WD 03/ 021602 PCT/ US02/ 24673 MJLTI PLE WORD- LI NE ACCESSI NG AND ACCESSOR

FI ELD OF INVENTION 5 [0001] The present invention is in the field of
menory dewoDag/oareehi t ecture. More particularly, the preseRrCTIUSIZMGTDN

provi des a nmet hod, apparatus, system and nmachi ne- readable nediumto use a
set of word-lines to access a row of menory cells. 10 BACKGROUND [ 0002] A
nmodern dynami ¢ r an§Su Aeg ESW O INE(AEERESINGRND £AECESSOR NENDry bi t
conprises one transistor and one capacitor. The transistor operates as a
switch between the capacitor and the bit-line and can be activated or
deact i vat edgbp @ Woviktiore 15 coupled to the base of the transistor. The
menory celT can store binary information as a charge on the capacitor and

t he cha5rge can be sensed by a sense anplifier conparing a bit- line acting
as a sign t-li ”?h@@r‘é At BivErtloh €indRe FiBE offhemohBi&S The
bi nary ?#] tion ma %e repnr e)senltne ly 0osFt |O\F/)§ eglrc‘é%gcglg%n%/rg %Vss)lz

volts acrq@stlcmhely, thapegsentonventior prayidee awnethoda appagatesh aytem.oamdamighinet | ne of

posi{ i ve (VRMRHRm WIRL £ B L0820 aR: YR A9gAgpLagENt | ng one binary

bit and Vss 1s a represen secon nary bit. [0003]
Based on the spati al Iocatl on of reference bit-lines to signal bit-1ines,

DRAM ali({)ayBgff,ggﬁléghﬂons may be divided into at | east two architectures:

f ol ded bi t= nd open bit-line. Both the folded bit-1ine
architecture and the open bit-line architecture have advant ages and

di sadvant The folded bit-line architecture rise ry cells
on a gi veﬁgmd i né, m8§‘ifB Aéaa”t“(ﬁ @U@W ABERSMBIAY | fsﬁg‘%p%?’ﬁﬁ'a{ﬁgg li nes
are coupl @y BREBMYri%ebhe @dndisdF endseRanptciel. Theoransikioeopesdieiidla shitth | i nes by
reference b|t PII nes An advantage of this architecture |§ t hat |t pl aces

X

the signal equenltliquep%tar pngk e éﬁé'ée BRd ¢an; brercirptsdpredeadivatsd xpMAYlingr good

mat chi g alouplB@ (P BARS e RankBioBSMThe MBRSrySRAhRbbk Wiy GfGiHatioRhd /Y
| ayout. Consequently, the folded bit-line architecture 'has a | ow signal

bit-1ine <eigplonthy capasienand thy dharga carohg sensgh ly a senspaneléier gempariaad bithe sense
anpl i 11 er s, 6ajihe, 8bit- B%CAN { BAind bliink! oGS (PEcAURNIET Tk ARAT, Vhen
al ternate sense % %] %lnersl are pl acle " % '836?615 ggi EC‘F?‘Ug 24673
mformatlon may be represented by posmve or negative (Vp-Vsg)/2 volts across the
capacitor to combine with a pre-charge on a bit-line of positive (Vp-Vss)/2, where Vp is a
20 high voltage representing one binary bit and Vgs is a low voltage representing a second

binary bit.

[0003] Based on the spatial location of reference bit-lines to signal bit-lines,
DRAM array organizations may be divided into at least two architectures: folded bit-line
25 and open bit-line. Both the folded bit-line architecture and the open bit-line architecture
have advantages and disadvantages. The folded bit-line architecture may comprise
memory cells on a given word-line, coupled to every other bit-line so signal bit-lines are
coupled a memory cell and are separated from other signal bit-lines by reference bit-lines.
An advantage of this architecture is that it places the signal bit-line and reference bit-line
30  in close proximity for good matching at the expense of a larger, less spatially efficient
array layout. Consequently, the folded bit-line architecture has a low signal bit-line
coupling, resulting in a low signal to noise ratio and the sense amplifiers can be pitched

every four bit-lines, or quarter pitched, when alternate sense amplifiers are placed on
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either side of a nenory bank. A disadvantage, however, is that separating
active bit-lines by reference bit-lines can cause the coupling capacitance
bet ween awipageateobit-lines to be a large fraction of overalluSoapmes t ance
of a bit-line. In particular, when the signal bit-lines on either side of
a reference bit-line read one or zero, the voltage on the reference
bit-1ine Bithensds afg raenqry dandi rdedisadypntagedhewryves i thaigepaditing eetdigtbitdinepet ween a

signal bitgl| 1 b adol r 1Ak ed

Vol t age di PrEr ey O WA caf G REESe L cichlin e En gBILERR ysE S
contrast tlarge Hiactianl efextedsll tcapaciancapt hbitdioe.utrepartibvdaropken the sighdl lhis-lines
architecture.,10.coMmr.l spat.| epar at i | .and.ref

b1 t-11 nos. ey yEATLRRR SRR end GBI, R SIS B FLFRETE

adj acerst , rhowe\ea, likei direttianeand ahs eolfage ndiffagaial bétweenco sighal rigt-livgyandlxke hi gh and
bit-1ine tofword-.l i.ne noi}sedfrgm ca acitil e é%’@'h gl?maf{ contri butle to the
overal | ndPEETCHBIHINETRAPT [FAUGEdn A TRECET Yolagpdiicen % HePHEalad c'gnal
bit-1ine ded)dgay.anplification and wite-back. Mre inportantly, during the
write-back phase, when 15 placing the charge back on the nenory cell, the
sense anplifier, driving a full swing signal into the cell, may cause the

adj acent qo@a! Dbi t # doAGadReithe gbl@EEHERNDArkhileb e, tHe opéh BE-IinG architRARe t €
directions. For exanple, when all signal bit-lines read out zero, the

r ef er efce 99mprisqsi spatéaliyispparsied signal @pd Ffefancghit-lings+ felliRkng a mpse ROpPAste. Then,

the referengeshil mkibR9Re AP adjhRAUGEVE eV Blt1RG Roidfrbh Gaphitide LAuBBS: Rly
non-sel ected nenory banks, causing the non 20 selected nenory cells in the

non- sel ecthechighe and Pitthian ke worsl-line nedsgklirgm gapacisiae sauplingandyveoniripgtenforths el ect ed
menmory cel ] S..6a0:8" &k Nfle thaE;EX1E fotNe, dLaLNaes .. depend
upon 1 ho- sualiPAie Baflc Ay B e e e Rlerdipe o o oA P e 2
[ 0005] | n anipdifietmongranyiitreepack. avirlorg simpbitilyr dmnge Heewritgebpck mphidscawbersi mi | ar
el ement.s: Figure | depicts ro or.,C risi : .
mul ti pfse- v%arcg]-gl &’ﬁec hgrrégng’? %/k %n@% %éggriucﬁll’e%gggﬁsg aﬁﬂﬂhﬁ ?%ﬁg-g@gradfului e fremor y
vi a a bus.signabutoah@cellempay taisathe edibedi signt biofinaandirefpleaceviit-likel to sveingimor y.
Figure 3 depicts.an. e di rent of nultiple-word-1ine nenmpry.. Figure 4
depi cts a PPOTIEFIFLIOGT Gsuumie eh fbs s BLd P SR e opa s firor y. 2
lines will be driven high during the write-back phase. Then, the reference bit-lines can
induce a voltage on the word-lines of non-selected memory banks, causing the non-
20 selected memory cells in the non-selected memory banks to be weakly activated.
Activating non-selected memory cells can drain charge and the extent of the drainage may

depend upon the severity of the coupling.

BRIEF DESCRIPTION OF THE DRAWINGS

25
[0005] In the accompanying drawings, like references may indicate similar
elements:
Figure 1 depicts a processor comprising embedded multiple-word-line memory and
30 coupled to a multiple-word-line memory via a bus.
Figure 2 depicts an embodiment of multiple-word-line memory.
Figure 3 depicts an embodiment of multiple-word-line memory.

Figure 4 depicts a flowchart of embodiments to access multiple-word-line memory.
2



WO 03/021602 PCT/ US02/ 24673 Figure 5 depicts a nmachi ne-readabl e medi um
conprising instructions to access nultiple-word-line nenory. Figure 6a
depi ct s awoOenboddzrent of a horizontal shift. Figure 6b depiraiss2/aw7s3

enbodi nent of a vertical twist. 5 DETAI LED DESCRI PTI ON OF EMBODI MENTS
[0006] The following is a detailed description of exanple enbodi ments of
the inverftigwasdepi 8@%@5 ianmeehineicadshisampting  derantisings insThnsions donpsiceess

enbodi ments are in to clearly comruni cate the invention.
However, the anountﬁlgﬁacf %%Fﬁﬁgﬁe dis not intended to linmit the

anti ci pat digweaba at i depictoin eeﬂlrh@duhen'emftadnorlfmal\shlﬁ ations of enbodi nents

anti ci pat t he  pr i numer ous to di scuss

i ndi vi duaﬁﬁ%&gébt hed%l(ﬁéﬁnetmoﬂog%é%g”foat |egtrf§| tt‘))vé?ow are designed to nmake such
enbodi ments obvious to a person of ordinary skill in the art. 15 [0007]
Ref erring apparatus conprising a
processor 10 Vg a1 Tt et attd coupl ed to an external nenory
via bus 150. Processor 100 conprlses a core 110, a nenory controller 120,
a staticr m access ( 130,. an i wor d- I

dynani ¢ ra[ﬁ@% accegg ﬁ‘ﬂﬁg' %Oa? ei‘im’“oﬁ'ﬁ’ efﬁ?'{ﬁi E@Pg‘f’ﬁ@ts

coupl ed t anfengorTdEpidtdd 161Mcaod1paﬂﬁn?%%rﬂgzoTh&b@nﬁ‘l’eﬁeni&@m@dﬂ@ dﬁ@mmwh
controller 160. The multiple-word-Tine DRAM 170 may conprise a larg

nunber 10f 45O eléqlrincqmmla"%aﬁﬁath? inyertion. rfweé%ama@wuetrfé" dﬁ@ﬁ@f@?fﬁééﬂ may
conprise fgunndeRl %ehrﬁ!tztﬁe %ﬂﬁ@;’ia‘%‘éﬂl @J}Qtlbﬁk‘?oﬁ QEBLdiFBAIOr YTIRY Y&atiBhs of

mul tiple-word-line DRAM 170 may conprise 1 gigabyte. 25 [0008] The density
of multi ple@b@émnts| ARLICIIRIN iorothﬁmyreb@t pavertionl arel {pos akmerphse to f digcuss

appl ! oAt | Gy SmEALERACISATB GRSy U JABHAMCSAIRULE! SmbRBRP | O
conput ers ones wt t abase or rnternet access, or cellular
phones compmoesmgt;fenfeémasukiﬂ inthepitone book, address book, caller 1D,
etc. The density of multiple-word-line 30 DRAM 170 nmay be contributed to a
menory cell being |located at each intersection of a rowwth a bit-line
such as o[eoo7pi t - | i Refeainghndvead URig. 1 Howey éy shawre anudppantue - avatpeising e

processor 100 having an internal memory and coupled to an external memory via bus 150.
Processor 100 comprises a core 110, a memory controller 120, a static random access
memory (SRAM)) 130, and a multiple-word-line dynamic random access memory

20 (DRAM) 140. The processor 100 may be coupled to the multiple-word-line DRAM 170
via bus 150 and memory controller 160. The multiple-word-line DRAM 170 may
comprise a large number of memory cells in a small area. For example, the memory cell
may comprise four feature size squared and the total memory array of multiple-word-line
DRAM 170 may comprise 1 gigabyte.

25
[0008] The density of multiple-word-line DRAM 170 may be particularly suitable
for applications such as notebook computers or laptop computers, palm pilot computers,
cellular phones with database or internet access, or cellular phones comprising features
such as phone book, address book, caller ID, etc. The density of multiple-word-line

30 DRAM 170 may be contributed to a memory cell being located at each intersection of a
row with a bit-line such as open bit-line architecture. However, the multiple-word-line
DRAM 170 may comprise reference bit-lines within the same bank like the folded bit-line

architecture.



DRAM 170 may conprise reference bit-lines within the same bank |ike the
folded bit-line architecture. 3 WD 03/021602 PCT/ US02/ 24673 [0009] The
mul ti pl e-worodiotiene DRAM 170 may conpri se sense anplifi er s PCRESOER4872ach
sense anplifier is coupled to two bit-lines of the menory array. One
bit-line my couple to a first group of nenory cells of a row of nmenory
cells and the second bit 5 line may couple to a second group of the row.

The row gﬁg?dex)g COUDlrfgélif g;i@e%trd-ﬁﬁe SR S '156%%5’?‘“&%@319@ s@ﬁ&”&m?ﬁﬂérbe row

may be c to a ‘ent word-line and non- conductive naterial may
separ at e edeheinosct-sérisnemplifianss caaplsd tortao bittlinet pfithe mayolyearrag ofipabietint 0 a
el er ence Bl ool Wrkhiohbub B yRRBK JTRUBE S RAM NG TLURGRN AR bliGaBhonal b E-
| ine of the-sensSe anplifie 0 a dgroup conpr|5|ngr5 seleeted nenory cel

and at tsacHinegnayhveud to fepehgreupofitht rave Tie mawgnaue wopipd tosd segofwordsel ect ed

menory cel,ls in,the same row. As a result rou in the row be

| ndependerllFy, 0 cadh ERVE 97 Bk ol iy BF stiled Fod eriah VO BE A diorT ne oRAM
170 may alceaduzeing mddial iniaUbdpatate @acheivbeislinet h@hugyedreigyalcbik-tise midyebei rcuitry
may use a pointer to _track, hanks of menory cells to refresh. . 15 The

poi nt er MW%E%@“@“&&@HR%B@%lﬁ‘d@"r\fa”ﬁa{ﬁ?{“‘?rﬁIb%EH‘ ‘Hra&‘é?h”i‘%tt}]‘? é’%‘bﬁjr‘?g'e to

r ef r eshi nging of tHel'seitk aRPhker tb B gAslgicbinpisind H&I@ted Gbtintory cdiPand@ttiddsly thdre menory
cells may conprise a counter or tinmer to track the tine avail abl e before

r ef r esHi ngeRreRehHiFnHRRAErOYRFORBHEING BAfRFIRCHEmIcgnOrY FRAIS 4 the SRS 5P™: oA %&f r esh

may furt hgesuGOpmnpsSE tHelrbw Waly b¥ ifdepdpastitly stletgdié £k ot&v%lo_eps\.ﬂhen the nenory
bank to be reffeshed is not being acceSsed or is not Peing 20 repeatediy

accessed. [0011] The nenory controller 160 may facilitate access to the

mul ti pl e- myine H&R-1% PRAMPIAGH Q§oé&%isé@ircﬁﬂﬂ§toer@ﬁé§ﬂitﬂ@nts1 the

menory controfler 160 rmay coordinate accéeéss of tﬁe mul t1'pl e-word-1i ne DRAM
170 and otremorgaelds. skhercirgetryedl ussa p@stehip track barks of memOryoellptp rofresdy agent s

coupl el t o k8%, [ A0ARL 1 LRR SR LA TR o CATRTH SEBE B Reddfyd £ SXeCUL e
a general application or specific application code a my use e SRAM
130 and t kerrBiRAbdnk 40int aldgiooy the ccadeitryap refa¢shethe swdhtonakcel]s mayl coapiisbd es

during execution of the code..Mre.specificall the core 3 10 may access
SRAM 330 SRUMBRONTST O JPEK GRS, BRR B sy e rsiney GG ke THATEY 120 iy
coor di nat enfbalimnearidthe afeuis a6 aehesh ataweartheoRAMpiigOciantrydl ekl £refresh

cycle when the memory bank to be refreshed is not being accessed or is not being

20 repeatedly accessed.

[0011] The memory controller 160 may facilitate access to the multiple-word-line
DRAM 170 by the processor 100. In some embodiments, the memory controller 160 may
coordinate access of the multiple-word-line DRAM 170 and other data storage mediums

25 by processor 100 or by other agents coupled to bus 150.

[0012] Processor 100 may comprise a core 110 to execute a general application or
specific application code and may use the SRAM 130 and the DRAM 140 to store code, or
other software, and variables during execution of the code. More specifically, the core
30 110 may access SRAM 130 and DRAM 140 via memory controller 120. Memory
controller 120 may coordinate data and code storage between SRAM 130 and multiple-

word-line DRAM 140 such that code and data being accessed more frequently by core 110



wor d-| i ne DRAM 140 such that code and data being accessed nore frequently
by core 110 4 WD 03/021602 PCT/US02/24673 is stored in SRAM 130. In

al t er nat iwe oanbwdl nents, processor 100 rmay conprise nultiPpprarsene4s i ne
DRAM 140 wi t hout a correspondi ng SRAM 130. [0013] Processor 100 nay
conprise enbedded nultiple-word-line DRAM 140 to 5 store a |arge anount of
code and datstoréch in BRAM d38ssbr ali@native ranbadimentge peosessert 19 naydemprie  dat a

may reduc NGLLF . i i rage outside the
processor q&@gbm‘{d&ﬁﬁﬁ B%M?&&gﬁ%;%&ﬁ;@h%%%%ﬁy conprise an array of
menory cells organized in rows and colums. Each nmenory cell may conprise
a transi st nd a acint or . [z I V. be U set of
wor d- | i neslﬂ hﬁt cou%&égsgcgr fgou’?éﬁ @?\ﬁngf&ﬁ%ﬁ%{ ?H@élef“slor 'gmgb%\vl\%l q%ﬁéo

wor d- | ine sty a langenanaduht efivddoandtdat ib thapsdcedsor. Swdringadhrgabmhawheflcodaembry cel |

li k itch. The t i st . I i tor. of It
e o R o Y AR BB Tt e °
bit-line when the transistor is off. The second | ead of the capacitor nmay

be coupled to a power supply node 15 ch as Vss. In alternative
enbodi mentlQ@“ﬂ he WEW%P&I%%{P‘Id'IPP&yD%%?‘rOsE‘% caBPAsesOIEY et BEmARfEDr devi ce

ot her than fh&eganash ahd a6ImARY FaOHTRen®B BN May RBMpAREa trhAdiddrSdnara I n
sonme al ternate enbodi ments, the second | ead of the capacitor nmay be coupl ed

to VD. 19 0CRBAcit. t Altigisonmay he conpladith el wordilines thrtaauplena miyaltnabl e t he
menory 20,664 %ellstrlo‘a%\!v'.m?ﬁe ABA) theSRRSEMMTPAl dnbhe FRNisRE ofF KRLELNLL T he

bit-line to ser#]se he anmbunt of charge stored in a capacitor of a nmenory
cel | when méneory celhske e gwitddf. Tlectramsistor yay epuplé & capacitated aonemdrpeelbtoapl e, a

menory cely.. fRy i I . nel-r. i ached to
t he transidsfttlgr% %‘Fe%tthgﬁgf%@r%?répggl)éwgﬁi‘%é]m\%{’%g%g&%ﬁtfgﬁ u%rﬁg bﬁ{ hlén et%%ﬂgfléstor on,
al | owi ng ateasigter isfft Nehe reowod {eaé betire napacifor tintag beenupisd to@lpoweosupplinbdee Wi t h

the charge on 25 t it-line.. Then sense-anplifier attached to the

bi -1 1 o P oV B lercaie Sy R e 3Ry SR et oBhe i f O e

af f ect ed hylenidneorcdeaicg@thenthah checapaiortand naly coinpriseanare yhad @h¢ trheistog. Im ead, and
conpare that charge t reference charge. The, sense-anpli fi may t hen
cuthat - viose satienBufinns Siorcn S et caBE e o pIB e 1 sons
enbodi ments, the bit- line is pre-charged to enable the transistors coupled
to the bit-line. Sone of these 30 enbodinents pre-charge the bit-line to

hal f VD, rl8@t¥i ng t Bé-leesr pEHE medpicpprd-Hiee PR 140 apayaspupls thedsB¥power

di ssi pgf i QRjis in columns and a sense-amplifier may be coupled to the bit-line to sense the amount
of charge stored in a capacitor of a memory cell when the transistor of the memory cell is
turned on. For example, a memory cell may be read by applying a voltage to the word-
line attached to the transistor of the memory cell. The voltage may turn the transistor on,
allowing charge in the memory element of the memory cell to combine with the charge on

25  the bit-line. Then, a sense-amplifier attached to the bit-line of the memory cell may sense
a voltage on the bit-line as affected by the charge in the capacitor of the memory cell being
read, and compare that charge to a reference charge. The sense-amplifier may then output
Vp or Vss depending upon the result of the comparison. In some embodiments, the bit-
line is pre-charged to enable the transistors coupled to the bit-line. Some of these

30 embodiments pre-charge the bit-line to half Vp, reducing the current used by the memory

array to reduce power dissipation.



5 WO 03/021602 PCT/ US02/ 24673 [0016] The set of word-lines defining each
rowin a nenory array may further define groups of nenory cells within
each row,waloBowiény a group of menory cells or a nmenory ceCi/usot/biem a r ow
to be selected for access while other nmenory cells in that row remain

non-sel ected, or are desel ected. The set of word-lines may conprise nore
than 5 ondOMHd- i n&he seitafrvgidlings Jefinuig|caeiesp hin & Megier: e BEY Vertheat er i al |

to coupl e defindBFRPY of £EbS dells mﬁfn Ja@lWro»\l RISHIRE SSFBQAL MRSy cteh:ﬁorsa?t of

word-1ines may conprise a"pair of I'i nes seEarated by a substantially
non- conduchERy $alf @ithiy a rovhie bej sp@@te@\&r@cqeiswhlﬂmgﬁ erb@ewpﬂbdn that et

nunber ed %m{nynoﬁ%lﬂ'eae rbraarJQ ROt R &?%?W% PRE 4 n{gﬁ, R%Fﬁ){ﬁgﬁ’p' ed to

even nunber nenory cell’'s in e sane row. 10 001 ] I ments, a
first wor doneiwmdhng scbﬂmtlell)t GOEtedémarlyons@hdi@twmmatenalow ccapbec(mmhcwor d-line

may be COL{!%}H? ﬂ'l [ Q\? ﬂleg%tme elibodthehtsS %1 ls%t bpwgrdrlmgs n¥ap cohlpir‘]lgegttl Ip{ﬁF B’fr y line

may be coupled to the next 8 nenory I'na row, urt her
enbodi mentwordilines Sfeparsted\hmactubstamealhsal}onb@nwum edtetial, e fiestovoyd-ied dgy i N a r ow

and the 15 se 0.t next. 16 nenor ells in a
row. In tﬁ?scq%glte?ég\%d&i ega"iém%fyhge?lg ﬁ? gt vvonaqﬁe F\eé:o?fiayord lfne %yﬁ %e entire
| engt h of dohpledmvetﬁ%ﬁt&}m‘Eh&ryvnlldrdthmﬂmwwa he set of word-lines nay be

| ocated in the same horizontal |ayer of conductive material on a

sem conductor chip and/or nmay reside in 20 different |layers, vertically

separ at ed [og17]ayer SIOéthet@mrbeonRduG) 4 ALt Waﬁ:lelfriealhay colipls e neepdicMEm £, t he
set of word-lines my (f nprise a rtical twist to ;%cwltate coupl i ng of
the set offWof de9ondaQr anam%Pﬁa?wpfrg tﬁé%wtéémngow 1S iB Ry Be tbn a set

of wor d- | i f&fory SRERRdySRScdupRd \e@m dekNEmehREALAM ih A bREets ANE P Firdept al
| ayer of conductive material such as netal |ayer 2 and the word-|ines

al t er nat e WehodisEHtse Bpitnyerdding mayphs erpigd feddmpmpey edls|ia agawrand o ughout
the roy asec\!cﬁ)'at\i/&allmE ‘Ma%tbeocfouf)l@@ td/‘@{edrwkt' f@%eﬁﬁﬁl}%eﬂ§ il 8 §\b0"m thid 14ee - 6D

and a horizontal shif he second |1 ne’such as 1s showmn in Fig. 6a
may swap tm@odméﬂ@aﬂmlm@rﬂmm@y ot r'ﬂlhfée ﬁﬁtﬂeienm@ﬂmblr% and the second
wor d-1ine between each group of 8 nenory cells while naintaining the
separation by a non-conductive material. 30 [0019] Referring nowto Fig. 6a
and 6b, a [0@¥8i cal Thé stordriiyesbel the csshrpif i vedrddingsy may Hief tocated an fthe samenor d- | i ne

to a Cond'“ho 1zoan‘al lgye?rof c%nt?u‘::tl\(l3 %%te%igl c§n0§%elﬂé8rr1]du%r %Ei&)aalnd}ogwgy r%side in
20  different layers, vertically separated by layers of non-conductive material. In some
embodiments, the set of word-lines may comprise a vertical twist to facilitate coupling of

the set of word-lines to alternating memory cells. For example, when a set of word-lines

comprises two word-lines located in the same horizontal layer of conductive material such

as metal layer 2 and the word-lines alternate between coupling to groups of 8 memory

25 cells each throughout the row, a vertical twist of the word-lines such as is shown in Fig. 6b

and a horizontal shift of the second word-line such as is shown in Fig. 6a may swap the

physical locations of the first word-line and the second word-line between each group of 8

memory cells while maintaining the separation by a non-conductive material.

30 [0019] Referring now to Fig. 6a and 6b, a vertical twist may be accomplished by
shifting a first word-line to a conductive layer below 600B to 605B such as metal layer 3
(or a conductive layer above such as metal layer 1), running the first word-line to the new

location 605B to 607B in metal layer 3, and returning the first word-line to its new
6



(or a conductive |layer above such as netal layer 1), running the first
word-line to the new |location 605B to 607B in netal |ayer 3, and returning
the firstwamsg2iedhe to its new 6 WO 03/021602 PCT/ US02/ 226TAIS0Y/pwsat i on
610B in netal |ayer 2. The second word-line may be shifted froma first

| ocati on 600A to a second | ocation 605A in netal layer 2 in the space made
avai | abl e lpeptigp640B ingyetal layer By ThhsecpidyordHise may de shifpdifrpm airstlogations) | ayer

3. Al ternaggoxab ¥ sedIfd Bc&tfb‘ﬁ 655A§J?m¥\f§flgyér'2r?ﬁthe§&fée hiage mqméimwtmlyepe may be

shifted with a vertical twist. 50 Referring again to Fi , sense
amplifiers? h:ayhlfs@gdbmﬁtsevmtdohrm in meitaié@/eaﬁ Adigenatiealy, giothcthe (fesﬁevoyd -line

bit-lines),) Oq@q\;o%jhg‘{]m?)p Jk(g;?ﬁe‘J%thoafvePt g tg;fslgory array or half- pitch

(every 2 bt - when on one si he menory array. A sense
anplifiser may couple to a first bit-line of a flrst rrermry cell coupled to

a first {?}zd]' ne aﬁgfeg gla ]t$ Fﬁlgé nsé 9;99111%& m]a?' BE cou 18 t%eo(ftolr}f%ls Tlarmr y

cell coupl'ed to a secon wherern
second nenpuagtergedch (¢evesi 4dbit-lines) vbers bveted onvbotlisides of the nmm;earrayrmlhafﬂ er may

corrpareas a ect ed. e cell to refere bit-1ine
o ron-Rlof 8wty fklingtfwBen Pedted Gionk S RERE Suerr i B SRR Totrced

by capaci trha/)ecoupﬁlﬂ@h Fifsg bisdihsveNfist mérgmlceltbcduplddn@a ﬁmix@fcenmamblcbuﬂm ne, and

t he Wordllnes%a th&W“tel back. j)r iratance ﬂurl g btebck a

vol t ag¥ ofto¥s¥c e g1 seerdBemry cel GarRied i @ seqqn ne,Wigrdge of VD

nmay be appﬂixtteﬁlleﬁa@ryt&w arf Qb&fdlcﬁheﬂﬂbnty-édlln@sid@a@@{bl §aneerowUThiis)Ghe Bpbyveen t he

Si gnal bit-line and the word- L nf (gtﬁy can% out or substan&wal |y cancel

capaci t i veATAIT MAYCERRATRctieneh - deticerehmempenyfed tameriarpree REe Pf nes.

hori zont aly §H-{electe@magdry iceRlin thit SdmOfou, HeducRRdRiRahiRRBe@BY agRattvéense

anplifiers may facilitate the 20 cancellation and may further reduce

bi t - | i ne- t@UPIng batwieenco signal bif- 1By, refpnsgdiitnier pd Hiesyydiges gaingewiier ef er ence
bit-1ines ppd ﬁﬁlgigﬁéncp'&unln% D& e bicﬁogmltag@oﬁog%ﬁrwgi MEMoSthe bi %gﬁa ppnductive
al terniat e rr

| ayer where eac I'i ne Tesides ma ated to furt “educe
si gnal bi tlirleiand a wltiggeyn@aVo biay Uelamehctdompihqr rederemgrbitehingnpfapacitive aBipling st

sel ect ed Fetdey . i€ l&ﬁ{lm ﬁr?e § guﬁ)\L: qgor& ?m Pi'a%ﬁ‘lﬂﬂcgfeobt or ufo%fgxﬁfallg%gﬁjc'é?t' ve

| ayer and an adjace ecte nmenory it-line in
athird cmadawiueweuﬂlmgéetweemyefewb@ohlms andethplv\@yd hnesemt ha@bntalhshift or
vertical tw st i ch a of each bit-line,
for Sym"ret(fryvertlca? twns ol% t%e learzis be%ween adS acent sense amBPhers may ?acﬁltate tPle

20  cancellation and may further reduce bit-line-to-bit-line coupling by increasing the distance

between reference bit-lines and signal bit-lines.

[0021] In some embodiments, the conductive layer where each bit-line resides may
be alternated to further reduce signal bit-line to signal bit-line coupling. For example, a
25 first selected memory cell may be coupled to a bit—line in a first conductive layer and an
adjacent selected memory cell may be coupled to a bit-line in a third conductive layer.
Many embodiments employ a vertical shift or vertical twist in the bit-line, such as at a

midpoint of each bit-line, for symmetry.

30 [0022] Referring now to Fig. 2, there is shown an embodiment of a multiple word-
line memory. The embodiment comprises four sets of word-lines 200, 210, 220, and 230
coupling memory cells, such as memory cell 203 and memory cell 207, of the memory

array in rows and bit-lines BLO through BL7 coupling the memory cells of the memory
7



30 [0022] Referring nowto Fig. 2, there is shown an enbodi nent of a
multiple word- |ine nenory. The enbodi nent conprises four sets of

wor d- | i new0200216210, 220, and 230 coupling nenory cell s, PERAISOAS6AENDI Y
cell 203 and nenory cell 207, of the nmenory array in rows and bit-1lines
BLO through BL7 coupling the menory cells of the nenmory 7 WO 03/021602
PCT/ US02/ 2467 3n clpmpy The eatbodimsat futthe cempows sese-amplifians?40c 83 26& asd

sense- arrplﬁolt@g&egsﬂaqd re%ég)hmg,ﬁgp amd 270 to access and refresh nenory
cells. [0023] Each nenory cel may conprise a transistor such as transistor

212 and a 5 capacitor such as capacitor 214. The gate of the transistor

212 b | ed C |
may glogﬂgp e EQchamélﬁB%/Q:fell mrc%m!gh&eé téx%%ﬁsgbr%rﬁr%ﬂ n%f@aﬁlgfgﬁofhm@ I nes

210 and t it-line suc ccess A vo?tage may
be appli edcaperitohsuchas eapaditor B&4. t Thengsiesafdhe tpanaistoh21 may bﬁfcqmpl’edato hbetof 210,

capaci Cor " ehdeRieE 1 st deyon k! I AR LFaPBLT RESTR

capaci tor mayor’geetto&p\loétdget ma)abe a@lnedafcelrhetgate of dietteayaistdd Gia thwsehoﬁmﬁiss

[ 0024] Th wor d- | i nes. resent enbodi rise two
bor - 11 neire€ plp U bf ne BRisGr 2[4 5o B iR 8 BonBERE T SR I PR 6 (Weo)
and wor d- | 21@eand bittiNe7BL.7. V\lxﬁadzlﬁllml the dtteer 8idk iof $Hie dapabtitoMBIADILE coaplédstood t he row

defi ned by %t of lm;r,\fﬂ)]E éS 200 and WL7 couples to a second four nmenory
cells &F t'HET O R8wW OEShe a% $-of word- lines such as set of word-lines

200 conprises a word-line shift such as word-line shift 205 to facilitate
coupling a second word-1ine such as W.7 to the second four nenory cells.

The physi d80248onf i ghbasetsht vrd-fings ahiierisenemdpdimentxaeh compaisp BYRIWPRA- upon t he

physi cal gREf waamz,@nse%f bR I15RE 2@6 ciried w&aﬂma%Qwﬂ%;ran@mmlﬁw when W.6
and W.7 are |ocated 20 in the sane horizontal |ayer of sem conduct or

devi ce, tH&hBr dV1G eraplshiar g fimpiupmgmorysfhy ofdke @WWQ:%X set gf werddinepot h
wor d- | {ne Band WET L LdupRel o Me%&nooffou@ﬂsn&? oond o QR Bw. BALH ﬁ@&f %rgs hift of

t he secon I'n some _enb S conprising nore t .
wor d- | i neslmes mhmmor wneﬂslln¢a90(i/@mnrt§@sla vordflmh@lmftzsmitaalwoydém shikd0at a tine

o, 11, S B 0180 s 9T WS SR TR, o
a first | diter pfﬁ@n@ﬂ ¢ooﬁg1ratmmdofcﬁ1b\Aeordduyershll&el(bwsGﬁﬁﬁderhteup‘onrtb¢ phgsyat and
configuration of the set of word-lines 200. For example, when WL6 and WL7 are located
20 in the same horizontal layer of a semiconductor device, the word-line shift 205 may
comprise a vertical twist of both word-lines or a vertical twist of one word-line and a
horizontal shift of the second word-line. In some embodiments comprising more than two
word-lines, two word-lines may vertically or horizontally shifted at a time or all word-
lines may be shifted at the same time.
25
[0025] Referring now to Fig. 6a and Fig. 6b, the vertical twist may comprise
shifting WL7 from a first layer 600B to a conductive layer below 605B the first layer and
shifting WL7 back to the first layer in a new location 610B. WL6 may be horizontally
shifted. Horizontal shifting may comprise shifting WL6, for example, within a single
30  conductive layer 600A to 605A. In some embodiments, the word-line shift may occur
between each memory cell and in other embodiments, the word-line shift may occur

between every 16 memory cells, depending upon the application.



shifting W7 back to the first layer in a new |ocation 610B. W.6 may be
hori zontally shifted. Horizontal shifting may conprise shifting W6, for
exanpl e, wotobiomen2 si ngl e 30 conductive | ayer 600A to 605APCITUSSZPAS73

enbodi nents, the word-line shift nmay occur between each nenory cell and in
ot her enbodi nents, the word-line shift may occur between every 16 nenory
cell's, ded8M$ing upBeferring agpiplto Eig Lobit-ligeswm0as02es62: ROTEWSOAELET 3

[ 0026] Refl%;ng ngor%g%&et&d:hg?/ bé ’locheEl i )b/&hggctﬁfgg?@ $0pAY Eﬁ%g@‘i&a@ﬁ?{‘gyer 3.

conductive ayers. For exa . ed Tn conductive
BLI may beohdustivethybml, E:b?ndla}z:tbp\I@ateéyErCOlldUCB@ZlaM}B 3.3l meyabetbcatad ¢onduct i ve

layer 3, B3, %Y. Bg?rl P%ﬁ:t eﬂtérﬁ%mggp%%\;evlg r@¥ELg; ajcent%gtclm;cl'sa‘lngiy %as@g

conductive layers | AcT base nce bet ween
si gnal i tthet dis@sge beevhsmlsmgaltblmehrcapacmctrlg\lbe weqo'iwen@ublﬂtg\A&emehmﬁ: sgmhal
bit-1ines nfurt dj t b|t es, M S ter t e between
| ayers frol"’ﬁ’tllne grghg\r/vem 4"qu e %‘63‘6 of &% Sln “3"%/{ 38%"8% aé?r(.s) mef r oOws.
For exanplrew-t8iév maiyonbe grduqa(oatcﬁzd; tb B sevehd proupytrows. Bor example; BIDpma§ ber 260

and shift to netal after t rd= |ines 22 uch that set of
wor d- | i ned® %egleﬁﬂﬁtaé erér%ﬁ%“%].@"ﬁﬁ%rrzg[)%\é\%}\'% q 'BStﬁfl riqr"f1 TCEPPW?YS | ayer 1.
[0027] Seres 200uth ther sepéfl wsid-$id€s 2 18Sins 20 oR A0 ety BLAH3 16da€kd in metal

sense- anpllfl r 250 or sense-anplifier 260 and sense-anplifier 270 may
furt hel cdf‘?ﬁflse a bit-line shift such as bit-line shift 265.
Sense-anplifiers 240, 250, 260, and 270 are |ocated quarter-pitch on 15
either side of the nenory array, or every 4 bit-lines. The bit-line shift

265 and qUi®A7dr  pi BeKeARpIifieA PRI sugh @s é%?)?‘ﬁh’@ﬁeééé@]a%‘b%ée aplifier P&} to two

different &rsaﬁ@%mﬁaﬁﬁersz%ﬂ%h@&nse Exﬁﬁhﬂ%&‘@‘%ﬁh@y fMﬁ%Pc&nﬂﬁnsé Wit 1M IRsuge! | S
coupled to WO and BL4 are enabl'ed, and sense-anplifier

240 is en@blbédmeéhlﬁllﬁl Sﬁée@mphﬁergw £2pG20B1and 230 B‘EAOW quirtesipitth et e t he
use of ;@ hiyhal &€, émeﬁloh}" e F)f @)an‘l%esae’rll%f Git- ﬁ;ﬂbcﬁbi? Llﬁdﬂ'ﬁu%rtré duci ng

charge 20 | eakag e fTom no ect menor |ne S t for
t he sense mmiplmdw kcnhpm ccmpllrrmc;achlssmewmlﬁclowpﬂwosh&dremygraupsefm isermingt Wi st or

the bit-lines.s and BlL4 b Ny Qinf gREAt Y ayers
al | owi ng tﬁhee’t‘)ar?p Wné3n ghe P WT%%GWCOU@CQ ?ocg)lciot W thi 1 1[3685%1% }fnr? Igléine
enbodi mentasg ermbles,end spise-hinplifier 240 s c2difled, aﬁﬁ-lmadhlﬁms «ﬁontILZsm B1215may

i ndependent . i.ndependent out put s bl tate reading a gr oup
of manory TR e o B BEtit PRFRY HEedHRL et Rrenedbind i aes Ve
enabl es) naeakaye i6&hIndn-selected memory cells. The bit-line shift for the sense-amplifier pairs

may also be accomplished by a vertical twist or the bit-lines such as BL2 and BL4 may be

on different conductive layers allowing the bit-line shift without a vertical twist.

[0028] In some embodiments, sense-amplifiers 240, 250, 260 and 270 comprise
25  independent outputs. The independent outputs may facilitate reading a group of memory
cells at substantially the same time. For example, after WLO enables memory cells
coupled to BLO, BL1, BL2, and BL3, sense-amplifiers 240, 250, 260 and 270 may sense
BLO, BL2, and BL3, respectively. The sense amplifiers 240, 250, 260 and 270 may then
amplify the charge sensed, write-back the charge to the memory cells coupled to BLO,
30 BLI1, BL2, and BL3, and output the amplified charge via the independent outputs. Thus,
four bits of data stored in the four memory cells may be read at the same time or
substantially the same time. In other embodiments, more than one of the sense amplifiers

may share an output.



coupled to BLO, BL1, BL2, and BL3, sense-amplifiers 240, 250, 260 and 270
may sense BLO, BL2, and BL3, respectively. The sense anplifiers 240, 250,
260 and 2w0 ogmyiebhen anplify the charge sensed, wite-ba®kTiuse2zas ge to
the menory cells coupled to BLO, 30 BL1, BL2, and BL3, and output the
anplified charge via the independent outputs. Thus, four bits of data
stored in the four nenory cells may be read at the sane tine or

subst ant i abbhaoit he sapRd b NeLre NARGTH TR n t he
sense arrpﬁi fi e]rs may g agiﬁgwadr)l@(l)gﬁt putre 9 \Q/\D 03/ 0%16@(16‘ ?%é%no% %T%I?B
[ 0029] Refl“shermwgplﬁmrd BneAngmory aray eQraprises @m@wmmdlfmlionphé%ﬁw@pledm@ menory

array. {wétatgae%w@ﬁﬁqt 3 Ofhef'8 prth@rnﬁe%yo&g@{]s@aﬁ%h SHRGH .Jféid ers 300

and 350 coup Ines a uarter-pitc the nmenory
array and et 36(ofndd7d- EtheEt 313®§>rd5m3ﬂ6)30 3601 368redd 37(Dcorpr¢shs aed; mefal

wor d- i nesw&ﬁ(?mes:géligt’ de?ggtv@ 1)1/ps ofciﬁr;rxpern{owgel m eefcr:ﬁ r?w 'I;r?V\gr d%},l Ilﬁﬁ? hat

define two s 1n each row dots,
such as skwmmaa‘sha%xsat 338, m 4 ow inddtheat @ualmg)blqamemga bembgecellaanalwﬁfsy cell
and a first rd-1ine 121% t he b+ack dot s sho Q?%’V ndi cate a

coupl i ng PRI RER apg dhe A9 cHCR 35 RBOWTH & %ecd?ﬂic ?rfo e %et of
wor d- | i nesmmrplcem ahdthehyecandWord=tifie aﬁthsymm‘twqrd4hﬂestda;eplemmmy rékl Fpr each

set of word-|ines y begin with four cells. coupled to a |rst

vor d1 e SHECEN dn HhETREII e Sy Elcli ML DRSSP Peis YL IouT memomchells | | ne.
e.g. groupsupld@icdrsBwdrd- 1iﬁaaﬁd1a{d,w.gmumer3&9 calnmboaglzd fcﬁtﬁb htsi AbRI-nebi t- 11 ne
shi ft between the first pair of sense a]rjr%) fiers and ff[i)alr of sense

anpl i fi er 8§ 8RS Weirddy’- al?‘f*'%i‘?r goypy 30 ﬂ’%@cﬁfatt“}'i’%é"%grw ctwess thay al | ow

the first maalr%?s@%éﬁplmlahauﬁfp%l&%eﬁs@amﬂmep& lﬁtﬂeqnan&wml bit-line in a
sel ected group of nenory cells and a reference bit-line in @ non-selected

group of menory cells. For exanple, a first group of nenory cells indicated

Dy VL 1se dgbs coupt ek bRRely AT o= 33 piRls B Shifhad sggiouPs 310

320, and | yI ng avotae Irst word ne
wor d- | i ne <@8ple maaySIgmnl hitdine UWeseés@@éssouz@f meanog) eslloagl ofefar¢nse hﬁ-rhncw zel | s.

Verrory. Cellon L RUEPa D ANt 328 I oPEGANDA Atk LS D R0, MBLeA T e o

set of word-l1nes remal n no nse anp rer 352 may
sense a CHzg{r\gtetesibtsrceulplémtotsheafmm}hyesdéD h1a332 seentedc gropes H 0f 308t arcd327ge to a
cell 334 Readi ng

remory corterbise SRR B DSBS RS o T TR A b P 25
sense- @ﬁphtahhﬁbrsﬁ%eﬁﬁmmrﬁeﬂw Odemory cell groups 315 and 325 may be coupled to the
second word-line of set of word-lines 330 and may remain non-selected. Sense amplifier
352 may sense a charge stored in the memory cell 332 and compare that charge to a
reference bit-line coupled to a non-selected memory cell 334. Reading memory cell 332
may discharge the capacitor of memory cell 332 so sense-amplifier 352 may recharge

25  memory cell 332 by writing back an amplified charge.

[0031] Writing-back a charge may involve sense-amplifier 352 applying a voltage
differential to the signal and reference bit-lines for memory cell 332 substantially
equivalent to the voltage difference between Vp and Vss. The non-selected memory cell
30 334, however, may not store a new charge because non-selected memory cell 334 may not
have sufficient voltage coupled to its word-line to turn on the access transistor of memory
cell 334. In some embodiments, sense-amplifier 352 may be capable of writing-back more

than two different charge levels when the memory cell may store more than one bit of data
10



25 menory cell 332 by witing back an anplified charge. [0031] Wi ting-back
a charge may involve sense-anplifier 352 applying a voltage differential
to the siwypaB/iozwo2 ref erence bit-lines for nmenory cell 332pswhsvameranl |y
equi valent to the voltage difference between VD and Vss. The non-sel ected
menory cell 30 334, however, may not store a new charge because

non- sel ectaa timsndi pdditqn, manverbgdiments mpybecapalle pwviting-kask pegidvedd/or ed t o
its word-ljeB&ivk@ndrbdsn Oon the access transistor of menory cell 334. In sone
enbodi ments, sense-anplifier 352 may be capable of witing-back nore than
two different charge | evels when the nenory cell may store nore than one

bit of datggysl0 WO Qﬁgqu,llaﬁQ.%PE&IéAt@%(s%‘%W@m-NEEs §( i3H§a?éo”an%d9io%9y”’ rany
e o0 wltl ng or

enbodi nent's may be capa -back positiveé "an negat1ve
char ges. [Q0®P}e Verticabivastabeteednankimmente! graenss 163 1oi20; 335nesl B30 Set840, 360

315, 320, Mgt nErAR; 58, {81 GhE v Lt MEIARONIEE o IS 3RRe )
conpri se tonodutEvalayev®f ds¢min@siucior delize sadrihe ventival teisi aze allay eachofordeline

A

set of wordAFhdS ¥
f rom ot herworiines by e sorbyondudiiva-maathlct Foreexamipry isetl of Word-incarg3bemaypet of

word-|ines 330 may 10 conprise a vertical tw b en neno cell groups
320 antt 3 £8MRHE GISTIE! FY rebeoNn e B Lgmed 0 ps LS SREtE Ve Yljer “above
t he conduqine\cBupl@yea @hduche: BRdr aBbvewRE EonldudiBe 18BHof thé set SEGORININOGAL | | ne
couples to a conductive |la bel ow t he conducti ve | ayer of the set of

) er Yy
wor d- | i negdhe SFﬁ%“de?rgt““%‘?Ltﬂ’qu it CAAECYE LYRTPEIRY e cpiuctyedasenatihe gl ed back

to the | akgdrdPhes. e 38 twoRd-1iNOInd stdoR@orBkhd dte bk ESBRdPRK thittRNgyer 4 [ 0033]
In sone enbodi nents, the bit-line coupled to nmenory cells 332 and 342 may

conpri se ahs/ssf of werd-lgps 330 ipshifiednositienpry cel|'s 332 and 342. Further, the
bit-1i L}e coupled to nmenory cell 344 nay be at a different conductive |ayer
than the bit-line coupled to nenory cell 342 at menory cell 342. For
exanpl e, d0033nory bejome3gmhodinmats2 hediitlinei qpapled tpmettoryocelte 382 ynd d42 332 may

ohi 1 bet VESc Y S ek fa! S beRtert REMDRRIN 3o B A Z0R el He B¥E T ed to
menory celdospldB8® armthodd2elaB44remyrhe ated ldifBadt mayduodvel bpat heh ithe bit-tiscond
coupled to memory cell 342 at memory cell 342. For example, at memory cell 332, the
20  bit-line coupled to memory cell 332 may be on a first conductive layer of the memory
array and after a vertical shift between memory cell 332 and memory cell 342, the bit-line
coupled to memory cells 332 and 342 at memory cell 342 may be located in a second
conductive layer. The bit-line coupled to memory cells 333 and 344 may be located in the
first conductive layer at memory cell 344, comprise a vertical shift, such as where the bit-
25  line shifts from metal layer one to metal layer three or vice versa, between memory cell

344 and memory cell 333, and be located in a second conductive layer at memory cell 333.

[0034] Referring now to Fig. 4, there is shown a flow chart of embodiments to
access multiple word-line memory. The flow chart comprises applying a first voltage to a
30  first word-line to maintain a substantially non-conductive barrier between a charge storage
element of a non-selected memory cell of a row of memory cells and a first bit-line
coupled to the non-selected memory cell 400, applying a second voltage to a second word-

line to provide a substantially conductive path between a charge storage element of a
11



conductive layer. The bit-line coupled to nenory cells 333 and 344 may be
| ocated in the first conductive |ayer at nenory cell 344, conprise a
vertical wbioBi2168zuch as where the bit 25 |ine shifts frompPogtsh2/t@myer one
to metal layer three or vice versa, between nenory cell 344 and nenory
cell 333, and be located in a second conductive |ayer at nenory cell 333.
[0034] Refssleetedgenow ¢eb oEithy, row and gepcend bitdine i), sompasing etewel ofharesiobdi ment s

to accesspdHkst bithife WEQ]éJeP@fJEE@QBYthe-E%na bR{nE B3y, fan&gﬂpg lr?geévflfagéy' ng a

first voltage to a 30 first word-lTine to nmaintain a su nt1 al
non- conducselegted baespoase thsridsemnparing H49-garrying adiest veltagentana fixst Wardri!mi@el ected

menory Celrl1 df?tfamaa rs%aﬂ{ lee%réén&:\f\c:[ L/é bgrpigr get&EJnsﬁ cp% ,{; Ltloﬁge eféﬂ'}ém &da to the

non- sel ected nenor ylng a second vo 0 a second word-
li ne tJ& prionisdiected Blgmgtyamtlwéh Ir<yw gﬁndn@mcvl@ amdtatﬁrtiévutvlﬂe oepleshtartiipenost or age

el ement of P S 467 electe | cOf the
row and a Sse%(c:tgcr}]}i" e@ﬁr??élﬁé&(ﬁ%y ag%ﬁ%gla?oﬁ{%ée go ?éat% of O?'g gmn?ma Sm%?%]gff irst
bit-1ine wnérorg elemmats dffhecthlasigasmrﬁaytdcelimmiwdemat-mammm%é)phagadmahe putting

a voltage selec nse to afirst

vol tage td 4" ?r?'rgg %ﬂn tﬁ‘ggaqsgtor r‘rsa(i)stﬁ g ‘% %sat%a gé%%g B¥&uct i ve
barrier betorekin the mhabg&laﬁm&gaecoeieafmmhg oit- hae E/hé}otnesxehmmedomewméry cell of
a row of MepDL Y C Pd a f|r t.bit-line (ioup ed.to }’he nop- sel ected
menor y'%celd "4HE rr'ﬁfe%{b"g Sy SAnS, G Oéjﬁge“[t%mﬁy gRR'E ad¥EiNE Y9HagrdPdhs PURSf st ors of
nmenory el emarsélactea h%niof')a&ﬂlss\iuﬂlﬁrﬁa Ry ORE barlki mgsméﬁétesotﬂaaemammm& n the
charge in the when the fransi s} is off and that provide

an el ect r iRl aﬂawrfla?voz;tawﬂw Vb Bigh FrewtelpgesishAsdrenent to a
corresponding bit-line when the transistor is on. Wien 10 a hard off is

desirabl e, sone enbodi nents _may apply a negative voltage to the gate of
non- sel ectl8BSkeror y Anpiing %\ﬁ*tShYQ*Faﬁ RafB¥tyVordiline tanainjaig @ sukssatallymoner

embodi e “tc%ﬁd&éﬂpé Yarfier t?e\f‘évié'nr Céi'nh o SRR IRnRHCEr ARonVecR n?e{JHer@elbe guit

vol tage such as VD. ing a first votagetoa word-line to
mRi ntai n @owwhsteaery @ﬂlllsyndn@ﬁrst b.l&llowrdmbﬁ|twéwemanf¢leqtedoe@mnelé4%ramge

storage e!ct%[I,l‘BHEe %ﬁecﬂn&é}g\g-vﬁogh-%ﬁé @&gr@%rté{e §<§J Leie@ed %en{&%a 48@%@&&’ of€l I's and

a first bi I ne cou n-sel ed nenor conpri se
sel ect i ng wdré-linex cbupledeo deupived rmamdrheelhelmsélemtﬁredhmm ynecwlubled tom a set

vvor dwlolr gel gﬁ%’l'ge {)8 mefl}tﬁ)%' %h]efmé]g%végtoggogrfgﬁ%F ggulgiaelﬁlto 5e r%?e %é%log'gc g/\{)‘r d-1ines
coupl egh t Gl06 eayrselectal woredine youpiddlts th2Gow @5 memyryseelletitthabankiticht komgriseoupl ed to

the row of errgerlreq:ge){j ngeen|1c|>r§ célf| E\pp ylgga Q&oftabg%tto rggécjnae\)vsord-line may attenuate any

leakage that may be caused by applying a voltage to the reference bit-line during the write-

back phase of evaluating the selected memory cell. For example, when memory cells

comprise a transistor as an access element and a capacitor as a storage element, such as

25  DRAM, sensing the selected memory cell may comprise sensing all the memory cells in

the same group as the selected memory cell or coupled to the same word-line of the set of

word-lines as the selected memory cell. The capacitor of each memory cell discharges

substantially all of the charge stored in the corresponding memory elements so the charge

may be restored during a write-back phase. The write-back phase may apply a charge

30 differential between the reference bit-line and the signal bit-line to restore the charge. The

charge applied to the reference bit-line, a bit-line coupled to a non-selected memory cell,

may cause the non-selected memory cell to leak charge when the memory cell is not

turned off effectively.
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determining the bit-lines associated with the group, a voltage may also be applied to the

bit-line to enable the memory cells to be sensed.

[0038] Some embodiments apply a pre-charge to the bit-lines coupled to the group,
25 as well as the reference bit-lines. For instance, some embodiments store approximately a
positive or negative Vp/2 to indicate a high or low bit so the signal bit-lines may be pre-
charged to approximately Vp/2 to combine with the charge in a memory element, pulling
up the signal bit-line to approximately Vp or pulling down the signal bit-line to
approximately Vgs. The resulting charge on the signal bit-line may not be exactly Vp or
30 Vsg because of several factors such as charge leakage from the memory element,
tolerances in the writing circuitry, tolerances in a voltage limiter for the circuitry, current-

resistance (IR) losses, and so on. Thus, comparing a level of charge of the first bit-line
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lines way be insignificant or indiscernible. Thus, after a charge is

corbi ned w (54%]t he pbgtergrrblﬁlrn § heﬂler er charge on the signal bit-line is higher or lower
than the charge on the reference bit-line may be affected by noise such as capacitive
coupling between signal bit-lines. When physically adjacent memory cells of a group of
memory cells are being sensed, a signal bit-line may be pulled up or pulled down by

25  neighboring bit-lines so many embodiments increase the distance between bit-lines and do
this without using additional semiconductor area. Some of these embodiments may
increase the distance between neighboring bit-lines by placing adjacent bit-lines in
different conductive layers. For instance, a selected memory cell may be coupled to a bit-
line in a first conductive layer such as metal layer one and the neighboring memory cell

30 may be coupled to a bit-line in a second conductive layer such as metal layer three.

[0041] Comparing a charge from the charge storage element of the selected

memory cell combined with a pre-charge on the second bit-line against a pre-charge on the
14



signal bit-line, the sensing circuitry, such as a sense anplifier, may
determ ne whether the <charge on the signal bit-line is higher or |ower
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20  from the selected memory cell to the bit-line of the selected memory cell. Refreshing the

selected memory cell may also comprise applying the negative of the amplified voltage
differential on a bit-line of a non-selected cell. Applying the negative of the amplified
voltage differential on a bit-line of a non-selected cell may apply a voltage opposite of that
used to refresh the selected memory cell to a reference bit-line coupled to a non-selected

25  memory cell.

[0043] After amplifying the difference between the charge on the signal bit-line
and the charge on the reference bit-line, an embodiment may comprise outputting a
voltage selected in response to said comparing 440. Outputting a voltage selected in
30  response to said comparing 440 may couple the amplified voltage, e.g. Vp or Vss, to an
output circuit to provide the signal as data to an external circuit. Many embodiments
comprise a buffer or register to store the data while sensing additional memory cells. In

some embodiments, outputting a voltage selected in response to said comparing 440 may
15



been sensed. In many enbodi nents, after the nmenory cell is sensed the
charge stored in the capacitor of the nenory cell may be substantially
depl et ed wo isetreeshi ng the sel ected nenory cell nay nai nPairusohziens nary
information in the selected nenory cell. Refreshing the selected nmenory
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20  present invention can comprise more than one machine-readable medium depending on

the design of the machine.

[0046] The machine-readable medium 500 may comprise instructions for applying
a first voltage to a first word-line to maintain a substantially non-conductive barrier
25  between a charge storage element of a non-selected memory cell of a row of memory cells
and a first bit-line coupled to the non-selected memory cell 510, applying a second voltage
to a second word-line to provide a substantially conductive path between a charge storage
element of a selected memory cell of the row and a second bit-line 520, comparing a level
of charge of the first bit-line with a level of charge of the second bit-line 540, and
30  outputting a voltage selected in response to said comparing 560. Applying a first voltage
to a first word-line to maintain a substantially non-conductive barrier between a charge
storage element of a non-selected memory cell of a row of memory cells and a first bit-line

coupled to the non-selected memory cell 510 may comprise instructions for selecting a
16



15 conputer), that when executed by the machine, can performthe functions
descri bed herein. For exanple, a machine-readabl e nmedi um may incl ude read
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medi a; optical storage nedia; flash nenory devices; electrical, optical,
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20  Further, the bit-lines coupled to the group(s) comprising the selected memory cell(s) may
be pre-charged via sense amplifiers to enable access transistors and to reduce the current

expended by the memory array during evaluation of the selected memory cell(s).

[0048] Comparing a level of charge of the first bit-line with a level of charge of the
25 second bit-line 540 may comprise instructions for channeling the voltage of the signal bit-
line coupled to the selected memory cell and the reference bit-line coupled to the non-
selected memory cell to a comparator circuit in a sense amplifier. The comparator circuit
may be instructed to compare the difference in charge associated with the two bit-lines and
to select a voltage to represent the data stored in the selected memory cell. In some
30 embodiments, instructions for comparing or to operate the comparator circuit may
comprise instructions for delaying selection of a voltage until a threshold charge
difference is realized or for operating hysteresis circuitry to select the voltage. For

example, the comparator circuit may first compare the difference between the pre-charge
17
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conpar at orgedo] CUL LY, L § QBRAkS thBoflk id RICRRRRRIIRRIL-AERAE- char ge
e o5/ 9G4 S U L TRk Sclcchihe § YBRAE i relPofe tb EibaRtinl B erl

pre- char gén@'ncotnméisg ingtyagtions for|writimg- b&“v‘f therselaeted voltagouse the Slebgfsé@lehwrx he
f t- ;
reference fjj! Wr{?ﬁﬁ%& Elﬁ se?écE:@avoltﬁ%é 1 'tﬂl:eselc?c;?ed"‘ﬁl%hqo@'ﬁcaph%ﬁ ‘{Oh@p%ee i pheral

capaci tive  cou array or SwWt
circuitry malgucmxalasfer tltwgmgjﬂfef Eteemendnmrméh wiithethe isgjeradd mltaget i Mesesel t he

ref erence b| line to svm betvveen 0|t| gative o indicate
fal se dat & pi\]f o, /1T Jal &lm\%ts’pa %he se\f%%teﬁevr?gta%,e %l%e S rﬁnalof;lt éne Si gnal

bit-1ine isupled nmle saea:ds&amgeo@fcetl ke th\f&ﬂﬂ@ﬂgy deskleagat fromyhedelredey neowby ne wit h
the pre-cha on the_ si until sufficient charge fromthe
orony. el G fTeb sed B RaEr Y AR YR A Toro e SRS BRPURRRY t he
conmpar at orforMyltingebeRk I s2RRa@ilghge dial omprivepplying aRacone volldrel RhRtides t he
instructions for delay |nlg or for operating the

the negative of the selected voltage, to the referénce bit-line coupled to a non-selected

memory cell.

[0050] Several embodiments comprise instructions for outputting a voltage
25  selected in response to said comparing 560. Outputting a voltage selected in response to
said comparing 560 may comprise instructions to provide a conductive path from one or
more sense amplifiers coupled to selected memory cell(s) to one or more outputs or output
buffer(s). Output buffers or registers may facilitate burst reads, allowing data from
multiple reads to be forwarded to a requesting device, such as the core of a processor or a
30  peripheral device, within one or more transactions. In some embodiments, instructions to
operate the buffers or registers may further facilitate transactions over a bus that may

operate at a clock speed that is slower than the clock speed used to access the memory
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10 hysteresis circuitry may prevent the selection of a voltage until a
sufficient charge differential is sensed. [0049] After selecting a voltage
in resporse oBo2tehe conpari son, the enbodi ment nay conpri PETIUSSL/246C3 | ONS
for witing-back the selected voltage to the selected nenory 15 cel
Witing-back the selected voltage to the selected menory cell may conprlse
i nstruct i owels drdecilithtgrighsagtions evibal reqiestingidevios thaioedy opsiatdat i déffesent eloeled

vol t age. s, may apply the sel ected
vol t age topeﬁg&gvhéap&t%%&pﬁﬁganggg%h@§E98L rlEselected menory cell so the
charge di scharged fron1the selected nmenory cell is replaced with a

subst anti equi v har |nstruct|o 20 for
Writing- bjé{’(éi he se nezg Linafi l?gddlmgnt§ 9W1n§tm?9ns”%r dela%mg or goercg 3p§%| t age,
sonet i mes hyttb&snleg‘ahtrymagftrlggte aseuluqmt enmbuwcdub}agm 1rtstru¢tioes feefoompmiog Hit-1i ne

nstruct O PORPGR Shd T At RO rLge® 198" SLAIFSH 11 FEORoREIN 6'%ard.

conpari ng ofriseinspruétionfn g ditpuothc 3glectaidragiptifled vwltagsponse to sai d conpari ng
560 may conprise instructions to provide a conductive path from one or

nore sense anplifiers coupled to selected nenory cell(s) to one or nore

out puts or output buffer(s). Qutput buffers or registers nay facilitate
burst reads, allowing data from nultiple reads to be forwarded to a
requesting device, such as the core of a processor or a 30 peripheral
device, within one or nore transactions. In sone enbodi nents, instructions
to operate the buffers or registers may further facilitate transactions
over a bus that nay operate at a clock speed that is slower than the cl ock
speed used to access the nenory 18 WD 03/021602 PCT/ US02/ 24673 cells or
facilitate transactions with a requesting device that nay operate at a
different clock speed than the clock speed used to access the nenory
cells. [0051] In alternative enbodinents, the instructions for delaying or
for operating 5 hysteresis circuitry may trigger an output circuit such
that instructions for conparing a |evel of charge of the first bit-line
with a |l evel of charge of the second bit-line 540 conprises instructions
to output the selected or anplified voltage. 19 WO 03/ 021602 PCT/ US02/ 24673
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CLAIMS What is clainmed is: 5 1. An apparatus, conprising: a row of nenory

cells conprising a first nenory cell and a second nenory cell; a set of
wor d- | i newomeupieerl t o said row and conprising a word-I|inePCo/tset/ar3 the
first nmenory cell independently fromthe second nenory cell; 10 and

circuitry to sense a difference between a signal on a first bit-line in
response to a charge fromthe first nenory cell and a reference on a
second bi tCILAIMS coupl ed to the second nenory cell. 2. The apparatus of
claim1l1, wherein said row conprises adjacent nenory cells 15 coupled to
bit-1ines %ﬂmﬁé&gﬁ{ Al conductive layers. 3. The apparatus of claim 2,
wherein the a acen nenory cells conprises a nenory cell coupled to a
bit-line in a thlrd nmet al Iayer adj acent to a nenory cell coupled to a
b|t-||qp |n a first npta %er 4. The apparatus of claim1l1l, wherein said
row corfprises ﬁ%?@pyﬁgﬁCSWQH U$iamic 20 random access nermory cell. 5. The
appar atus of cl ai m 4,rowheff siemosatdlsr @mpeioipra Siess ntenicdyv coll and Akdcayd of
menory cells wherein each row couples to an i ndependent set of word-1lines
and each colum couple§“?8m§ﬁeﬁndependent bit-line. 6. The apparatus of
claim1, wherein sai detsewomﬂmwe@plddm@&ld:@mmd&eﬁpﬁsuﬁgiat@hrdqfnetw\wec%
feature size. 20 WO 03/021602 PCT/US 467 7. Th atus of claiml,
wherein said set of word'fi FFéé“CEH%? pe’éelnbf §fp CPF%@eE'BD'p‘Tegd to two
groupsjeof four nmenory celnlds and one group of eight nennry cells; and a
second word-line coupled to two groups of eight nmenory cells separated 5
by the one group of SERUYRt tseAsE 2 ééﬁ"ér%ce ﬂ?etW?Fﬂe agpigal Anyg Tt Rik-bngmin
wherein said set of wordeljoRi&so aRAREd £EA therstMdbr t&lPand a reference on a

second bit-line coupled to the second memory cell.

2. The apparatus of claim 1, wherein said row comprises adjacent memory cells
15 coupled to bit-lines in different conductive layers.
3. The apparatus of claim 2, wherein the adjacent memory cells comprises a memory

cell coupled to a bit-line in a third metal layer adjacent to a memory cell coupled to

a bit-line in a first metal layer.

4, The apparatus of claim 1, wherein said row comprises more than one dynamic
20 random access memory cell.
5. The apparatus of claim 1, wherein said row comprises a row of an array of memory

cells wherein each row couples to an independent set of word-lines and each

column couples to an independent bit-line.

6. The apparatus of claim 1, wherein said set of word-lines comprises a pitch of two

25 feature size.
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separated froma second word-line by a substantially non-conductive |ayer.
9. The apparatus of claim 1, wherein said set of word-lines conprises a
wor d- | i neworda2ienet al | ayer. 10 10. The apparatus of cl ai mCI/uSetiatees n sai d
set of word-lines conprises a vertical twi st between the first nenory cell
and the second nenory cell. 11. The apparatus of claim1l, wherein said
circuitry conprises a sense anplifier to conpare a pre-charge conbi ned
with the charge on the first bit-]ine against pre- charge on the second
bit-line. 15 12.Therepraggpseistain 10‘I’Vh‘?fF‘5is?1‘8i‘?t Oah’@%é‘i”}‘?s CYPRISES rcuitry conpri ses
circuitry to eval uat g fir@ WNoAEBRYS cINBRB f/tweSrbups 60fbRE REMbY ckiandRhé gloupe
substantially simultaneous|ly. 13. The apparatus of claim 1, wherein said
circuitry conprises senseCtiigtremenscelys8dt i oned quarter pitch. 14. A

net hod, conprising: 2Q.aRAWskdAnecdubledto MR $ra@R Jf Cight hbmhsrly M dphafeg t O

mai ntain a substantially non- conductive barrier between & charge storage
el ement df a non- sel ect el Hherde grovref cight mgmpgigels nmemory cells and a first
bit-line coupled to the non-selected nenory cell; 21 WO 03/021602

PCT/ US02/ 24673 applying a second voltage to a second word-line to provide
a |SUbSt gnt ially mrulé}dmt?ye{] @ﬁihi’l1,bﬂie‘é@n@@ai@sélhygwg)ﬁi-ﬁl?@rca@@ri@g@fm?drdmfnea

sel ecte menory ce the row a second bjit-line; and conparing a
level of charge SSRarRUFAL TP Scopy ord- s i% piosiantighppongondychivey Byt the 5
second bit-line. 15. The nethod of claim 14, further conprising outputting
a voltage selected in response to said conmparing. 16. The nethod of claim
14, wher ei n9.sai diteppparatngofaldimrisvhareihtsaid setob woprd-l$res canprised a word-lineén a

wor d-1i ne coupl ed tl t he non-sel ected nenory cell froma set of word-I|ines
10 coupl ed to tHBet?’gweﬁf nenory cells. 17. The nethod of claim 14, wherein
said applying a second voltage conprises: selecting a set of word-1|ines

coupled to the row, and
10 10.  The apparatus of claim 1, wherein said set of word-lines comprises a vertical twist

between the first memory cell and the second memory cell.

11.  The apparatus of claim 1, wherein said circuitry comprises a sense amplifier to
compare a pre-charge combined with the charge on the first bit-line against a pre-

charge on the second bit-line.

15 12.  The apparatus of claim 1, wherein said circuitry comprises circuitry to evaluate

adjacent memory cells coupled to the word-line substantially simultaneously.

13.  The apparatus of claim 1, wherein said circuitry comprises sense amplifiers

positioned quarter pitch.

14, A method, comprising:
20 applying a first voltage to a first word-line to maintain a substantially non-
conductive barrier between a charge storage element of a non-
selected memory cell of a row of memory cells and a first bit-line

coupled to the non-selected memory cell;

21



selecting the second word-line fromthe set of word-lines. 18. The net hod
of claim 14, wherein said conparing conprises conparing a charge 15 from

t he char gwogBoemoe el enrent of the sel ected nenory cell combirnsd2/aierh a pre-
charge on the second bit-line against a pre-charge on the first bit-1line.
19. The nmethod of claim 18, wherein said conparing conprises witing-back a
voltage to the secomplyiegsagoedyqltass toapiseeidpord-lipeiie Bguide @ spbstantiaiond
bit-line and a corr espo%h&gzti\{é)lpstﬁ%t»@&ntahgha;ger §tbrafd tlrembfi€of ZQelectél 20. A
system conprising: a core; and a menory device conprising a row of nenory
cell's conprising a first menoyyeltefthe wicnd asecopdbit-lingsepdy cel | ; 22 WO
03/021602 PCT/ US02/ ?é%?;fﬁgngg &L &fcnye@# gf th ﬂ1%§bip-ﬁﬁbo\k'ﬁfg? ‘e_Qeltch %hd’ré\%"bﬁﬁ@

conprising a word-lin l'ect t irst nenory cell independently from
the second nenory cell; seehdditrlggi try to output a difference between a
signal on a first bit-line in 5 response to a charge fromthe first nenory
cell and a reference on a second bit-line coupled to the second nenory

cell. 21. The syst gl of biginM 2 Qurtherednpeising 0piittiAg £19sItage FBGRAYN cont rol | er
coupled to the nenory device; and 10 static random access nenory coupled to

the menory cont resppuse tasfif qO2rifgenpry device to store frequently accessed
data. 22. The system of claim 20, wherein the row conprises adjacent nenory
cells coupled to bit-lines in different conductive |ayers. 23. The system

of cl ai m 206, Wwhameinfetioll ®f i 4] wiherincsaidapplying adsstdyiteeicompiieesdectit menory
and the set of word-1lines c?nprises a pitch of tgggfeat r skfﬁ¢$24. The
i

system of cl ai mBOVOrdHEE &PypladHa theinopseledsd YRYY CELLOm 3Lt &y ers

10 coupled to the row of memory cells.

17.  The method of claim 14, wherein said applying a second voltage comprises:
selecting a set of word-lines coupled to the row; and

selecting the second word-line from the set of word-lines.

18.  The method of claim 14, wherein said comparing comprises comparing a charge
15 from the charge storage element of the selected memory cell combined with a pre-

charge on the second bit-line against a pre-charge on the first bit-line.

19.  The method of claim 18, wherein said comparing comprises writing-back a voltage
to the second memory cell by applying a voltage to the second bit-line and a

corresponding voltage to the first bit-line.
20

20 20. A system, comprising:
a core; and
a memory device comprising
a row of memory cells comprising a first memory cell and a second

memory cell;
22



positioned quarter pitch. 25. A system conprising: a bank of dynam c
random access nenory cells arranged in colums and 20 rows conprising a
row havi yoioageendent |y sel ectabl e groups of nenory cel | CTASd22873et  of
word-1lines coupled to the row conprising a word-line for each

i ndependently sel ectabl e group; and a sense anplifier coupled tgdhr?ee row to

sense an i ndependent|y 25sesel werddiles copipd o discrowang semarisipg & 26

corresponding to a charge of DROOMY 681 meRory 611 1iRaBRRIRAGN tiom SKd ect abl e
group: | 23 WO 03/ 021602 PCT/ UKD Rarhe it md t°P§/ €11 iRdgpRra) o bank; and

circuitry coupled to said ban!&eqood mempiyeogh:; Q!lé_ta fromthe menmory cell. 26.
The system of claim 25, ii%]f}ifrg@o &gl uth QG TR hEREe AALAFEAL HEBRINe &l | S

coupled to bit-lines in rent” conductive layers 5 27. The system of
claim 25, wherein the sense ampborseetr ©ohggé S dier st mreynary cglbrpsd a t he

nenory cell by comparing a | eygl.ofe &HALASAR. e S o Welseldneitp! ed to

the 1independently sel ectable group arge on a bit-1line

coupled to a second independeeli.l y sel ectabl e group. 28. A machi ne-readabl e
medi um cont ai ni ng i nstructions, which when executed by a 10 nachi ne, cause
said machine to perform operations, conprising: applying a first voltage to

a first vvorﬂ-l [ %egﬁtmmﬁggﬁﬁ%}%ﬁ%giﬁé:l y non- conductive barrier

bet ween a charge storage e a non- selected nmenory cell of a row of
nenory cells and a f&msmohionirpligs couptrdpp &g megnorhdevissnanglel ect ed nenory cel | ;

15 appl ¥d ng a secondyol [.ag&, ta%:@s fRESAA Rt ItRe mefoRr QBferdand the

substantially conductive path between a charge storagée elenent of a
selected nenory cell of méreonydevientd storskeyaeirceessadideta. and conparing a
| evel of charge of the first bit-line with a | evel of charge of the

22.  The system of claim 20, wherein the row comprises adjacent memory cells coupled

to bit-lines in different conductive layers.

23.  The system of claim 20, wherein the memory device comprises dynamic access

15 memory and the set of word-lines comprises a pitch of two feature size.

24,  The system of claim 20, wherein the circuitry comprises sense amplifiers

positioned quarter pitch.

25. A system, comprising:
a bank of dynamic random access memory cells arranged in columns and
20 rows comprising
a row having independently selectable groups of memory cells; and
a set of word-lines coupled to the row comprising a word-line for
each independently selectable group; and
a sense amplifier coupled to the row to sense an independently
25 selectable group and output a voltage corresponding to a
charge of a memory cell of the independently selectable

group;
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second bit-Iline.
coupl ed twotohe2r02v, and

conparing conprises

the first bit

26.
5 27
28.
10
15
20 29
30.
25

-line. aﬁ:uitry coupled to said bank to retrieve data from the memory cell.

The system of claim 25, wherein the row comprises adjacent memory cells coupled

to bit-lines in different conductive layers

The system of claim 25, wherein the sense amplifier comprises circuitry to sense
the memory cell by comparing a level of charge on a signal bit-line coupled to the
independently selectable group with a level of charge on a bit-line coupled to a
second independently selectable group.
A machine-readable medium containing instructions, which when executed by a
machine, cause said machine to perform operations, comprising:
applying a first voltage to a first word-line to maintain a substantially non-
conductive barrier between a charge storage element of a non-
selected memory cell of a row of memory cells and a first bit-line
coupled to the non-selected memory cell;
applying a second voltage to a second word-line to provide a substantially
conductive path between a charge storage element of a selected
memory cell of the row and a second bit-line; and
comparing a level of charge of the first bit-line with a level of charge of the

second bit-line.

The machine-readable medium of claim 28, wherein said applying a second
voltage comprises:
selecting a set of word-lines coupled to the row; and

selecting the second word-line from the set of word-lines.

The machine-readable medium of claim 28, wherein said comparing comprises
writing-back a voltage to the second memory cell by applying a voltage to the

second bit-line and a corresponding voltage to the first bit-line.

24

( _ 20 29. The machi ne-readabl e nmedi um of claim 28, wherein
sai d applying a second voltage conprises: selecting a set of word-I|ines
( sel ecting the second word-1ine frramusSos2ees of
wor d-1ines. 30. The machi ne-readabl e nedi um of claim 28, wherein said

_ 25 witing-back a voltage to the second nenory cel
appl ying a vol t age tdrcuitey to sefsetngichbankjande and a correspondi ng voltage to

by



