b?@e"?. t%ﬁ@%ﬁ%%ﬁ@&?%@% s are described in
sufficient detail to enable those skilled in the art to practice the

I nvention, and it is to be understood that other enbodi nents may be

utilized and that |ogical, nBaHd Bedcristich 6f 8% Liveadbn

In the following detailed description of the preferred embodiments,

reference is made to the accompanjing drawings, which form a pait hereof, and in
which is shown by way of illustration specific preferred embodiments in which the
inventions may be practiced. These embodiments are described in sufficient detail
to enable those skilled i1n the art to practice the invention, and it is to be understood
that other embodiments may be utilized and that logical, mechanical and electrical
changes may be made without departing from the spirit and scope of the present
invention. The following detailed description is, therefore, not to be taken in a
limiting sense, and the scope of the present invention is defined only by the claims

and equivalents thereof.

The present invention operates a DRAM memory array in a half density
mode. That is, the present invention uses two cells of the memory array to store
each data bit. Although this approach reduces the overall capacity of the memory in
half, it effectively expands the peﬁod of time needed between refreshes of the
memory cells. This leads to numerous advantages over the prior art. To better

understand the present invention, further background is first provided.

Referring to Figure 1, a DRAM memory cell 200 s illustrated. The cell
200 1s illustrated as having a capacitor 202 and an access transistor 204. The

capacitor 202 is used to store a charge. The charge represents a bit of information.



changes may be made w thout departing fromthe spirit and scope of the
present invention. The follow ng detail ed description is, theﬁéﬁBflﬁDﬁ not

to be t 0. limting sense, and the scope of the pr i ntion
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invention operates a DRAM nenory array in a half density node. That is,
the present invention uses two cells of ghe nenory any to store each
data bit. Although this approach reduces the overall capacity of the
menory in |f, it effectively expand he periqd qf t] .needed bet ween
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background is first provided. Referring to Figure 1, a DRAM nenory cel l
200 is il | ushegeeddisdlregakirom t(ROCapasitord 202s tA wostlimesis lcavpled)toea cmpaki t or -
202 and an access, transi stor 204, capaci taor 202 ig. used to store a
char ge. The RIRGIqRE FaisFL RISt Whin § HRGS Ak g word Jingapnaigafe

02/ 082456 PCh JARE tndifier Q@&eéﬁcé&]%ﬁﬁbéérﬁrar%pglgggé(%r Bk 8f akgegh for

the capacitor 2027 That is, the access transi sjor controls when a
charge is plstwedionthet dapactyp 0L i shag@witlaadowivetivadigolmegeupled ti the Hammed

f th it 202. A i i |l ed t .0|. t f th
heoess. tr andl hecostiringhisn 2% A charke SSUHEn Bt fr e ns PARSE 1 ho
control  gat &ugflifleP8nd (1RADrSLeed20 detcfhme tidtibstHRRIPERSccIBN0. idLe (o

| ack of charge) stored on the capacitor 202 is shared with a conductive
digit |ine celepledduantityiof celistiopetherf, sudbghatdheedistalengss giver digddine Tninst

ot ocessed t ot e vioed bk e B sely Iened edp oot FAF phpo Gl et aq
o ot shar e T e ol [ s o o o CareB L d 1 e
do not shar dhepsandseronitensiaf celle, forns a menory array. A typical menory
array contains thousands or mllions of cells. A plan view of a portion
of a DRAM nmenory ‘ar Aaplan siew dfusporade df 8 DRANgoergord.artay i§ Hiustreedimpl e of a
DRAM mremory 1%5151%%, llg }%lsj%karggllc lo? a%I?A ;ngr%gr):[ a?rrasy g{l(?ut, cells are paired to share
a common contact to the digit line (DL), which reduces the array size by eliminating
duplication. This layout is arranged in an opén digit line architecture wherein each
memory cell 100 has an area equal to 6F2. That is, the area of a memory cell 100 in |
this layout is described as 6F2. As illustrated in Figure 2, a box is drawn around a
memory cell 100 to show the cell’s outer boundary. Along the horizontal axis of the
' memory cell 100, the box includes one-half digit line contact feature 102, one word.
line feature 104, one capacitor feature 106, and one-half field oxide feature108 for a
total of three features. Along the vertical axis of the memory cell 100, the box
contains two one-half field oxide features 112, 114 and one active area feature 116
for a total of two features. Therefore, the total area of a cell 100 is 3F*2F=6F2.
Moreover, as Figure 2 illustrates, pairs of cells in a row are isolated from other pairs
. of cells in the row. This is accomplished, in this example of an open digit line
architecture, by grounding selective word lines (not shown). A discussion of
DRAM circuit design ihcluding open digit line architecture is provided in Brent
Keeth and Jacob Baker, DRAM Circuit Design, A Tutorial, 1-103 (JEEE Press

2001), which is incorporated herein by reference.



a conmon contact to the digit line (DL), which reduces the anrafPsiiiie by
elimnating duplication. This layout is arranged in an open digit |ine
ar chi t e¥MA92084¥¢r ei n each nenory cell 100 has an area equST/U8026R136That
is, the area of a nenory cell 100 in this layout is described as 6P. As
illustrated in Figure 2, a box is drawn around a nenory cell 100 to show
the cell's outer boundary. Al ong the hodPzontal axis of the nenory cell
100, the box includes one-half digit Iine contact feature 102, one word
line feature 104, diefecappaciligure 2éahsclenidE,disgrdmod @onadf off anadpdnaixgide
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Therefore, the total area of a cell 1s 3F* z. Moreover, as
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architecture’is provided in Brent Keeth and Jacob Baker, DRA rcuit
Desi gn, A Tenuplddhio, thd edlDa8nd itEE&implemestary2digit linewind Hist itialhcequpldrated do
herein by reference. 14SEP2005,\ . VO Q0 2/0 4.5 .6 PCT/US02/11136 10

Ref erring tgc?—"?d_ﬁ’fté'_ ARP yé"%g!ﬁg%é’f?scvog‘f'ﬁﬁ?oa&é‘fg’bld?etsiaga thgn é‘?‘”dﬁ% Cdi gi t
line DRAM agipiVides 1 HbsTahds ik dighainel b b eqiflrhdia Ve cAN s e dnel ufF2. As
illustrated, "sense anplifiers are coupled between digit line D and

conpl enent adigit ltheghavé beea eQutlibaated beVow2 nolDO theydreommpinghratindtate yueltogi t | ne
DO*. Cells with a I bit 'car]1 be expr eg)séed as havi n%s +Vcc</2(\/@%jor ed on
them and cel¥ APRHICH HiVO ‘8&‘?_1“‘8&.5_3‘_ PrEssERsarnd ARYve, VesAtRIF 2 st or ed
on them Toyg) 12 rdTBIR 86 £V dcp) & HEDAPplct 16 a v BhEdotfled RAREGEN 1B TS
conplenmentary digit line are first initially equilibrated to Vcc/2

vol ts. Appl seadg Focexampleas celbM laigdo be raadea voltage dfiVeep inapplicH ém ward g ng

the digit Lines.to, float.causes t digit.lines,t uilibrated to
Veor 2 val s VI Rudng o el HR e O s b et 4 P2, S LR B ol .
t hey remai ncdpacibredsf Ml 3¢ shadetbwith didifieid DO2PRfespEite fo the shateiaBargbhdt is at
| east one transistor Vth above Vcc (this . )
. voltage in digit line M1 either increases if cell M1 stored a 1 bit, or decreases if cell
M1 stored a 0 bit. Thereafter, sense amplifier 220 compares the voltage in digit Iine

DO against the voltage in digit line DO*.

Referring to Figure 3, the waveforms during a typical read or write
operation are illustrated, wherein cell M1 has a 1 bit stored. The magnitude of the
voltage difference or signal (Vsignal) between digit line DO and digit line DO* is a
function of the cell capacitance (Ccell), the digit line capacitance (Cdigit), and the
voltage stored in the cell prior to access (Vcell). This can be expressed as Vsignal =
(Vcell * Ccell) / (Cdigit + Ccell) volts. For example, a design in which Vcell =
1.65V, Ccell = 50fF, and Cdigit = 300fF yields a Vsignal of 235 mV.

After the cell has been accessed, sensing occurs. Sensing is necessary to
properly read the data and refresh the cells. A simplified illustration of a typical
sense amphfier is shown in Figure 4. As Figure 4 illustrates, the sense ampliﬁer
includes a Psense-amp and a Nsense-amp. The Psense-amp includes a pMOS pair

of transistors, and the Nsense-amp includes an nMOS pair of transistors. Also



voltage is referred to as Vccp) is then applied to a word line coupl ed to
the cell to be read. For exanple, if cell ML is to be read b4 9P t%e of

Vecep i s i word line WO after the digit |ines are
P o s( 0 c i At

equi librate c/2. The charge on the capacitor of M i's'S are& W th
digit line DO In response to the shared charge, the voltage in digit

line ML either increases if cell M stofed a'l bit, or decreases if cell
M | stored a0 bit. Thereafter sense anplifier 220 conpares the voltage
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capaci tance (Cdi gLt ng. t ol el | Lor to.access
(vpcerr) T@fio g '%%r tﬁaﬁ%@g& Jﬂ@g?dg’égp %0(‘@8@0 o2 ‘EEQM(;’QP&( iigit +
Ccel ') vol tﬁans%%rsem JSMO@ SSIf@RAnbiBoydtir6 furkéd bff= Whefa¥ell §RIckssed S0F F,
and Cdigit =.300fF yiel ?@?I of 235 nV. After the cell has been

accessed, s@ramsrrgupieém SltheSQQﬂr 8 Wé@%@ﬁﬁ;ﬁnﬁe OCCFHf ppeimegn POandt he dat a

and refresh Lified il trat typic ense
anplifier 8@)}11"’ wel é'l?ﬁ’ gréﬁ h"ﬁ?s“l‘—"%ﬁ? a]aﬁge #rPWstgFggegé,/C%fsr\g'es%lﬁse
anplifier m@qlmﬂe@was RS2 nsgerenddion it sen dgﬂg@aﬁ’éﬁ).- The Psense-anp
includes a pMOS pair of transistors, Nsense-anp i ncludes an nMOS
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| abel ed in Figure 4 is node ACT (for ACTive pul on tHe Psense-anp,
and node NiegtientiaNyeths Nsanye- hmp'rfhrs)t @)ﬁoWh@bMﬁﬂ%nmﬁampAGmeMnM_Mp is

provi de power ..and. gr n Initiall LAT* 1s biased tp Vcc/ Act is
bl ased t b VBEAR hISF AT bl e LA B olifen SFiere: PeeenSIahr oo
are both at )Gk Aigit RsMpR BRI VB! the hVDS tah Q&S AMdsd fite RN t0Of
transistors are tur ned o When a cell is accessed that is coupled to

ei ther DO orhemazheraometcage lige bégiretecondedudbismendeeiori@usgsdhe DO~ Wi l e
one of the dl lgage drgl{1 fite Cl)nt 1SC %rg%g %\ggrdflll;eolm_qu‘ \(/:o%lalge.a t?nslgtély, MAolt"h?r
will reach ground, and the digit line will be brought to ground potential. Sometime
after the Nsence—amp fires, the Psense-amp 1s actlivated by bring the ACT toward
Vce. The Psense-amp operates in a complementary fashion to the Nsense-amp.
With the low-voltage di git line approaching ground, there is a strong signal to drive
the appropriate pMOS transistor into conduction. This conduction charges the high-
voltage digit line toward ACT, vltimately reaching Vcc. The capacitor of the cell
being read is refreshed during the sensing operation. This is accomplished by
keeping the access transistor of the cell on when the Psence-amp is activated. The
charge the capacitor of the cell had prior to accessing the cell is fully restored. That

is, the charge will be restored to Vcc for a 1 bit and GND for a O bit.

A commonly used architecture for a DRAM array is a folded line
architecture. A plan view of a portion of a folded line architecture array is
illustrated in Figure 5. In this folded line architecture array, each cell is illustrated as
having an area of 8F2. As illustrated, a box has been drawn in Figure 5 to illustrate a
cell’s outer boundary. Along the horizontal axis of the memory cell 120, the box

includes one-half digit line contact feature 122, one word line feature 124, one



digit line serves as a reference for the sensing operation. - ,g\fStEqarm[;ahe
cell is accessed the sense anplifiers are generally fired se&uentially,,
t he Ns&{¥02/083p56f i rst, foll owed by the Psense-anp. The NsBOBESeai136

fired by bring NLAT* toward ground. As the voltage difference between
NLAT* .and the digit |ines approaches Vth, the nMOS transistor whose gate
is connected to the higher voltage did2t line begins to conduct. This
conduction causes the low voltage digit line to be discharged toward the

NLAT* vol t eagacitdd featips El6y ondlpéil featuid1R8 nadohe-pald sl oxide fdahee dBQidrd i ne
wi |l be brought to ground potential. Sonetime_after the Nsence-anp
fires, thelotlohddeainiesi Alars theaerirabyxipef Hig celld 2Rcthe bgngpptangdwo opere
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the | owvoltage I'né approachi ng groun ere Is a strong signal
to drive feamrép Priepéfod, ehepdvEXof tharsil 3¢ 4F*2Fa8B2.conducti on. This
conduction charges the high- voltage digit line toward ACT, ultimtely

reaching Vcc. The TPRelehsy inGfed HahE 8F celR®d Mk t08RE stagdritfgdTsheseIdyR i NY
t he sensing operation. This is acconplished by keeping the access

t r ansi st orthefamafie Stagigeriog theresHs alew Peaahceordpeite cannecy withd. trapkistorohar ge
t he capacitor of tge'ﬁﬁllﬁgad grirﬁ]hg.accessinp t e-c%#f 'slnull¥
restored. SYAY Othef dizgithine, (TG accompfiph [hus arianegment each weard e AP and
GND for a folthd the/ceTTRRL¥IASSSI IR TERAIDEE HER 1ineS anHiERMOAI TR, ihe a

folded line architecture. A plan view of a portion of "a folded line
ar chi t ect usteggeringyofitke meimiogs celkstreshlisnn Bieldpody B edch celitkatfaddsoiend $quace

architecture arra ch, cell . is,illustrated as having,. rea of 8F2. As
| FUst r at el oo AERCLER fpdeiine A RisBhE s WppRfipag P AR A dRe a4

out er boungl? yembhPEdl inh dpeh uzaNimd arakikden?t.  ReferiBI® FighRd 3A 120, the bex
i ncludes one-half digit line contact feature 122, one word |line feature

124, one 1schegm@pc dpgrmphadolded §noarchgeqout/igydhysirated. ] Beure Saabwci t or
feature 12 e [ fe r nd_ onpe-.hal i,el ihde. feature 130
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area feature 136 for a total of two features. Therefore, the area of the
cell is 4prgpslaause they are generally less complicated to incorporate in dies.

One embodiment of the present invention is illustrated in Fi gure 6.
Figure 6 illustrates a simplified block diagram of the relevat parts of a DRAM
mefnory system according to the present invention. A DRAM memory device 300
includes control logic circuit 320 to control read, write, erase and cher memory
operatio'ns. A column address buffer 324 and a row address buffer 328 are adapted
to receive memory address requests. A refresh controller/counter 326 is coupled to
the row address buffer 328 to control the refresh of the memory array 322. A row
decode circuit 330 is coupled between the row address buffer 328 and the memory
array 322. A column decode circuit 332 is coupled to the column address buffer
324; Sense amplifiers - VO gating circuit 334 is coupled between the column
decode circuit 332 and the memory array 322. The DRAM memory device 300 is
also illustrated as having an output buffer 336 and an input buffer 338. An external
processor 340 is coupled to the control logic circuit 320 of the memory device 300

to provide external commands.



The increase in area of the 8F2 cells is due to the staggering of thﬁ%
cells in the array. Staggering the cells allows each word i neh 8&P 1 5
connect i transistor of every other digit line. To |j this
arrange QP”@B&:HS word |ine must pass around the access ?%%bi’pg on
the remaining digit lines as field ploy. Thus, the staggering of the
menory cells results in field poly in eaf,j'n cell that adds two square

features. An 8F2 cell in a folded Iine architecture is approximately 25%
| arger than a 6F2 nenory cell in an open digit line archifecture.
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menory system according to the present invention.” A DRAM nenory device
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is also illustrated as having an output buffer 336 and an input buffer
338. An ext epheamplpmerianysests.340 is coupled to the control logic circuit
320 of the nenory device 300 to provide external commands. 1 4 SEP 2005
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memory cells having a 6f2 area. As stated above, the present invention stores two
bits for one data bit wherein the bits are comp]emcntary to each other. That is, if
cre memory cell represents a 1 bit (for example, a charge of +Vcc/2), the
complementary memory cell represents a O bit (for example, a charge of —Vcc/2).
The present invention suppiies the 1 bit to one digit line and the O bitto a

. complementary digit line wherein a double differcntial is supplied to a sense
amplifier. For example, referring to Figure 7, a data bit is stored in cells M1 and
M1*. The charge stored in M1 is +Vcc/2 and the charge stored in M1* is —Vcc/2.
1n one embodiment, a refresh cycle is started by equilibrating digit lines DO énd DO*
to Vee/2. Word lines WLO and WLO* are then fired simultaneously causing celis
M1 and MI1* 1o share their charge (or lack of charge) with their respective digit lines
D0 and DO*. Sense amplifier 240 then compares the charge in digit line DO with the
charge in digit line DO* in determining the data bit. The refresh cycle is complete
once the sense amplifier 240 causes cells M1 and M1* to be recharged to their

respective +Vcc/2 and —Vcc/2 levels.



present invention. Conplenentary states or charge are stored i 4tsg9 M5
and M* that correspond to a-data bit. Awrd line WO is cougle to the
gates W R2HE2456| and M I*. Wien the word line WO is adG&92d1136he
charge stored in cell M1 is discharged to digit line DLO and the charge
stored in cell M* is discharged to digit line DLO*. Digit |line DLO and
Digit line DLO* are coupled to a sensdldanplifier in circuit 334.

Al though, M1 and M * are illustrated as being coupled to one word |ine
W.O in Figure 6, iRefemihg tbEigapps enbbeeembyditieosef tha ptdsenanverttioatis a pai r

of conplegentary word lines (i.e and W.O* hat are fired at the
came ¢ eGSR 0B (hs sebodintieropedlateg D gt Pishiegofidt utsd ¥ HRa (o one
word |ine &0t L9360 aR@leh of 8. qemkem%aaﬁﬁam,caeéihge wWoed Bhé iNbupRdibary € 7,
one enbodi nent of "the present invention is ilTustrated. Inthis

enbodi nentgateaof cpmplediegitary celhe Rorreagmalec hi lwstratedin Eigusedl the singlenenor y
cells havin 6f rea. As stated above, the pr t f.nvention stores
fwo bi s YOr T hTis mle fabe Brles weredned 330 B BRI WERS S0t cach

ot her. Thafneiwr0lié firca@BQITNRLY M P dhat CRERTBRLE (8r lacPbf cHdr) vEXRIRR|e, a
charge of +Vcc/2), the conplenentary nenory cell represents a 0 bit (for

exanpl e, aespeanyredigit linvs PO2nd DOPheSensesplifien6htheorompppsisiteschidnge in bi t

t digj.t. Li. d the 0 bit t | t. igit, line. wherei
doubl o ai e it PePity et an ot e BRER SlPnEabe B Ml e, ©  °

referring dygbdaidbfiSndy bddft@ bBidusd 8 réqudfe8 dniyorfetldid 1ML 8B firdd in  The
charge stored in ML i's +Vcc/ 2 and the charge’stored in M* is-Vcc/2. In

one enbodiaceessinga dagd bibsh cycle is started by equilibrating digit |ines
DO and DO* to Vcc/2. Wrd lines WO and W.O* are then fired

si mul t aneousl y caFdung8 Geillustratdl havidg Me*coimplahattaryt defls locatdrdirec(or | ack
of charge) with their respective digit lines DO apd DOf... Sense anplifier
240 then AGHSEREYIh pehibgrgdn apothergmpbedimenidiaviiig Hialded digh hingermay di gi t

ine DO ikl RN ighi dPoreaupicmp e e Y BobiofTakehp once
the sense arrpﬁ Ei er 240 causes cells and M ¢ o)ﬁbeﬁ?éc%ar geg tg their
respect i vedjddent Rithnath-dba! Diiesaraimple df thisSEMdanent iINDIBHARE 24 bgure 9. -
PCT. J DCDZ//%sl\]i/igtg tl:il'e4 embodiment with the adjacent complementary cells, in this embodiment,
the single word line WLQ is coupled to the gates of cell M1 and cell M1*. When
the word line WL is fired, cells M1 and M1* share their charge (or lack of charge)
with their respective digit lines DO and DO*. Sense amplifier 270 then compares
the charge in digit line DO with the charge in digit line DO* in determining the data

bit.

Referming to Figure 10, the waveforms during a read or refresh operation
.of the present invention is 1Jlustrated. The magnitude of the voltage difference or
signal difference (Vsignal) betwee;l digit line DO and digit line DO* is double the
diffqrence as would be found if one of the digit lines were only used as a reference,
i.e. Vce/2; as in the prior art. As previously discussed, the magnitude of Vsignal =
(Veell *Ccell)/(CdigiH Ccell). As previously shown, a design having Vcell = 1.65,
Ccell = 50fF, and Cdigit = 300fF yeilds a Vsignal-DO of 235mV (for digit line DO
from reference Vcc/2). In the present invention, the magnitude of Vsignal-DO* in
which Vcell=-1.65, Ccell =50fF, and Cdigit=300fF yields a Vsignal-D0* of —

235mV (for digit line DO* from reference Vce/2). Therefore, the total magnitude of



Referring to Figure 8, another enbodi nent of the present invention is
illustrated. In this enmbodiment, a folded digit line array arcHi4 &dt 1%

is used w 2Lls having an area of 6f2. In this enbodi 'ﬁf’l};ﬂ gle
wor d lin‘éﬂvf)?z/ggzgl%(% ed .to the gates of conplenmentary cell o%ﬁeligr@rpl

as illustrated in Figure 8, the single word |ine WO is coupled to the
gates of cell M and cell M*. \Wen the rd line WO is fired, cells M
and M* share their charge (or lack of charge) with their respective

digit lines DO .an en fi.er, 260 then ¢ ar es e rge in
digit Iine DS R G0 i, e ) oxamal iTERES M D A LRe: Bt a
bit. This enpodh¥Hnh ABid& L8 4f a@ f‘i@‘iﬁHﬁ?deﬁnﬁl@%‘llr&%ﬁmw one word

line to be fired ih accessing a d bit. Figure 8 i1s illustrated having

the corrpl ementary Cekl&og@’?@n&:%&égﬁg n?\%tn!n @d%ké&%@ vWa]]Q%cﬁgg ﬁa?%]ﬁrofa

anot her enbodi nent havin e array w aving an

~area of 6P, tDRAMDHRIRMENTaY Yy bat, |oﬂueaslfgnlmt1nmﬁflahﬂagﬁeﬁ‘edieﬁedt Fyr adj acent
wi th each other. One exanple of this enbodinment is illustrated in Figure
9. As with teﬁemewbeaigm{wenweﬁa&enetme@@éﬁeq%ﬁ;heeﬁ%emraﬁyshe@ <D§168.oaﬁ thi’s

enbodi ment , th@w '19%%11}4‘68&%' | éc\%\%f fa:i’é' ‘?&zﬁ do%llﬂfi‘ﬁee arCell M1

and cel | fe mnrd ‘ F ed. and * share
their charge A(lﬂfoughcthv@ﬂdbhaﬁm)ed thattaln 1ﬁd’teasb in d&pefréshv:etedwgﬂﬂ bki nes DO
and DO*. Sense anplifier 270 then caonpares the charge in digit line DO

with the chagecumtergd gp 1o the doyilng;oh ﬂzfe‘f%ﬁaﬁ?%ﬁlﬁgrqnﬁesmlad ihe semf er ri ng
to Fi 10, th
0 Fgure n;ﬂgeth%é!ﬁ{ P Jgsl;t@ rog%}g:' Jﬂgs_l_ﬂt Jrnggrqlo%rls &?&Ifl?]c@)p \efxgpmto'xﬂﬂ 88'; €

present inventioh Is i e magni tu tage % erence
or signal dlséécmdelﬁmer(difgtgaadf)esbeatweetrthmfgr alldwsnheﬁiamylddwge to isene DO*

is double the  diff nce as WRJI”d be found if pone of the f? git lines
vere only uséfbsianugl] |3' ¢58 POMEE, Mqrequer,jae gains Ithe refrqsh rfe apd legs powels

previously dig, Hﬁlﬁﬁm c;vleﬁ'com e 14HRatRIns ¥§ hﬂﬁ@facmrmé\ﬁ&QJa'vmg folded dl%lt
*Ccell)/(Cdigit+ previ ously shown, a deSign having Vcel

1.65, Ccell lmeaﬁﬂiﬁectamhrﬁysguth cell300k Bf gEL. | hsadditivsi Qﬂwlu&gmecﬂre@a%m/ (for

moni t ude. of RATURAMBAFFIES g Fte Yrmary el BaS weget CREagpift B o ™
Cdi gi t =300f F Bem&dan‘{ﬁé S8t Pe¥nopf ceJB%W&EwJeeH 9hi 8K (BB subsitted

ref erence Vcc Therefore, the total magnitude of
Wlth similar results and the present invention is not limited to memory cells having

and area of 6F2...

Another benefit of the present invention is that it effectively deals with
defective memory cells. By using complementary memory cells, the likelihood of
successfully storing the data bit is enhanced because, even if one cell is defective
and cannot hold a full charge, the complementary cell will provide enough charge to
provide a differential for an associated sense amplifier to detect. Therefore, less

redundancy elements are needed in the memory array.

Conclusion
An apparatus and method of operatihg an open digit line and a folded
digit line DRAM memory array having a plurality of memory cells wherein, in a
plan view, each memory cell, in one embodiment, has an area of 6F2, has been
described. One method comprises storing a first bit in a first memory cell and

storing a second bit that 1s complementary 1o the first bit in a second memory cell.



14 SEP 2005 WD 02/ 082456 PCT/US02/11136 15 Vsignal-total will bﬁz.‘éiﬁ"’[hﬁ&
That is, the total signal difference in DO and DO*, as sensed by "an .
assocW&B@8%Bhse anplifier in this exanple, wll be 47FQF/USRHAKNGGgh t he
present invention reduces the overall storage capacity of a DRAM nenory
array by half, other significant advantages are created. For exanple, a
significant increase in the period re‘(?ui red between refreshing cycles of
the cells is encountered. A typical refresh rate is around 200nms in the
pri or ar tThe fiist bid anrhthietseaond bat fioem exdatrchib dThddata bin i$ reed basemparinge refresh
rate woul d, be countered due.to the doypli of the voltages difference
suppl i ed ¥ gagﬁgﬁ%éﬂgtbewg, ¢ fist V’Sf’\pé)éﬁeqf%ﬂdg&?ﬁectoﬂ "b‘?@%rgrfgﬁi nvention
i's, unexpectedly, approximtely a. second. Extending the refresh rate out

this far allows tHbonghinegiigsmbadimentsbave beepdtlustrated and desarebedoner .

Mor eover, DAL L I o=l nsunpti on

over comesheHz’Z’ IP?J#E t&éth?%%é]ﬁg?%kaﬁggg?&??%gqﬁl@?q%ﬂgw ngatf]gfded digit line
ar chi t ectamaaganemyehivh istralcelatedatoaabicoé tiefsamelpurpde mtdydse subktitacddgbr t he

present jnvention was described as using nmenory cells with areas of 6F2,
it owill ke S%H#%%‘P%?‘EH‘C?W%PW@- S 3ARAFALIRDNS FRFERACH|tQ CRYSTRANYY eas | ess t han
8F2 coul F’adQ@agHPsséNaHTaG&]s (th{)@pl%&éﬁ'l iiVenli&s Urhere ARG i iE‘?naQﬁfi§ pt 1nvention
is not limted to nmenory cells having and area of 6F - not her benefit
of the primeadd¢d ihaveis ineentions belaitddiondy b dic alaims aldabsequitvdlentdef ecti ve
menory ce]ls. By using conplenentary nenory cells, the |ikelihood of
successfdp?rﬁofstori ng the data bit is enhanced because, even if one cell
is defective and cannot hold a full charge, the conplenmentary cell wll
provi de enough charge to provide a differential for an associ ated sense
anplifier to detect. Therefore, |less redundancy el enents are needed in
the nmenory array. Conclusion An apparatus and nethod of operating an
open digit line and a folded digit |ine DRAM nenory array having a
plurality of menory cells wherein, in a plan view, each nenory cell, in
one enbodi nent, has an area of 6F2, has been



descri bed. One nethod conprises storing a first bit in a first nenory
cell and storing a second bit that is conplenentary to the first bit in
a second nenory cell. 1 4 SEP 2005 WD 02/082456 PCTI US02111136 égEEQ®5
first bit and the second bit forma da bit. The data bit is rL
conparing a voltage difference between the first nenory cell and the
second nmenory cell. Although specific embodi ments have been illustrated
and desc bed herein, it will be appreciated by those of ordinary skil
in the ar E?H%ﬂmgﬁg S;arrangement which is calculated to achi eve the sanme
pur pose may be substituted for the specific enbodi nent shown. This
application is intended to cover any adaptations or variations of the
present ilnvenél mnthocrhéogefr@tnrg a foldeddligithing BRAM manmre adeyl ha\hag aphirglity of

i nvention be |i d onl t he clains and t@ﬁ U|va t hereof. 14
sep 2008 Mepy il Bt tha Pk WS eRR WerbS ot Re et pER FortoPGied i g1

l'i ne DRAM mengioying b it mﬁnlartﬁstanahu@a;eutoh}@ffold@&ﬂpgﬁMus:eeleAM\/ﬁﬁhﬁjryl in a
pl an view, each nenory cell has an area of 6F 2 conprising: storing a

first bierayiaadfirst memory cel|l of the folded digit |ine DRAM menory

array; and st P in
a second nenn%%hﬂgﬁgegfﬁ%ﬂﬁgg?% %gﬁ%§$§?§ﬂﬁn H%@éﬁf%%éﬁphgg}ray mﬁéﬁeln
the fir s&hebfbtdea dékit e DRAM ehebridry h@sywhereiiaitha flabttbit ahd thésecord badoraf a cl ai m
| wherein the data bit is read by sensing a voltage difference between

t he firsﬁmﬁéﬁory cell and the second nenory cell. 3. The method of claim
2 wherein the sensing of the voltage difference further conprises:
sharing a charge on a capacitor of the first nenory cell with a first
digit liae; Thameﬂg)da)f@taamgewmsreia thagats bit dy read by bensicondtage diffeyerce! |

wth a second dl%_ l'i ne
between the Tirst memory cell and the second memory cell.

3. The method of claim 2 wherein the sensing of the voltage difference further
comprises:

sharing a charge on a capacitor of the first memory cell with a first digit line;

sharing a charge on a capacitor of the second memory cell with a second digit line;
and

comparing the voltage difference in the first digit line and the second digit line with

a sense amplifier.

4. The method of claim 3 further comprising:
restoring charge to the capacitor of the first memory cell; and

restoring charge to the capacitor of the second memory cell.

5. The method of claim 4 wherein the capacitor of the first memory cell is recharged

to a predetermined level that represents the first bit.

6. The method of claim 4 wherein the capacitor of the second memory cell is

recharged to a predetermined level that represents the second bit.



and conparing the voltage difference in the first digit line and the
second digit line with a sense anplifier. 4. The nethod of cl ai TSQE@E
further conprising: restoring charge to the capacitor of the fi r]st 7r%ﬁry
cell; and restoring charge to the capagitor of the second nenory cell.

5. The nmethod of claim4 wherein the capacitor of the first nmenory cel

is recharged to a predetermned level that represents the first bit. 6.
The nmethod of claim4 wherein the c it f the second nmenor ell is
fechar get to & PPUGECPRITAREE FLoRsn Qiating HBANM spmory GEAY betiRe Bltpality 4 o
E P 20050A8erhoryAeTB WAL N in # PROALIWIGameRBFy CHliHas ahiaf JPRAM SRpRIINg:ar r ay
having a plurality of nmenory cells wherein,” in a plan view, each nenory
cell has an asterngé figibitdo apirstsnamapry selbef thg ogerf diggtlingiRRAM memiorysarrayenor y
cell of the open digit |ine DRAM nenory array; and storing a second bit
that is %%nplenentary to the first bit in a second nenory cell of the
open digit |i&erikiRAMCIRABItYhaALY @mpliheitaiyRo tHeefirk Bisin Didcoddthetndey &dicand
bit forma data bit. 8 The nmethod of claim7 wherein the data bit is
read by Beepemdizy lipg RRAM apmper srayewhereinibe first bt and tha segendbbiy famia  and

t he seco&ga eprory cell. 9. The nethod of claim8 wherein the sensing of
the voltage difference further conprises: sharing a charge on a
capacitor of the first nenory cell with a first digit line; sharing a

charge on a capacitor of the second nenory cell with a second digit |ine;
and conpdr i ngThh@ethgr piglaini’rwhereipshe daa bikis read By segsigea voltage diffgronpe

second di)éuvgerllih@‘firé_’f’irﬁé?ncgrgF?lzgﬁcgﬁlggggn?irﬁ{r%or}gell.me nmet hod of claim?9

further conprising:. res 0 e”capacitor of the first nenory
cell; and
9. The method of claim 8 wherein the sensing of the voltage difference further
comprises:
sharing a charge on a capacitor of the first memory cell with a first digit line;
sharing a charge on a capacitor of the second memory cell with a second digit line;
and

comparing the voltage difference in the first digit line and the second digit line with

a sense amplifier.

10.  The method of claim 9 further comprising:
restoring charge to the capacitor of the first memory cell; and

restoring charge to the capacitor of the second memory cell.

11.  The method of claim 10 wherein the capacitor of the first memory cell is recharged

to a predetermined level that represents the first bit.

12.  The method of claim 10 wherein the capacitor of the second memory cell is

recharged to a predetermined level that represents the second bit.

13. A method of operating a DRAM memory device having a memory array with
multiple memory cells arranged in a folded digit line architecture wherein each memory cell

has an area of 6F> comprising:



restoring charge to the capacitor of the second nenory cell. It. The

nmet hod of claim 10 wherein the capacitor of the first nenory celtlfisg 2005
recharged to a predetermned |level that represents the first bit. %
The met hod of claim 10 wherein the capacitor of the second nenory cell is
recharged to a predeterm ned | evel that represents the second bit. 13. A
nmet hod of operating a DRAM nenory device having a nenory array with

mul tiple nenory,. cells arranged in a folded digit line archjtecture

wher ei n each S8 hagge n S o aall of Teme T ML m&ftlﬁe_snm@ozs_ 19
storing Q¢ dlifla fo1idd kit TRERFKitERhre; &iq the menory array with nmultiple
menory cells arranged in a folded digit Iine architecture; and storing a

conpl ement ar stahgrag@mplcaentaryshaiga toe dn ssooittdrreomrdymembty @il daflee menory
i th I tipl | | d,i f d.digit.li
MERo N e RN T e,
conpl emBgkEM i\ HagR ihthd fidt ﬁa@ﬁ@?i @:}ll%d tFeE eriBRRAYchalelin HRARERSdted Or M
0

a single data bit. 14. The net hod claim 13 wherei'n the charge stored
in the fseeend mememcel épgethar dprmea singls datalbdlgi ¢ | state and the

conpl enmentary charge stored in the second nmenory cell represents a logic
0 state. 15. The nethod of claim 13 wherein the charge stored in the

first menpry TiRIheth6&pf @8ig1 3 wheleitthe cRargé stbredan thd fist Gemphesant ary
charge stored in the second nenory cell represents a logic 1 state. 16.

The met Hepregsntsd lagin lgate and Herc ¢rfary gharge slgradgnithresegandmpmonseadl ed i n

the firs S nory cells. 17. The nmethod of claim 16 wherein
r eadi ng r%: rgg%gst%l%%ﬁw%tg{r%t her conprises: precharging a first digit line

to a predeterm ned | evel; precharging a second digit line to the sane
predeterm ned |l evel as the first digit line; sharing the charge stored
in a capleit othegnethpdof ¢lpig 13nsfhesein hechargg staredra the first mgmgryt call ne:

sharing rteﬁr%se(fll&a'c{ g‘éicsd Qi %H ﬂqeacoﬁﬁa?&ﬁérﬁ% cﬁ:;rgg %re%qﬁwgse%ﬁ@ﬁ%m%ﬁl éellWi th

t he secon
represents a logic 1 state.

16.  The method of claim 13 further comprising: reading the data bit stored in the first

and second memory cells.

17.  The method of claim 16 wherein reading the data bit further comprises:

precharging a first digit line to a predetermined level,

precharging a second digit line to the same predetermined level as the first digit line;

sharing the charge stored in a capacitor of the first memory cell with the first digit
line;

sharing the charge stored in a capacitor of the second memory cell with the second
digit line; and

comparing the voltage in the first digit line with he voltage in the second digit line to

determine the value of the data bit.

18.  The method of claim 17 further comprising;
restoring the charge in the first memory cell; and

restoring the charge in the second memory cell.



digit line; and conparing the voltage in the first digit line w{j& E‘?
voltage in the second digit line to determne the value of the $ %Q%
18. The method of claim 17 further con?q]i sing; restoring the charge in
the first nmenory cell; and restoring e charge in the second nenory
cell. 1 4 SEP 2005 20 19. A nethod of operating a DRAM nenory device
having a menory array with nultiple nmenory cells arranged in an open
digit |ih® ardhnetbed of eperfingsi PRAM memembdgyicediavingamemarysgreay with 6F2

i U o Rl BB, @€ el of bl e FRERIchi e erdf Ealf B Y

and st or hasginareasfigle oempdsiyg:.char ge on an associ ated second nenory cell of
the nmenory array with nultiple nenory cells arranged in a open digit

line archit ectonRg a changs & hishBepRst ¢a qf fhe Bempry Afay ety mpltinle megwdy  he

conpl eeghRaiabRAiAg doen Lk IARIRGIRLER, agecONd memory cell together form
a single data bft. 20. The nmethod of clfaim 19 wherein the charge stored

in the first stenmugycemplemenepr duegete an dssgpiated sesbrd mearody ¢dikof the

conpl enent ary char stored in the second ,nenor ell.. represents a |l ogic
0 stat e MSTOMEES K BITHE MEEOR Gy AERED £ RBCR gl Jine i CHER G t he -

first MeGREinahl bhark R 88 B cindrpBICa E b@pRARNIRECRAEPhARERBEN e

charge stored in the second nmenory ce represents a logic 1 state. :
The net hsmtond memainneellXogetherferm esmgte ditmbit. readi ng the data bit stored in
the first and second nenory cells. 23. The nethod of claim 22 wherein
reading the data bit further conprises: precharging a first digit line

to a preggt er Mg @ckth RV claiff BOWREEInIHe hapRCARKd th SHelfirkd HEMbQ dehhe sane
predeterm ned |l evel as the first digit line; sharing the charge stored

in a capepiasents afogih e staterand theewnylementaryghatgetstnged inrthe sepogd memang cell

represents a logic 0 state.

21. The method of claim 19 wherein the charge stored in the first memory cell
represents a logic 0 state and the complementary charge stored in the second memory cell

represents a logic 1 state.

22. The method of claim 19 further comprising: reading the data bit stored in the first

and second memory cells.

23. The method of claim 22 wherein reading the data bit further comprises:

precharging a first digit line to a predetermined level,

precharging a second digit line to the same predetermined level as the first digit line;

sharing the charge stored in a capacitor of the first memory cell with the first digit
line;

sharing the charge stored in a capacitor of the second memory cell with the second
digit line; and

comparing the voltage in the first digit line with he voltage in the second digit line to

determine the value of the data bit.

24.  The method of claim 23 further comprising:



sharing the charge stored in a capacitor of the second nmenory ce1gsppq@5
the second digit line; and conparing the voltage in the first digit lIine
with he voltage in the second digit line to determ ne the value of the
data bit. 24. The nethod of claim23 further conprising: 1 4 SEP 2005 21
restoring the charge in the first menory cell; and restoring the charge
in the second nenory cell. 25. A nmethod of refreshrng menory cells in a
DRAM nenory H@ﬁpﬁggﬁwﬁﬁﬁﬁﬁynﬁWﬂh?“n@ﬁohﬁﬁﬂrWKhelIs arranged in an fol ded

digit line an%gbhﬁgh%r ?ﬁﬁk%eal I?&%QGMIEM/ each nenory cell has an
rs

area of 6F2 conprising: oring inafirst menory cell of the
menory array of menory cells arranged inthe folded digit line

architec sto | enent ar sec n associ ated second
menmory c 1 ob nrqﬁ%mf %féﬁ%?ﬁrr%msvoarc ﬁﬁc‘\%\?r%ﬂww YEE 3 ey A1EY ded
digit I'ine,ah6idkRs ed ‘M‘Ex{ Eilcﬂedtd?%t lihd éx%ﬁltéé't&re %gretulf' €n ‘égﬂ%‘ GER N8R Y

second bit ?grnra databit; conpari vol tage differenc tween the
first biMWanumﬁImsasamawﬁﬁF@amahhn&nd the second bit in the second

menory cell with a lifier to read the data bif; restorrm t he
frret bie i n vaeds REE Diratemy siror Gl b e meruhptatoVFhaRediavel | and
restorlmgn&gaiﬁgﬁgﬂngi&gh%nggahﬁgﬁ&@d menory cell to a predeternlned
voltage levél. 26. The mBthod of claim 25 wherein conparing the vol t age

di fference f ustorieg a couplpmiesiasy seporelhitingingsaidted scomhmesweoedl afithé t | ne

to a predeterm ned_.voltage;, sharin [ e .of ..the rst bi
ot reRErShaT S RS pemerf S RS B i PRl heRirbe e
second bﬁﬁtQﬁa&hﬁc%@&@ﬁﬂuﬁ@ﬁ?%&mﬁ@bhf&h{Qd&ﬁ%nsecond digit line; and

conparing the voltage difference between the first digit line and the
second digit ¢dmparinga voltage diffetende bétwetrathmfizg buthe tled first memborry el apdlithe bi t

I's a chay sedond GiPInthe rs]éclog n‘iierrlloo el \jz'vith a sense amplifier to read the data bit;
restoring the first bit in the first memory cell to a predetermined voltage level; and

restoring the second bit in the second memory cell to a predetermined voltage level.

26. The method of claim 25 wherein comparing the voltage difference further
comprises:

precharging a first and second digit line to a predetermined voltage;

sharing a charge of the first bit of the first memory cell with the first digit line;

sharing a charge of the second bit of the second memory cell with the second digit
line; and

comparing the voltage difference between the first digit line and the second digit

line.

27. The method of claim 25 wherein the first data bit is a charge representing a logic 1

state and the second data bit is a charge representing a logic 0 state.

28. The method of claim 25 wherein the first data bit is a charge that represents a logic

0 state and the second data bit is a charge that represents a logic 1 state.



state and the second data bit is a charge representing a |logic 8 E%ﬁgﬁ.
28. The method of claim 25 wherein the first data bit is a chal é
represents a logic 0 state and the sagond data bit is a charge that
represents a logic 1 state. 1 4 S E P"2005 22 29. A nethod of refreshing
menory cells in a DRAM nenory having a nmenory array of nmenory cells
arranged in an open digit line architecture wherein, in a plan view, each
nenory @811 hAdneshpdefagireshingrmenerysells ingyDRAM mesgory haying @ memony @rigy f j r st
nmenory . arr . . ra . pen

i git 1 PElenly b8 FRRRindh B B TR RS AR Aok Uik Each

associ amsnaecelhbasmrmeyofosi’lconiprising: mermory array of nenory cells

arranged in the ope i.git Line architecture, wherein the firs bit and
the conpl emedlodng aéﬁe% N HrstBFMPY GgHiod th m?mear?ﬁwm@leén%r:?%e

differ e%gn&%timﬁeﬁgi%}{%Izeltalupﬁ;g}etc{hlﬂe;t he first menory cell and the second

bit in the sSecond menor a sense anplifier to read the data
bit; restori swring@ compitmdritdry isecontl bitfin as tssoeiptd peomnldl me¢mory cpll @fldteer mi ned

voltage level; and. restoring the second bit .in the.second nmenor el |
2 pr edo AT BA 0 PERAN S Rrranisd T e GPeR Atsif 151° AHHICRIE0 WikETB g first

compar | 1 dfiend/ @i Abfetlhb /e htthlehl, bigomPr | ses: precharging a first

and second digit l'ine to"a predeterm ned vol tage; sharing a charge of the

first bit of comparfingsvoltagediffercusie/betwaeh thehiarst bit gt thdifigsttmémorny;cell ahdithieng a
charge of the.second bif of the second nmenory.cell wth the.second digit
ey antrood HIR g ee A DEmPRGElGT £yHE EPBLATIe FeAHAS HRABIC di gi t |1 ne
and the seconpgsiy the kit 8it i the FEEMERONALI a ptRelBrdthedhBligidetd1Sadd I St

data bit is a charge representing a logic 1 state and the second data

bit is a chareporingtheseond hy imthesgeandonemery ecll 32a piidetermsinied doltdgedevdl.m 29
wherein the first data bit is a charge that represents a logic 0 state
and the second data bit is a charge that represents a logic 1 state. 33.

A DRAM rmpnor yrhd eyt dratdin Bwhatiednpating HRGOUES: dBRRRhYe Alrfy of nenmory
comprises:
precharging a first and second digit line to a predetermined voltage;
sharing a charge of the first bit of the first memory cell with the first digit line;
sharing a charge of the second bit of the second memory cell with the second digit
line; and
comparing the voltage difference between the first digit line and the second digit

line.

31.  The method of claim 29 wherein the first data bit is a charge representing a logic 1

state and the second data bit is a charge representing a logic 0O state.

32.  The method of claim 29 wherein the first data bit is a charge that represents a logic 0

state and the second data bit is a charge that represents a logic 1 state.

33. A DRAM memory device having a folded architecture memory array of memory
cells wherein, in a plan view, each memory cell has an area of 6F2, the DRAM memory

device comprising:



cells wherein, in a plan view, each nenory cell has an area of 6r§ EP?®5
DRAM nenory device conprising: 14 SEP 1005 23 a plurality of pa g
associ ated nmenory cells to store data g'ts of the folded architecture
menory array, wherein each pair of assdéciated nenory cells includes, a
first menory cell to store a first bit, and a second nenory cell to store
a second bit that is a conplenent of the first bit, wherein the first

bit and the se@bmdlityiof phiss of asserdated miemoryagedis 0 ﬁbm@ta biys offthe &nidesd

anpl i fi ChLR tgctur%%qent’l?r?/ AL ngD\K'P{erg“ ﬁleagh Ia(():fhas c1a§e Igggeceils 1ﬁ1c‘°11r1d goupl ed to

€
an a5500|a parr EFEIn eac gT conpar es

a voltage bet \Neenatﬂ}grﬁaﬁ@rtycbutto gbretmsfblt,sahdrrermry ceII and the second
bit of the second nenory cell to read the data bit. 34. The DRAM nenory

devi ce of cl ai m 33awprandimenseryseld éngfareansrond kit thapistagoaplement of thedirsti t

and seco e ed on the data bit
r ead. 35%%%&@,&&})51?%#%5 e}\{/él%g rgdfﬁl al ma\’fl%l i t%?’ er conprises a control
| ogi ¢ circuit atphurslitytof eénseamplifiespe reidithmemohedetls neach gerse amplikiet i9gi C

circuit fires .a word line coupled to the first and second nenory cells of
an associcauled iAnrassepiatedhpaif 9f mempLy qelfs,vdisaein ey sgnss amplafeer comparoRaMm

renory d:véltet?%% &{w&lnathérﬁ?ﬁﬂaftléﬂﬂé rst‘iﬁéﬁ%&ffc‘gﬂ d epJeb‘ér?cfaB}{ é(flxﬁf: %{;ﬂt | nes

to coupl e nenory ce e sens ers menory
devi ce ofmemhaay 0elBfo rehdtheidatadtie control | ogi c CI rcuit equilibrates the

digit lines coupled between the first nmenory cell and the second nenory
cell to a predeterm ned voltage |evel before the data bit stored in the

first anq sechBg DWBXmS)F}J Ae%ude%f'& ﬁg 33%@1eré6h P{f{ﬂs eﬁ%regr%ﬁ 1&?%3?&65@?””9

an open archltecture nmenor array O nmenory In a

Vi ew, ea(thstrliitmnd)seclmﬂ|b1tha$ral&t®ﬂnﬁﬁd®blt@%26vdl§lbas%hﬂtlﬁ&m it rehevi ce
conprising: a plurality of pairs of associated nenory cells to store data
bits of the open architecture nenory array, wherein each pair of

associ at 84 MeAREHIERAM fiehBf #IRS of claim 33 further comprises

a control logic circuit to control memory operations, wherein the control logic
circuit fires a word line coupled to the first and second memory cells of an associated pair

of memory cells to read a data bit.

36. The DRAM memory device of claim 35 further comprising:

a plurality of digit lines to coupled the memory cells to the sense amplifiers.

37.  The DRAM memory device of claim 36 wherein the control logic circuit
equilibrates the digit lines coupled between the first memory cell and the second memory
cell to a predetermined voltage level before the data bit stored in the first and second

memory cells is read.

38. A DRAM memory device having an open architecture memory array of memory
cells wherein, in a plan view, each memory cell has an area of 6F2, the DRAM memory
device comprising:

a plurality of pairs of associated memory cells to store data bits of the open
architecture memory array, wherein each pair of associated memory cells includes,

a first memory cell to store a first bit, and



a first nenory cell to store a first bit, and 14 SEP 2005 24 a ?gﬁgpq 5
menory cell to store a second bit that is a conplenent of the fi Mt,
wherein the first bit and the second b&% forma data bit; and a plurality
of sense anplifiers to read the nenory“Cells, each sense anplifier is
coupled to an associ ated pair of nenory cells, wherein each sense

anplifier conpares a voltage between the first bit of the first nmenory
cel | and the secondsesond giemaie celbiootiere asaeand\pitcthat is o gompleananhefl dadiasthi t .

39. The w&%ff%eyﬁ%ﬂﬁitﬁﬁdﬁlfe Sgéo%ig 't%grﬂi‘lﬁ%ﬁi .gﬁw&h sense anplifier

restores I'rst and secon it to predétermnm ned voltage |evels
based on the aalusalby bf sedaclamglifierd hereBiRede] manony\cels caciesenbe ahplifierds

further conprises a control logic circuit to control me y operations,
wher ei n EHPIEIRERIFSOCBRdPITQEReMery Sty Mharraiy eas 3F6$§era€§’qp f QOTPP#HES2

coupl ed tv?-hagg Pefides Tgliﬁ}gt sieeend ﬁ'?ﬁ’?ﬁ’errﬁ[%r? bl SncPhhe %Qconﬂ?it&&itﬂé ?ééolg(fli r of

menory cells to rea ata bit. 41. The DRAM nenory ce of aim40
further oempry silitgreal the datalbitt y of digit lines to coupled the nenory
cells to the sense anplifiers. 42. The DRAM nenory device of claim41l
wherein the control logic circuit equilibrates the digit |ines coupled

bet ween ghe firhs DRENIMomE S devidfdr EBien §§%@ﬁir{7@£ﬁfsynse%ﬁidliﬁ%ﬁreétores the

predeterm ned voltage | evel before the data bit stored in the first and
second fiestrbitynd edcosd bi to prdetedBined\voRaklevetsdragediavihealatadripreadi ng: a
menory array having a plurality of nmenory cells arranged in a fol ded
digit line architecture wherein each nenory cell has an area of 6F2;

each menggy cefyle ﬂmgpﬁeﬁbat@&?e@&ffam%@%@%w is¢el I, wherein each

pair of associated nenory cells store conplenentary bits that make up a
data bit; a phuoomtaliggiotiraettseonmpl mémenyopemtioegavharan thefaoesbl lopiwor y

cells, each.sense anplifier is. coupl to a.pair, of associate nory
cell's; aRtCU ¥BH t?r@rﬁgﬁlzs&ris ‘_ts?rf@m ?cﬁw?%aﬂébeoﬁl@hj@m%o RS ChRfer o1
the cont agbcisﬂeag,gﬁbfm%ﬁio?yééné%yeah'ar@a&at._word line coupled to the
associ ated nenory cells so a sense anplifier

41.  The DRAM memory device of claim 40 further comprising:

a plurality of digit lines to coupled the memory cells to the sense amplifiers.

42.  The DRAM memory device of claim 41 wherein the control logic circuit
equilibrates the digit lines coupled between the first memory cell and the second memory
cell to a predetermined voltage level before the data bit stored in the first and second

memory cells is read.

43. A DRAM memory device comprising:

a memory array having a plurality of memory cells arranged in a folded digit line
architecture wherein each memory cell has an area of 6F;

each memory cell is associated with another memory cell, wherein each pair of
associated memory cells store complementary bits that make up a data bit;

a plurality of sense amplifiers to read and refresh memory cells, each sense amplifier
is coupled to a pair of associated memory cells; and

a control logic circuit to control memory operations, wherein the control circuit

selectively fires a word line coupled to the associated memory cells so a sense amplifier



14 SEP 2005 25 coupled to the associated pair of memory cells can reaﬂ
and refresh the data bit stored in the pair of associated menody ]
44. The DRAM nenory devi ce of claim43 gherein the nenory cells of t he
associated pair of menory cells are I8 ated adjacent to each other. 45.
The DRAM nenory device of claim43 wherein the nenory cells of the
associated pair of nenory cells are not |ocated adjacent to each other.

46. The PRmsderibe gssaeivice daisrf meaiony adlswhe readand seffesh dhedatabié gtopr in thy
menory |5, doSni n associ ated sense anplifier by a pair of
digit Ii§§g9§%#§m%%gﬂk§£%#geﬁory device of claim46 wherein the control
logic circuit equilibrates each pair of digit lines before a read or

refresh gpera i S perfor d. on_t he r ells coup o the digit
ines. 4d% Ehﬂfa oRexise ObRigm 4 r‘@’g dp ﬁ@rmwlwﬁ 'ileﬁwgcete
plurali téal%f%%Wc&ﬁ'a&élo@été@%ﬁ&ntﬂ)e%@h gigep digit line architecture

wherein each nenory cell has an“area of 6F2; each nmenory cell is
associ ated with anot her nenory cell, wher ei n each pair of associated

el it 950r cHRaaR AR RerbE s Sl Redpt Fgiobr s e Ssoriated
sense anph&%fﬁlemokysc&e%@dlmte@ dRcEntQb cahARdat ed menmory cel I's; and a
control lTogic circuit to control nenory operations, wherein the contro

circuit selectively fires word |ines coupled to associ ated nmenory cells
si mul t anegusl y. nse l.ifi d to the asso iate ir of
remory cdb s ol DEAN BRthorEuta et uRGrh et Ge8S5R pika pirioe
associ at gel|J18 BBMple R dnSassdtPated s RAR fTER B) Ta¥pafiidedt RhesC| ai m 48 wherein
each associated pair of memory cells is coupled to an associ ated sense

anplifier by a pair of digit lines. 14 SEP 2005 26 50, The DRAM nenory
d fcl t t |.i br at h
oai ot agit TR ANERErs SR s e Bhdie e ditosh S et o on

t he equilibrates each pair of digit lines before a read or refresh operation is performed on the

memory cells coupled to the digit lines.

48. A DRAM memory device comprising:

a memory array having a plurality of memory cells arranged in an open digit line
architecture wherein each memory cell has an area of 6F2;

each memory cell is associated with another memory cell, wherein each pair of
associated memory cells store complementary bits that make up a data bit;

a plurality of sense amplifiers to read and refresh memory cells, each sense amplifier
is coupled to a pair of associated memory cells; and

a control logic circuit to control memory operations, wherein the control circuit
selectively fires word lines coupled to associated memory cells simultaneously so a sense
amplifier coupled to the associated pair of memory cells can read and refresh the data bit

stored in the pair of associated memory cells.

49,  The DRAM memory device of claim 48 wherein each associated pair of memory

cells is coupled to an associated sense amplifier by a pair of digit lines.



menory cells coupled to the digit lines. 51. A nenory systen1co€ErEthg:
a processor to provide external conmmands; and a DRAM nenory de |§
conprising, a nenory array having neno cells arranged in a folded digit
line architecture, wherein each of t menory cells has an area of 6F2
in a plan view, each nmenory cell is associated wth another nenory cell,
wherein each pair of associated nenory cells store conplenentary bits to
forma d¥ta bihe DRAM memogyrgevied efrcldioy4%wbereinghe coftrod degie fiseudld menory
cells tor [ . (Wl ifier..i d.to
compar e SR TLEC B el 2 g OIS YOS tal SERTS I Bldrig Sl i pRr O FEt2
control Mme@bs clls csoupled 1 theditumesxt ernal commands from the processor and
to control nmenory operation, wherein the control circuit selectively
fires a word line coupled to each associated nenory cell to read a data

bit. 52.5{The m&%§ s?érﬁ%ﬂ)rig’ihg:i m 51 further conprising: a pair of
c c

digit lines for ea alr of "associ ated nenory cells, wherein one of the
digit |ines isprootspbed pratideettemalconimartds; aglsoci at ed nenory cell s and an
associ ated sen anplifier and the other digit line is coupled between
t he ot her onéa@%A@ﬂ§“§§§%@F§F%HNH@%%R% cells and the associ ated sense

anpli fier. 53 Thes EmREYarky N6 Muaherbalonoamphen il Rrlies dgntiel | odi ¢

circuit equilibrates each alr t lines prior to are operation.
54. The nenorarclutestueenvdferah aach @thevmemeiyncelindaodn she ofi@idbinya pgleh vewof a

pair of associated nor ({%&jH}S storgﬁ alﬂl bjt and the other, rreg[gr%/j cel |
of the pair of assGE!HEPY AFSCEIGWLR ghqlermenory ge B0y PHE
The nenory sy, i i i enrs restore
each associ af%gmﬁe%n%%@gw Jelloliét% to%&gn?%ggglgf iznegﬁggﬁég&?%’el fol |l owi ng

a read operation. &&nsdheplierdoyeash phieof afsochad mentorykelletoneaddatbite, r ol

| ogi i it ps th ti. d li til h cell |
00 c clreuit Kechs e L Sepective ot | nes Nt B S 5hloctsed

pairs of memory cells, and
a control logic circuit to receive external commands from the processor and
to control memory operation, wherein the control circuit selectively fires a word line

coupled to each associated memory cell to read a data bit.

52.  The memory system of claim 51 further comprising:

a pair of digit lines for each pair of associated memory cells, wherein one of the
digit lines is coupled between one of the associated memory cells and an associated sense
amplifier and the other digit line is coupled between the other one of the associated memory

cells and the associated sense amplifier.

53.  The memory system of claim 52 wherein the control logic circuit equilibrates each

pair of digit lines prior to a read operation.

54.  The memory system of claim 51 wherein one of the memory cells of a pair of
associated memory cells stores a 1 bit and the other memory cell of the pair of associated

memory cells stores a 0.



57. A nmenory system conprising: a processor to provide external commands;
and a DRAM nenory device conprising, a nmenory array haV|ng|nyhk§E%@m5s
arranged in an open digit line architgcture, wherein each of the nmenory
cells has an area of 6F2 in a plan vieWw, each nenory cell is associated
wi th another nenory cell, wherein each pair of associated nenory cells
store conplenentary bits to forma data bit, a sense anplifier for each
pair of ggs ocTha @dmwsenc@ﬁ dlain of Ylewkereiatthe ssnsssamplifiess edstoresath sense
anpl i fi erssI (,51 8 %m gykéh g?gg)gpx%pgﬁéed%ﬁg%eolevélqgll&bth aI rBad'S e%ﬂ %T ted pairs
of menory ce a con 0giC Circulrt to recéive external commands
fromthe processor and to control menory operation, wherein the control
circuit selectlvel fires word |ines. coupled to associated nenDry cells

si mul t anédus| Yh wem@adsyate&a?faplmﬁ whereinfae pIrEnl Jogds eiram ksepethgi m 57
further Fe@?&'hbé%ﬁi llﬁesRﬂJnt?Eaéﬂ'cghg }ekt% tB‘?{s ?&féhn&ﬁb&l da%fe 1@&zgoci at ed

menory cel whereln one o gt nes |s coupl ed“bet ween one of
the associated nmenory cells and an associ ated sense anplifier and the
ot her dlgz Ilne IS cougged bet ween the other one of the associated
menory | | AR SY HERSOMPISHEsense anplifier. 59. The menory system

of claim 58 WagfREROE REr6PRE E%rdap&;rﬁ[ngﬁd’scgﬁié equilibrates each pair of
digit lines prfor to a read operation. 60. The menory system of claim57

wher ei n one oé DRAMmeemory dewick somprisingai r of associ ated nenory cells

stores a 1 bit and the other menory cell qf the alr of 1 at ed
ey el e st or oa gy 4k RREEegOnsell atdasl o hn Poert R BRE of i ai m

of 57 wher ei na{hRechRRSPhBMIchéH &f the hﬁ%io?f EclR¥aDan 88 9¢ bR R, m{ew cel |
bit to a predefined voltage |evel follow ng a read operati on. . The

menory system of céahmaionyicell & assadiated with modtheomemoni crecbluwheﬂcmeqmsh phne
oGt ER TR SREVMENE TS RN
array having a pl uj &drst ¥m@fifier for each pair of associated memory cells to read data bits,
wherein each sense amplifier is coupled to compare voltages of the bits in associated
pairs of memory cells, and
a control logic circuit to receive external commands from the processor and
to control memory operation, wherein the control circuit selectively fires word lines

coupled to associated memory cells simultaneously to read a data bit.

58.  The memory system of claim 57 further comprising:

a pair of digit lines for each pair of associated memory cells, wherein one of the
digit lines is coupled between one of the associated memory cells and an associated sense
amplifier and the other digit line is coupled between the other one of the associated memory

cells and the associated sense amplifier.

59.  The memory system of claim 58 wherein the control logic circuit equilibrates each

pair of digit lines prior to a read operation.

60.  The memory system of claim 57 wherein one of the memory cells of a pair of
associated memory cells stores a 1 bit and the other memory cell of the pair of associated

memory cells stores a 0.



menory cells wherein, in a plan view, each nenory cell having an area

| ess than 8F2 conprising: storing a first bit in a first nmenory g%kh ﬁﬁ
the folded digit |ine DRAM nenory array; and storing a second bi J

is conplenentary to the first bit in second menory cell of the fol ded
digit line DRAM nenory array, wherein the first bit and the second bit
forma data hit. 64. The nethod of claim63 wherein the data bit is read

by sensing a.yoltage difference en.the first ry cell and the
second mr;}ﬁv«sémfgowystﬁ*ﬁ@?ﬁ%frﬁﬁg%w Teift thesanspiagy i Rgotaig ng of the
vol t age GidciRiEmeRory el to aGRERINSE $61taDR Ve IR WIRRE S#2dQpedtio/PACI t OF of
the first menory cell wwth afirst digit line; sharing a charge on a

capacitor of the second nenory cell with a second digit |ine; and

conpari thevoltage difference in the. first digit l.ine and the second
digit |ife wifpe mg0 Qn%{egln%‘ie‘iq?‘meél.w E R SO BRI TR P Bt ur ¢ her
conpr i sirggectiRsierdilings 6hangleeat® célNR residreg kd 1 prefiefittd Volthsd lev@nory cel | ;
and restoring charge to the capacitor of the second nenory cell. 67. The

met hod of claim 66 wherein the capacitor of the first nmenory cell is

h t t er . . th first hit. SEP
hocas 3%y ' ABRATLRLMAEE rhakeliohAL HIERUGAEILS 08 sibats eyt
menory asérhoryzells ®aaing@ta plan &idw, eaet Rembradlliavil ahhada legrhasert s t he

second bit. 69. A nethod of operating an open digit |ine DRAM nenory
array ha&PmpgSepl urality of nenory cells wherein, in a plan view, each

menory cel | hawi 1 E4f 4 &l RAN i a first
bit ina first lrlrjg%of?lgt @eﬁaa %;St %n%@%géé@i%ﬁ g‘izt()l((li:el(a@é %Pme rm(r}{l/élgr ay; and
storing arageadnd bit that is conplenmentary to the first bit in a second
menory cell of | . . ..
storing a second bit that is complementary to the first bit in a second memory cell of
the folded digit line DRAM memory array, wherein the first bit and the second bit form a

data bit.

64. The method of claim 63 wherein the data bit is read by sensing a voltage difference

between the first memory cell and the second memory cell.

65.  The method of claim 64 wherein the sensing of the voltage difference further
comprises:

sharing a charge on a capacitor of the first memory cell with a first digit line; sharing
a charge on a capacitor of the second memory cell with a second digit line; and

comparing the voltage difference in the first digit line and the second digit line with

a sense amplifier.

66.  The method of claim 65 further comprising:
restoring charge to the capacitor of the first memory cell; and

restoring charge to the capacitor of the second memory cell.

67.  The method of claim 66 wherein the capacitor of the first memory cell is recharged

to a predetermined level that represents the first bit.



the open digit line DRAM nenory array, wherein the first bit an ti@ 005
second bit forma data bit. 70. The nethod of claim69 wherein tlh dgipa
bit is read by sensing a voltage difference between the first nmenory
cell and the second nenory cell. 71. e nmethod of claim 70 wherein the
sensing of the voltage difference further conprises: sharing a charge on
a capacitor of the first menory cell with a first digit line; sharing a
charge &8 a ddsaedthest ofgtlainhed whersindhereanseijorcadithe secomd mesweper idi gi t | i ne;
and co i I [ [ firgt.digit line and the
secondngg%ﬁﬁgﬁﬁagp&#@%%ggwgg%%gﬁgﬁ%ﬁr?ggé&gf?%mﬁﬁg;nethod of claim71
further conprising: restoring charge to the capacitor of the first nmenory

cell; and restori(gqg charge to the capacitor of the second, nenmory cell.
73. The 8fet hot nestheq of eperadingisa oppm dighdine Lo M Bemery arFy favinga putsbty cel |

is rech gﬁgq Wk t arRedicle r : i k. 74.
The net ﬁ{g 0 or%?g%l?sm 7%91\%}1@%&? n glﬁe’ }é%lgzi{l:‘%}?% cgghgﬁgggggé%?f%%a?wgel | is
r echar gedmpasiagpr edet erm ned | evel that represents the second bit. 1 4

SEP 2005 -0 75.. A .Meno devi ce havi a folded chitecture nmenory
Sty of memsRieadn PR Biohmera el it nks SubBre BEANGGRI Sl an
area of J,gss than 8F2, the DRAM nenory device conprising: a plurality of

pairs of associated nmenory cells to store data bits of the folded
ar chi t ect ur e strrmgrayseaendayit thahis ceinplegmatarpti the ifst hitgn eisatomd menoyyeldef | s

i ncl udes a fi.r.st. ry cell to stare.a figst, .bit, and a,second nenor
col 1t o g gn diEElind BRAN ricmary ey Wheeif the iRt biband e Spoope Biipmpa™ o
wherei n dghgpif irst bit and the second bit forma data bit; and a plurality

of sense anplifiers to read the nenory cells, each sense anplifier is
coupled to an associ ated pair of nenory cells, wherein each sense

anplifi o. COMPEL FRth3d of claim 69 wherein the data bit is read by sensing a voltage difference

between the first memory cell and the second memory cell.

71. The method of claim 70 wherein the sensing of the voltage difference further
comprises:

sharing a charge on a capacitor of the first memory cell with a first digit line;

sharing a charge on a capacitor of the second memory cell with a second digit line;
and

comparing the voltage difference in the first digit line and the second digit line with

a sense amplifier.

72.  The method of claim 71 further comprising:
restoring charge to the capacitor of the first memory cell; and

restoring charge to the capacitor of the second memory cell.

73.  The method of claim 72 wherein the capacitor of the first memory cell is recharged

to a predetermined level that represents the first bit.

74.  The method of claim 72 wherein the capacitor of the second memory cell is

recharged to a predetermined level that represents the second bit.



vol tage between the first bit of the first nenory cell and the smg chm?lt
of the second nenory cell to read the data bit. 76. The DRAM ke 6
device of claim 75 wherein each sense I ifier restores the first bit
and second bit to predeterm ned voltag Ievel s based on the data bit
read. 77. The DRAM nenory device of claim75 further conprises a control
logic circuit to control menmory operations, wherein the control |ogic
circuit fresADROM memeosy dovipd kayingn Mstedfamlmectamng@emammqm%l s of

an associgt %e‘i’flhrlln a051 X%cﬁ%érﬁo %eﬁﬁ?sdanaarga% e?s’t%alg §§2 Q?gl Li nes

nmenory dEVI ce o er conprising ura

to coupl ﬁténtdﬂﬁdét&mdmpmiﬂgs to the sense arrpl [ f| ers 79. The DRAM nenory
device of claim 78 wherein the control logic circujt _equi]ibrates the

digit |ines cABBIaHysEpEef aﬁ?f@@*ﬂ@?mﬁ’éfrﬁ?}?t%%@le databitse taetoddrd nenory

cell to %ﬁ‘g I%gg rqgff din the
first an CH& con %é}ﬁ%%&%j ngerhgéal 88§0%1a&4g§£%?h§’n(%?1§ el\glklfege havi ng
an open archl t ect un éirstemnory &ell ystode anfestoriyy andel | s wherein, in a plan
view, each nmenory cel Ioggas an aélia of | ess than 8F2,

DRAM r
vl e oo T aoTy. & SadongBrosggs ol oSl gearentib LA 2 comgloraast B PE LaY

menory Cell $hdrGinghOfifit BRhAJ MelsScld dit R R&MRAta KB, GRat ecture nenory array,
wherein each pair of associated nenory cells includes, a first nenory

cell to st oreagluralitg of kinse ampliﬁasﬂ;cem@dldlermcmoy qeﬁisleaclosm@amphﬁ@esond bi t
that is a I%[‘Egrolernent Ofetﬂt rst (1 \zi{%erelnthef tfblt and the
second bFPUNEHHAL AF3Qciptgy Rair ﬁaeraorenca HYHEFIR pachsqass amplifief CRMBATERE [ g ad
the rrermwnac%@lbbﬁweeﬁml%ﬁﬁ%6fﬁa€mrgtfm&ﬁor[k/%eu aRdNeQEcInd L ARS YebAd ed pair
of menory c wherein each sense a ifier conpares a voltage between

the fi rsmemwygﬁllwheaﬂhpﬁatar’mtrmry ceII and the second bit of the second
menory cell to read the data bit. 81. The DRAM nenory devi ce of claim 80
wherein each sense anplifier restores the first bit and second bit to

predet er ngned THODIREOM rh&MElyebRE 8fclain YhdheRiPedhisefi®@¢hplifier restores the

first bit and second bit to predetermined voltage levels based on the data bit read.

77.  The DRAM memory device of claim 75 further comprises
a control logic circuit to control memory operations, wherein the control logic
circuit fires a word line coupled to the first and second memory cells of an associated pair

of memory cells to read a data bit.

78. The DRAM memory device of claim 77 further comprising:

a plurality of digit lines to coupled the memory cells to the sense amplifiers.

79. The DRAM memory device of claim 78 wherein the control logic circuit
equilibrates the digit lines coupled between the first memory cell and the second memory
cell to a predetermined voltage level before the data bit stored in the first and second

memory cells is read.

80. A DRAM memory device having an open architecture memory array of memory
cells wherein, in a plan view, each memory cell has an area of less than 8F2, the DRAM

memory device comprising:



82. The DRAM nenory device of claim80 further conprises a control
circuit to control nenory operations, wherein the control Iogld otk %ﬁb
simul taneously fires word |ines coupl to the first and second nenory
cells of an associated pair of nenory cells to read a data bit. 83. The
DRAM nenory device of claim82 further conprising: a plurality of digit
lines to coupled the nenory cells to the sense anplifiers. 84. The DRAM
menory devi ced Raradifaetraags ohasspeinted manary selisgp stasgatabits efithe operyui | i br at es

e 9 DR OUBLERBELNEEI e PRI SR gt ftegevord
int he first and Saeﬁnsnnhemnm}nmllytocseird: 8 ﬁm biteadl.
a second memory cell to store a second bit that is a complement of the first
bit, wherein the first bit and the second bit form a data bit; and
a plurality of sense amplifiers to read the memory cells, each sense amplifier is
coupled to an associated pair of memory cells, wherein each sense amplifier compares a
voltage between the first bit of the first memory cell and the second bit of the second

memory cell to read the data bit.

81. The DRAM memory device of claim 80 wherein each sense amplifier restores the

first bit and second bit to predetermined voltage levels based on the data bit read.

82. The DRAM memory device of claim 80 further comprises
a control logic circuit to control memory operations, wherein the control logic
circuit simultaneously fires word lines coupled to the first and second memory cells of an

associated pair of memory cells to read a data bit.

83. The DRAM memory device of claim 82 further comprising:

a plurality of digit lines to coupled the memory cells to the sense amplifiers.

84. The DRAM memory device of claim 83 wherein the control logic circuit
equilibrates the digit lines coupled between the first memory cell and the second memory
cell to a predetermined voltage level before the data bit stored in the first and second

memory cells is read.





