‘WO 03/021602 08/ 02/ 2006 PCT/US02/ 24673 MJILTI PLE WORD- LI NE ACCESSI NG AND
ACCESSCR FI ELD OF I NVENTION 5 [ 00011 The present invention is in tHBA01212D06
of mermory deé¥PEe¥VHF@hitecture. More particularly, the presentcpyRpiéan
provi des a met hod, apparatus, system and nmachi ne- readable nediumto use a
set of word-lines to access a row of menory cells. 10 BACKGROUND [ 00021 A
moder n dynami ¢ r andorMELOUBEEMOR-LIPRA CHESING AR®) ACcPEssBR™Or Y 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
deactivat ed BIELD @BHIEHVENTEOAS coupled to the base of the transistor. The
‘menory cell can store binary infornmation as a charge on the capacitor and
t he charge can be sensed by a sense anplifier conparing a bit- |ine acting
as a signal foeH! i ne gRE paesbit rence bit-line

‘binary inf otrnrratll on may be %ﬁ?‘lgggﬁxt ggﬁ E@q-peg%?ﬁérg&g O%V'gﬁﬁfc}‘%""(’?/DM%%)/ 2
vol t s~ acr ossPAHf¥larlygivsoiressat inersionisironddesi @ methopy eppetaarsgeysen, aanbi thadhinge Of
p05|t|ve(VDe§6§ / ol.tage.re resetlng one binary
bit and Vss is gklnﬁdvluﬁgqgég@?lggrggﬁﬁEgt‘gpccgsgéé%naf Sgﬁ’é’r%‘i bit. f00031
Based on the spatial location of reference bit-lines to signal bit-lines,
DRAM ar r gy (%éﬁ%]s may be divided into at | east two architectures:

fol ded bit-ITne open bit-line. Both the folded bit-line architecture
and the open bit-line architecture have advantages and di sadvant ages. The
fol ded bit-I4 archifecture rise menory cells on a given

wor d-1i ne, %dgg led td e’OS‘?'mf%P’Cbﬁanw fECesd Mgy (DRAM) imeasorarcell @roupl ed
a_frenory celemandbiatcen#RpasRteesiEo PRV  ipasicH e tpdnEisfo'r B%ﬁat@' ad a[e{] 1 T
bit-lines An ad%antaeo this archltecturels th ace e signal

bit-line an8PEFENE ARRECHPTand thesbighing sndcsapde apﬂ@kﬁdmrtdyadtmtcgdwd \mﬁdhnbng at
t he expensecdupied tb edRke of B Srapfi@bd. el 3

Consequent |y, the fol ded bit-line archi Tgﬁéllﬁ%ﬁﬁ%nsmgklbé%%f'éoﬁat'BP 2 Ri ne

coupl i ng, r‘é’@[ﬂeﬂ“ﬁb" Gapagitor e tbpgmgc o basersed byod sepseampliffte coapameargli fiers

- b t t tch wh | t t

ggz see aﬂ;al fipﬁ:garcgﬁ Gt ¥ Sié?lggg#eglhc talﬂ%%&_}lo t&za%ggé asa r ercncee it-line. The blr?arr)l;] ae

:nformatlon may be represented by positive or negative (Vp-Vss)2 volts across the

capacitor to combine with a pre-charge on a bit-line of positive (Vp-Vgs)/2, where Vpisa

20 high voltage representing one binary bit and Vss 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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|

08/ 02/ 2006 PCT/ US02/ 24673 either side of a rrermry ‘bank. A di sadvant age
"however, is that separating active bit-lines by reference bit-1li n88/83r2006
cause t he c¥@gBBia0zapaci t ance bet ween adj acent bit-Ilines topbﬁngoz,h@{;ge
fraction of overall capacitance of a bit-line. In particular, when t

“signal bit-lines on either side of a reference bit-line read one or zero

the vol t age S¥fcT e ¢f@rraprapny dai. tA Idlsn@aﬁtagn\hewevan ia tHat kem:dt:ﬁ@@dtiveanamds t he
vol tage di f fignemtdnad bik8hL Ilne a%the ref rence Ilne
may be reducbZJ A reduce a?’ge;fehgg&f%i Sapacigne wc‘?i’cardéaég‘?é itslings

(RC) del ay. T"@‘E)ffé‘}tloﬂrpfwnltaﬂazsnacttmcb loéaﬁml-lded Iblphmlchlﬁheuaukﬁhietﬁﬁ-fa%:‘é‘-lméshe
open bit-1ing.a essatl II separ at ed S|gnal and
reference bit-| Fﬁgg&% ;dt:ﬁg fetngttoif'ggn fe P'ée @T Olipge onde, slerepE bifrline| | nes
are adj aéenmoviowew dike divettioniand tho iveieagk rdams;aﬁa(btﬁaleyrﬁa GBI bilGind'BYg (e hi gh

and bit-lin i ne noi fr gap citive coupling may contribute to
the overal f%]rg?c\s@%“dlbnaer yc'fﬁ’? dw%é'ﬁ Yope veffage diffeeential mpeingrepssgeaseyalesi gnal

bit-1ine dufR@glelanplification and write-back. More inportantly, during the
write-back phase, when 15 placing the charge back on the nenory cell, the
sense amplifier, driving a full swng signal into the cell, may cause the

adj acent si [g0ed] bi t - lth RenteRCko RS RIIEAH:- mctanl:ﬂlﬁetu&: th%"ggglg bh-’i’mc?&%ﬁn éscltuﬁ{g

dlrectlons For, exanpl e, when all signal bi rnes re out
ref er ent® biOPrises §padaliy separied dranvlewdhqe@ncm bitrlipes, Haciliiinga bmrk cﬁrhﬁﬁbe

Then, the r&ileSﬁﬂgﬁwm tt-rrlck Q@%uﬁ@é}lt Houlgvé}ebl? Vconotlfleané&apﬁ%:ﬁ*s%,\gguggéigl ,g,fffnoz he

non- sel ected menory bank S, si ng the nbn
non- sel ect d hgherd) bisdink 3o vord inaveaisé Yroactapucitiercoupheg magtdongiboRtoIRE €Ct ed

menory cel | [ and .t h xtent of .the drai nage may depend
upon t he seo\?gr%?tn’;/&’%f th gcn(%(r:)lg oty tthﬁf El’ic ESPHATAY @\Iacﬁ‘g’@é’ ibRAANEEE 25 30
(0005) | n Ehwlificatonpadyivrig- hiclavm Mgﬁz mhpdfﬁntﬂ}efdﬂiﬁQQﬁ§ thc’kdbﬁa%é ewhédn | ar

el enent, Fi.qure rocessor conprising embedde
mul ti pl g , iy |IHJé Erggrf)&’f}ia% c'BG‘BP@'dceﬁloq@ 1FOF% P'BP'éﬂe\f\;oﬁ’fdiUFE aefthsmwing via a

bus. Figur elgﬁa!dﬁpItiﬁ@l!ﬁﬂaﬁéﬁﬁ%ﬁ%ﬂj&céﬂf snPi\HlBlt—FP’lng a?{@feﬁ:rédcgﬁlt rl?jugg;ié%vm% figure 3

depicts an_enbodijyent of nultiple-word-T'ine nenory. Figure

flonchart BPPOsHHBERCHRRS: For sxem%wenﬁll sigphleitolines rdaﬁ fet 2¢entireyreference bit-

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




2 WD 03/021602 08/02/2006 PCT/ US02/ 24673 Figure 5 depicts a
“machi ne-readabl e nmedi um conprising instructions to access

E

08/02/2006

nul ti pl e- woWV@-B{0A&0%enory. Figure 6a depicts an enbodi ment of¢ @I@y,iJ%%t al
shift. Figure 6b depl cts an enbodi nent” of a vertical tw st. DETAILED

DESCRI PTI ON ,OF E gENTS (0006) The following is a detail ed descri ption
of exanpl e enNEBEP ment SERIFLS h@achin-esadabn nateijine toochpiising HEstAGEEHIPRN MEdRG:

drawi ngs. The exanpl enﬁﬂ*ﬁ%@f‘é“ﬁrﬁ: rr'F"oh' n such to detail as to clearly
conmuni cat e the i nvention. However, e anount of detail offered is not

i nt ended t o FIguHs 62 ¢ heded’t*ﬁﬁ@%’&h@dﬂm&ofalnorm&aicsﬁufenbodl ments. The variations

~of  enbodi Mgpluse &Nt Cch esent |nvent|on are too nunerous to
kv R crlodl BF LR

di scuss individually $ons bel ow are designed to
make such enbodi ments obvious to a person of ordinary skill in the art. 15

(0007) Ref ebﬁTQ@L@ﬁ‘ﬁés%d:b[ors} hgwn an apparatus conprising a
processor 100 hav 5 ' coupled to an external nenory

via bus 150. Processor 100 conprises a core 1 10, a nenory controller 120,

a static ra@g@gpacces&c rm.ré.gSRA .) ,130, and a nmultiple-word-1ine
dynani ¢ random-access nenbry 2d d dessriptrene of exrmenie embadimensyoftige
coupl ed to invtionkepigke inwe dedomipenyRipAlad

cont rol i réGOl The I tipl e-wor d fine DR%?\/I Tﬁ/@e)aHglejeﬁ%oﬂir}%g[eE%éc PySYUaIé
number Of RO tﬁéfe Y F?f“'&”%'ﬁﬁF Fhedfl‘éﬁmo'lﬁoﬂommmheamom ofrdataﬂybftemldhs may

conpri se f it ifedded’ ® Hinke A
mul tipl e-word |I i ne DRAMhltgé%n@?/rap%Sﬁpq%’%tgb%i 4 é‘m% df"écm%S [hﬁo%/)aé)a“q'}?e"ﬁenm ty

{of) mul ti pl EMRet inenisn antiyiptad1 For rthey mcmamtweammarakey 150l ks kel discuss
pal m pi | ot

| i
appl i cat i oRg; ﬁHEzﬁl 33% tﬂﬁgﬁggﬁ\f\?e{iﬁﬂg g\g aE)f:r $ gql ?@ggg%g%gscmhgﬁm@@pq ul ar

conputers,
phones conﬁ?'(lgﬂlsﬁgafpe@pmpéerdnnschmlas ttp:mﬂe book, address book, caller ID,
etc. The density of nultiple-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 opM@0B) t - | i rRefariali deeetor@g, HOWRYELs shiven Ty $ﬂp91'a‘?ﬁs"‘@5rgg3nji§'i &ea

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 muitiple-word-line DRAM 170 may
comprise a large number of memory cells in a small area. For example, the memory ceil

may comprise four feature size squared and the totai memory array of multiple-word-line

i'\-) DRAM 170 may comprise 1 gigabyte.

25
[0008] The density of multiple-word-li'nc DRAM 170 may be panicuiarly 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

310 DRAM 170 may be contributed to a memory cell being focated at each intersection of a
row with a bit-line such as open bit-line architecture. However, the multipie-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 sanme bank iike the
‘folded bit-line .architecture. 3 WD 03/021602 08/ 02/ 2006 PCT/ US020846232006

[0009] The W@193{931882wor d- | i ne DRAM 170 may conprise sense anpbi k@l Sic73
wherein each sense anplifier is coupled to two bit-lines of the nenory
array. One bit-line my couple to a first group of nmenory cells of a row
of nmenory cells and the second bit 5 Iine may couple to a second group of

the row. Thegopeoy nmay ipge CALIER 8. S - lines. and each group of
the row rrayqbe \(I:Voupl ed to a geq?(éer?elﬁ% ﬁm&‘l | e "llﬂdc?fBW‘secéeﬁ’d%c‘i”i‘ iers

materi al nmay'SEimeash sensaemplifierds tdupled td h'u:sbut-anesmg thalmdpidry dd3e ORWbitDIEhe

conmpar ed t 0p@yf [ th| e _sa bank by attaching
the signal bi t celt@ﬁgfpg r%?ﬁé)uégﬁgjeemg f | ?r‘i%ngmﬁrf‘@@fﬁe Corngrthe fepepdabit-

sel ect ed? rrehm mam epuplatwh sscomtrongof the row TS RemeLbdidupleli Ba §Q of WBFLUP

conpri sing ceIIs in the sanme rogw. As a result, groups
in the row ﬁgé; e m&] % %ent R TR oL g‘blC%”pf'?cgfﬁ 8t Hidrenyr wendsline( @0109n-

Ml ti pl e- wotadduitiveemBlRAM a9 myraﬁl &RhCRBMLIInge aiplE Ul rs{ -‘ﬁalt it r,;g% r’ﬁéh Ehe
use a pointer to track panks o

menory cel | The circuitr
cells to refrecdgar ‘#f %ﬁ’ n?é?wﬁléw ‘Waﬁwmwé@mﬂmmnmgwrﬂa—u n an

order inr dﬂ'{&mﬁtbe de@sd aﬁﬁ;ﬂﬂ'&htd’kﬁgr@up EdthprRiHe PR ted lﬂlnﬂ)g)g%etlll a{t}acrlllfe ;g;th?l;c'l[“hér y

to refrﬁ§h gn é cells may conprise a counter
time avall b “‘E,F"S% iige 1o Bf@ghpwgpraslmrsyie@aﬁmemom etisin thend)mjmmrvusa t he
circuitry tresuttefio8sdin @Wé’rotﬂﬁé)’w lnéﬁgﬁ ﬁfscf?éclia%w r(;r% Obgqgug)l n arefresh

cycle when the nenory bank to be I's not ¢essed or is not
tbei ng 20 repeatedly accessed. (0011] The menory controller 160 may

facil'itate@aeess tOMJ}‘?pIWBH mceoﬁﬂfvplj{d Wa&égRﬁ.ngn% @}&3925 %‘%EZ@SF C)].:LOO

In sone enbodl ment s, menory contr ol
the nulti pmemgay eellsi rTéneDMMrstMyamda poiner tdadck BEhky SRR d S0 rdReshY
bus 150, 100121 Processor 100

processor fors a ent cou | ed t
nay co?rgrl i-‘EQ 'gg?}eé’a fgwf"SC %bs ﬁ@h@l“gl'“ ap grdee i eenengsrto refprshingiac
- appl i cat i orurcmd dasind Ineaddiise, ﬂﬁ&:rﬁBﬁM t%&@fr@dﬁdthkhﬁermf"\@eﬁ aggcoﬁ-}p%g acode,
€. Fe

~or other sof%ware and Vakll abl es duri ng executi on

speci fi cal T3/M (P8 TBI5F 40 Fack e time 2 viiatie Scfommerrestingn theDRAMAO IvisameenDr y

- control | eredBAimbRERAY cirb rt&lréfﬁghiln’a IR and, code, storage
bet ween SRAM 130 and rul L bl e 9 cr%%ﬂfp?’i's@@lg‘c%u Ioabcgm a 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




word I|ne DRAM 140 such ‘that code and data bei ng ‘accessed nore frequently

by core 110 4 WD 031021602 08/ 02/ 2006 PCT/ US02/ 24673 is stored i n0SRAA/2006
130. I n al t\PHaL021682 enbodi ment's, processor 100 may CONPri S€ por/USe2/24673

mul ti pl e-word-1ine DRAM 140 wit hout a correspondi ng SRAM 130. [0013
Processor 1Q0 may conpri se enbedded nmultiple-word-line DRAM 140 to s store
a | arge amouhttosd tod d3@at le Bierodteepmuimdisors, phicessoNJo@ thar @en@meunt  of

code and dafngqfpa %) Ived ng data storage .
outsi de the pr oceggggﬁ%'g%m%g@i?ﬁwﬁ ﬁpégm?%M 140 may conprise
an array of nenory cells organized in rovvs and- col ums. Each nmenory cell

rmy conpris ransi a_ 10 can aci tor S|stor be coupl ed
to a set of ?‘ngg?}fj Ilneéb?{%m?qcof}w’ecgmg bl W%ﬂdfj?cﬁm&l‘; Plepitlipe @E%“ﬂ 148 1 r ow.
The wor d31 i Fererrdgrat Imnunifofc@d&dnd) dath Wetht pRaedssi. Gtorly a9@E02AbIARGHERe ahEMOT Y
“cell like agg Wﬁp“’“ ttrans @tor r@/ couple a capacitor of a nenory cell
toa bit-line thEEP IRyt CG?FS'&ﬁda'éé@&SBPétSldh@cmtsptmO from

the bit-line when the transi stor is off. The second | ead of the capacitor

may be coup, to a r. suppl.y node 15 such as Vss. In alternative
enbodi ment sﬂogpﬂ WE\?'\QEE'E'I“P’ G DB 98 maxieeraprise anzagey of|resmemy ceiis deV| ce

other than drmiRanaGoe an@ReIARY C@Amdh?ﬁorg‘%gp rH}fi %f:tar nnss}ﬁ%tr %ng 2% oupl ed

sone al ternate_ enbodi nents, the secon aC| t OF

to VD. (P00 TBREHEPR Aitrassisigr may ke soupledhioen mlodmrdam@mmcmﬂcsrmymmypme t he
menory 20 &@hdrs chilt 5Q! e i.fier l,ed to the
bit-line to sergzg the a'%?‘@% aaihrg:r'élg f 'g&éa“‘? R i n?‘éﬂ ?rtcngJegﬁ‘fanécWrmry
cel | when tHanary selklike aswisdh. t e trmnmstoy magldoupls a dapichedofamembly RHaFRI €, a

nmenory cel k, ap i a voltage to the word-. |.ine attached to
the transi s%‘g?’)‘a?%?ﬁggﬂ%’%c” g@?(l ﬁ‘é""{?l? "Fgﬁé"aﬁ‘&’)}' from thet biisling whess $eor on,
al | owi ng ctram&ﬁonmoffhé" hermoﬁwle&d eﬁmata@htdrh@ﬁ&fmﬁmwﬂa' powRr SRR RRIeW th
the charge a sense-anplifier attachedtothe

1
bit-1ine of&trﬁ £ ri? ?f’é‘”}‘l""r?%?"%‘m& thg %!‘%g@" BY3Y (CREPTse 2 Hath stoeage
af f ect ed byleﬂnbaa oﬁ:ldaﬁgeom& thdlethé BAEHArQd Qfaytctaﬁpﬂ}%fmérx tlﬁﬁlo!ll? *Prﬁhsrk%r rlﬁad and

conpare that char e to a reference charge he  sense-a

output VDG KD H’e"ﬁéﬁ?ﬁi"’f?@‘su‘ﬁéﬁﬁ@ﬂé'qﬂégiﬂhﬁ C%ﬁaclﬁdwlay(bﬁpamlshn VDI n some
enbodi nents, the bit- line is pre-charged to enable the transistors coupled
to the bit-line. Sone of these 30 enbodi nents pre-charge the bit-line to
hal f VD, rl88L’ing t Mdt-lings oénke owbipldbyotdiinenBRAMY |4@iTag)toliple 'tBE HeMopOWET

di ssi pRti Qiys in columns and 2 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 ceil. The voltage may tumn the transistor on,
allowing charge in the memory element of the memory cell to combine with the charge on

_ 2; the bit-line. Then, a sense-amplifier attached to the bit-line of the memory ceil 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 WD 03/021602 08/ 02/2006 PCT/US02/24673 (0016] The set of word-1lines
defining each rowin a nenory array may further define groups of @8adrey2006
cel I's withi W e%419%w, al | owi ng a group of nmenory cells or apchRtesYSs! |
within. arowto be selected for access while other nmenory cells in that
row remain R sel ectﬁg, or_are desel gc_t ed. The set of word-lines may
conpri se nor Ght:[ Han 5 oms SGoPGprdines defuing saghaiomyini s wieabdary @may further
“non- conduct i dedinpgtaeps af metnonC ORI vEtHi® e ACRTB Lh that row. | n some
enbodi ment s, t he ség@ Wo{h.wor d-1ines may conp?l?lé%ﬁgé |§o§|Hero m%%-cflksn‘érsa
separated by a subst antiat 1Y Hubf telnstrddes areessathéle iothler mEmeny detlstin war &w i ne
may be coupkmdintronadidcnd)dieredetREREY THE b Sof Dad LOW and the second

wor d- 1 i ng macﬁ be moupltgﬂ to even Eﬁ?fbgﬁgﬁgn%ﬁrgorgeh ?Ssmf’%c?rﬂgr'%edﬁ%rcrtm 10
[00171 IR of HEr &FBGSHRTRnEally isplarest by nef-tandectivaynacoiaf e cbisplS wmeRby cel | s

in a row, aelemans W Akl doRe: o the next 8 nmepory cells in
a row, the thig_g?qsmem)ry i ne ﬁ%"ﬁ“ﬁ%ﬂ% %g 0?5"0 %@“eﬁéﬁy PRRIFBAPHS s i n

a row, etc. N ISFPaRiFd biep substaptiafiymeome@ndudiiee friatesial. VitHedirkd .,n@-dmy"t;,g
coupled to b6 BRI 6 681 hinbefed the 15 second word-1ine may be
coupled to the next 16 nemory Crg%{ﬁ‘ﬁ’qﬁ?\cﬁﬁa Tt 8PV 140t gecpag werd-liemmenibrent
the first wePHpiaditevardymber memorytchls ipnbé samelr@agt h of the row. [00181 The
word-1iges of the set of word-lines may be | ocated in the same horizontal
| ayer of conductive material on a sem conductor chip and/or may reside in

20 different®0[dyers, Ivethti aabddimangarfatitbriyink %?:&ﬁueﬁs?é #‘?g;&g,g,% r#gékn\ég

material . | odi.nents, the set of word-

verti cal tvmlj'a gfsgggcop gz:ul? rﬁ'ﬁ? g‘aeYcPﬁrﬂoFWQ‘?éq theinggt & gemofy owdls dn hirnestht ahird

al t er nat i ngneremprine ardyl . cdupleday aRPh&t sWh inC rgs 1 ines, .conpri ses

two word-1i n%lgd.l oc[gt 5% é{n dtﬁﬁe sane horti zoﬁ?%{? c?ggylélré cheg“nd{’f&f‘ﬁbﬁ‘"ﬁ’ﬁ?eri al
a r

such as met&LH%) Haveiddinggnay be peupled to difrratreordyateile @na cowphd mige t 0

groups 10f 8edvadvoyd-Lae aRY LS A e r a vertical tw st of
the word-Iines such as ibs/ sh%e?ﬁgﬁ%%g# r&aclr;:"c?%g%ygr‘i"zao??f"’al nilis btgg ¢ he

second wor §PPPYiEeRty, ths fisg Wosd-Ynmmay hot i the efitire tangthoaie dolve  physi cal

| ocations of the first word-line and the second word-Iline between each

group of 8 nenory cells while maintaining the separation by a

non- conductdN8 nat erThel woRlifes 0foihe Ret ef rwi/cnrg-lfﬂ@anfa? e ®eafd ANHe BlAmed
a fi

comcue ver ayedP B BSOS Ao e ehpanor oy e o
20 different layers, vertically separated by layers of non-conductive material. In some
embodiments, the set of yvord-lincs may comprisc 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 s-uch
) 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.

3o [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 6058 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 mietal layer 3, and returning the first word-line to its new
6




(or a conductive | ayer above such as netal layer 1), running the first
word-line to the new |ocation 605B to 607B in netal |ayer 3, and 08/ &2/i20§6
the first wlf¥9¥424®2t o its new 6 WO 03/ 021602 08/ 02/ 2006 PCRLETR42467 3

| ocation 610E in netal |ayer 2. The second word-line nmay be shifted froma
first Iocati%@m.o&t)ﬁq,ébto_a Eecond | ocation 605A in nmetal layer 2 in the

space nade avarl4 {ThmERgL layer 2ayie seopng wosdylise: iangbe $heftefdi frast aviost dhchiione i n
netal |ayer @0Abtagedal ioélioh 603RLA nichd 1t B 2 and, the ond
wor d- | i ne ,be .Fs_[hi féeg with a vertical tvmﬁqsf?t{g;)gp ﬁdg%%aﬁae'ggﬁlpﬁ'&gg 4 to
Fig. 1, sens®Phiyfingtas rshipprdsbineiupstaldayes bi Aldrimizslyaboth qheafitsewog-lizh
“(every 4 bi tandithegtondhnd-lifsak h s] f. the nenory array or half-
pitch (every 2 bit-Iines) Imhenfp%gg?%lghnﬂé%@é'sf“ag' of the menory array. A
sense amflifier may couple to a first bit-line of a first nenory cell
“coupl ed to gofdgrst Worgkki ol le to.to.a second bit-1line of a second
nmenory cel | 6[cou']pl ed to a ggga(?%ﬂq%or%ql’ ?Wésg\?\ﬂg"@?ﬁniaﬁ © coppled t‘h’é‘l‘f@f‘iﬁ el |
and second EfR piteh(every dshithindsh whive lsatron burh sTHRSISS the MRensPSRay SRILT i er

may conpar e picsi b ik = L f sel ect ed mory cell to a reference
bit-line of " a (ﬁgﬂ%e"lﬁé@td«?d‘o%é‘?r%‘%@“c%l‘1“"Fﬁ"f’ﬂ‘g‘f‘"E AN A EeTSEAmB)ifiesi se

i ntroduced ByYceyre ota firet bistnepdfiarfystimdmie@ BelbcdubBOM a Birst wWokd1Bne zfnﬁfcg{ijﬂ ce
bit-1ing, afyjagélﬁna"@if-ﬂﬁl L{ESC dur i n81 Wi Le I 5 gack. For instance, during
write-back, a voltage O BEHES MEEORL @YPled tQ & gecond werd-Hing whereinghaind a
vol tage of ISt mayoe celpphd eeboh® ridieory RER TEIMLinDink -sainB GowCARARY e/ SonOUP! | NG
bet ween t he rﬁ'i%al bit-|ine .ania tge word-1ines may cancel out™ or

subst ant i al TYP'CShT8Y cOPRAEAR SR &It 6 9F  prde s mgsary colbtoras farence bitding of i nes

and the woralnbi-sedtedAndtasy Z@Ntialth&Maft ro@! rediflitd fake G f. rhe l.eads
bet ween adj acent sense anplifiers m frg‘m Irei talttée theeli@‘l(?a{]%(raiclgl %Lgfml'té‘ﬁc, and

‘may furt her*FRUgchetwEen g sigalitit-tine, sefersaceckitrfing, ragd ihe wouk-beesi duging hveiteli st ance -
bet weensr eftreenss iRiick | dieme Wfe-BLAN 2o Rk JehRES., 109211 (I N some .
embodi ment s, the conductiverl a&%rﬁéc\%hgrv%@gggk 5% ?’-aYi R &PRlisd;to de sighp! bifre

“al t er nat ed 118 and it yolipger @fVio enayi bgrepiplitsl to- the nefedencesbigtiad. Bapaditive@aGgling! 1 Ng.

For exanpl g§en@en ekect ed menory. cell may be coupled to a bit line
ina first (‘gon(?l_ugrtw‘:c 'L\)/'géﬁtl é’ff‘gﬁ"%a%" the w H]Bf'gﬁseﬁ'lay é:éTY%EPEHO?Té%W"@m fanfgly be
coupl ed t ocapasitive oupéing betevetrhihe deferenabLiit-linee ahdprefword NSy £HBeHERELER enpl oy
a vertical WLt 0f vertical twist in. the bit-line, such as at a m dpoint
of each bit _leic%:é:?i h’)’?t g %HWS bstveen siprentetcass pmglifiersy may Hagilitate, thehere i s
shown am ecwodiatentndrhayfubtiitd re@hc@ bdind-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-fine, 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 wordeiincs 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




line nmenory. The enbodi nent conprises four sets of word-lines 200, 210,

220, and 230 -coupling nmenory cells, such as nenory cell 203 and ne&¥0g/2006
cel | 207, oVQH&2HBAory array in rows and bit-1ines BLO thr epughsBldicrs
coupling the nenory cells of the menory 7 WO 03/021602 08/ 02/ 2006
PCT/ US02/ 24673 ar rga% in colums. The enbodi ment further conprises
sense-anpl i f1&rd" SAEMNH50Ne opbpdimgny furtiencomprisescrense-aampdifieaf 240 ST50NBID £
cell's. [0023%70EaedtessRiNE idfreSR MemdRYccpOMPri Se a transistor such as transistor
212 and a 5 capacitor such as capacitor 214. The gate of the transistor
212 may be coupled to a set, of word-lines such as the set of word-I|ines
210 and to {06@3]-|i neEsiChe@ss ss_the . menory cell. A voltage may
be appli ed f[ 0 t?le gate of t_ﬁgqféfgntgéi}s%g&%?/?ggétgﬁsemgreiucgf“s%F%E‘O’I%lﬁé@dﬂo,
turning on CAECHPYSH a3 epacitop 214. oThe gite of the Tamitor R Y erapak BokRid B aReL &

the .ot her side of the

capaci tor  2udd-BRdd kit ad ih{@gscﬁb-t? vi%rldgggggf(}én%n\g 8 tEIgBlée suER as Bldhto zecepss the

capaci tor may be coupl ed a erenc
[0024] The F&Menosclivoh goltageemaybe sppticroethe pite Rt AMERor $AGHe SR TPWORE t WO

word- |inesy f d-1ines 200 conprises word-li1ne 6 (W6)

and word-1i Hgé(%rl O%Wé gwlgq%:agﬁsﬁf)'\gght ¥ e ¢ cendughine Rrtvkatyeandhe eapaditorhe r ow

defined by 2kt ansfbitwindBLVnds aiBitiaf0thentheMide 601! &Eactngr %a?%%%\%éé) a TEMOIY
of rd-

cell's ofy t hgrsg . ch set. of word- lines such as se I nes
200 conpri s%?%é'ga\gﬁ?ﬁ% SERT 9% Ys8uch as word-line shift 205 to facilitate

coupling a second word-line such as W.7 to the second four nenory cells.
The physi ciﬂg fﬁnfi gutrﬁti on of the word-line shift 205 i s dependent upon the
‘physi call B gur at TBRSHS of Werddises offthepresent ¢miendli@O eadkarongiisnmioayordhen W6

Gevi co. o pockimaRile fu RSORS00 LEARNAS WeRY Bt Plwkel LEST ST

wor d- | i nes?&wgt Vet sauples fap §est fur memonyoedls bf the randefined bQrsezeMicrd-iney ft  of

t he seqend 200hsH W i C i sing nore_than two
word-1ines,. two mwoﬁwg?or#{ﬁsegpgrrg?%ﬁe@tg % @g'm’@ cgﬁsr%f)tbf M- yEashisstiadvosd- a time

or all wor dnes upieas sehof Werdslitics 2eUicampristsn wadHinkishit: su2®ad W92 IneRefEsg5i Ng now
shifting W.7 from

2 riret | aporoior@ie b Henti e i 4solB € Buerand s mempmyts.and

shi fting Vilhe physical gotfirétionsdf theyesrd-life shiRedws! RCRbpbRRAOINR: m¥lfh, By be
hori zont al J:&ﬁﬁguration of the set of word-lines 200, For example, when WL6 and WL7 are located
20 in the same horizontal layer of a scmicdnductor 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
[G025) | Referring now to Fig. 6a and Fig. 6b, the vertical twist may comprisé
shifting WL7 from a first layer 600B to a conductive layer below 605B the first layer and
shifting WL7 back to the first fayer in a new location 610B. WL6 may be horizontally
shifted. Horizontal shifting may comprise shifting WL6, for example, within a single
30 l,conductive layer 6QOA 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.




: tmshl fted Hor| zont aI shlﬂftlngmay corrprlseshlftlngv\L6 for exarrpl e wthin
a single 30 conductive |ayer 600A to 605A. In sone enbodi nents, t h88/02/2006

wor d-Ti ne sWPOP B P2occur  bet ween each nenory cell and in OP@ﬁUsoz/g_;G-];;
enbodi nents, the word- I|ne shift may occur between every 16 nenory cells,
dependi ng u E&ﬁ he ap catlon 8 WO 03/021602 08/02/ 2006 PCT/ US02/ 24673
100261 Ref er agal e&’)’"ﬁ againgto Fig.i2, pitlings may alfosdiermbtt devate chelusten

conducti ve ld)asserﬁor xohpRXBIPhRy bBUSaldYn R ngeonductive | 3,
BLI may be |oc fonduct | ve Ia;er n1&1dugﬁ\?éﬁ9%3 IB%@é?é’ 5 Ige “}f‘b‘ﬂ uct i ve

| ayer 3, BLS® “ff‘e*ap’a"cbt%'d? may bedersteetineendustive layer BtBL3 Alay e nedateigin

" conductive kmeﬁveofa @dj Axe Y e 5 t, di stance between
signal bit-1ines, reduci ng. %Iéﬂ%lggg?ﬁsg%clgtago?g[%?)%f“/\%’gﬁ"elsﬁ'éays'f’@rﬁ%ﬂ:

bit-lines. Mg disincedewespsignatbittlines, treductigtthd cape&umgbuphﬁgob@lv&@rtﬁ@g@nget weer
“layers fronpidipiet gr 0 to.a seqgond group rows.
it-li FLPWCPEdeﬂm: , ke B'iphﬁésl m erisg aéfmgtg%g@eamypfsl f&om 260

For exanple, BLO may be located 1I'n neta
and shift t©wWheraw rfipet a group bErowsed a sfcombgrdup bf 188, B3k ampl, Bt@fna?%& of

wor d- | i nes oatedln netal 1o |ayer 1.

100271 Sens%g%r?g qplgtglﬂa%%??azssucﬁmg” é&%"da%‘b‘lf 1% mer! loves la?‘ﬁﬂ"s‘:t of word-

~ sense- anpl i {icg 220 8Eh timt sgef sordlinds 210 a1d 20Qr@S BLONRE: BIPsi§dRE iR RuaY
further,fonprd.ge a bit-line shift such as bit-line shift 265

Sense- arrpll lers 240, 250, 260, and 270 are | ocated quarter pItCh on t5

either side of the nenory array, or every 4 bit-lines. The bit-line shift

265 and qu pi t y cilitate coupling each sense anplifier to two
{dif ferent 3@@%5 for %’Eﬁér“ﬁl‘j&f Reg SWRAtSFRSe-ampificr PAY dndsensemampliiec2sd s

coupl ed t 0 o\édaseaghpBlidr, 26823 e lifier
240 i 5 enabl g‘,ds a bit-line gﬁﬁsgaggﬁlrélgg?n,%r el”“'pd[']“e}tanLﬁg"‘S‘za‘fpglf a%"ﬁ\‘f‘é’t' t he

use of a bPt Pifing shift265 n Sense-amplificra RA G2 SAD6A, a!reifié’tioesmbched quantBepitdha@uci ng
char ge ;20 kmk f C I e b shift for
ge age dr t@em'rﬂﬁl'arysﬁ’l'z@ Flegre BYines IL@'FI 8&{' h'tﬁ\)edjtqne fuarer < o

the sense-amplifier pairs acconp
the bit-| i piéh may Haci taBL@Ualm Bich spwsy alnmlnﬁentcdtvf«i Gl‘f&fﬁnt @ﬂﬂa@wférl sé8sihgyer s

e e

enbodi nment s, sense: anp i ers

i ndependemrc otabiad; and Finee-armyplfjee RelkizenabMd) b bA-11HR ShifEws fidnB E2 EerQA fya group
exampl e, after W

of nmenory subst lally the sane tinme. For
enabl es rrefrirgi L %F 1 oﬁaoﬁb{' 't‘% n gicspmppiray ﬂ?’efﬁﬁﬂc bit ne,s'eciw@ganhmgcf iers
240, 2%0, i%@gaﬁdnﬂﬁcﬁn - ot tel @Nmtory cells. The bit-line shifi 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 BLI, 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.




'BLO, BL2, and BL3, respectively. The sense anplifiers 240, 250, 260 and 270
may then anplify the charge sensed, wite-back the charge to the ®8r®2/2006

cells coupl &g bHoBkE 30 BLI, BL2, and BL3, and output the anplified charge
via the independent outputs. Thus, four bits of data stored%ﬁ’%‘?@’z‘f@&r
menory cells nmay be read at the sane tinme or substantially the sane tine.

I n other enbodi nents, nore than one of the sense anplifiers may share an
output. 9 08@(3%12006 V}Q 3/ 021602 PCT/ US02/ 24673 [ 0029] Referring now to
Fig. 3, ther€i& shown & WIBIPHILI ROt dhars Hehemsnd ryliupte wged-ling ey drirayl. e
wor d- | i ne meting yukiplayoRIoIR MRS gﬁﬂs&ngmaésisfeh r 3 g oupl ed_to
bit-lines at .qparter-pitch on ei_){helj si de of tﬁezﬁ‘n lrrlgrrs?agra?(g Sog%od'glsegtt% of
wor d- 1 i nes 3%B1ne 3 fyarteyerich gp githergidemidhe memonf awyraidisenas wad®in@4150, 360
and 370 conp34ose60,tana 378! aach YR HWordlBsesl 133t 2 4ehi-he roups of 16 nory
cells in each row. In Fﬁi,tgi:%’ whi tg'rdotcs?,ﬁa's%c 3%@%41%&5?”%%%‘,“"1 Wcﬁinrsow
indi cate a cOUPtinggteed iwa sreenbelyt ot horediinin datts tow. War kg | 3, Raita gt he

bl ack dots, satfhs AGowAMKIaL, 334y Wdadic . coupling between the penory
cel | and the second word-1ine g? tdﬁc{eaéylsce?tcglfp?%%a&'ﬁcﬁgé"%‘ﬂﬁI‘:EUI apd at st r ow.
For 10 symeta§-ling andehenblagk oty siap, aseshotn 26 884,0fndisaie dr Edupfise BRWBE @ Wi t h

cell s coup! et crE Pl dnrlfl of Blegel orGorddnes Syplitdo drmove Femer

groups 3010 SHMEICE n fhachdridrabeaya edrihtsed 6fMeors linéd mBEbRERith Rur nfdnlct) cBRi T Of

sense anpli Ej“{epr!fd[%r}ldﬁrltast C'_gai r_rﬁgf dse.r}ks;&ﬂarrpl ifiers in the nenory array. 15

[0030] The Bit-11né Shit o382 oaY olRuE memeryicslls spapled o9 the dingt avaadnling,f i er s

300 to coupkegrbapsd 19iagaaby. bivihkd BRubST [@ HELILREAi PLR.AL IR BALLFRL! S and
s. FO

a reference b'{t-.li e in a, _non-selected group of nenory ce rexanpl e,
&7 HERD

a first gr OGB YAMPLIIFTS apd, @5t Pt 84 senpgarplificss i shegnenupleay.t o set of
word-lines 330 may be sel ected, groups 310, 320, and 327. Applying a
voltage to the first word-line of nultiple word-1ine 330 may turn on the
access 20 t5i st or SThSrbitline ShifhBP3 mee lallow thee fivst yaic of berge amplfidd 30ans 325

may be co t:@ Al =Je =4 et of .word-li.nes 330 and ma
re%/ai n nomﬂ sog Iéé?éé%asleﬁgg&gﬁng}é?'? 'ﬂ%dr érg@%'ghﬁ'%?‘)?e%g%ang ac’ﬁtff‘é‘é‘ g‘f'g'l“édf‘?n %/he

mermory cel |nog3gleaied sovmpdmembtyatelis hEorgeamhple.aa firserBiRdtaRedicy chiisiRdieaup! ed to
332 may discharge the

a non-sel egf &gh; Ll 334, Readin oy el |

capaci t or gb% né%l?d}g;%ogﬁﬁd &sf?%w%rgﬁg’gsi ¥ bedselogiss greypPsidliraPgand 323. nenor y

cell 332 bypptyitg agolgeko da fiedtPlokd-ii @b fGRALiSIe word-line 330 may turn on the access

20  transistors of the memory cells. Memory 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-linés for memory cell 332 substantially
equivalent to the voltage difference between Vp and Vgs. The non-selected memory cell
30 334, however, may not store a new charge hecause non-selected memorv cell 334 may not
have sufficient voltage coupled to its-word-lineo’turnon*the Accesstransistor:of memory
cell 334. In some embodiments, sense-amplitier 352-mayde-capable of writing-back more

than two different charge levels when the memory cell may store more than one bit of data
[0 ’




']0031] Witing-back a charge may invol ve sense-anplifier 352 applying a
voltage differential to the signal and reference bit-lines for ne®8/P2de006

332 subst ant@I%42168jui val ent to the voltage difference betwegrr v pReh;Vss.
The non-sel ected nenory cell 30 334, however, may not store a new charge

because non sel ect egn nqar,mry cell 334 may not have sufficient voltage
coupl ed to i 52 "l6r & 9oz Baty srbadimertiemex besapaisit sf writinf-batk posiyve slde 334,
I n some enbodegaeing sharggnse- anpi i ti er352may i ecapabl c of writing-back nore
than two different charge | evels when the nenory cell nmay store nore than
one bit of data 10 WD 03/021602 08/ 02/2006 PCT/ US02/ 24673 at a time. In

addi tion, mamp3gpbodi gt : a f wri.ting-b osi tive and/ or
negati ve char gesr:m[ 00321 | ﬁ@%@?g’?&%ﬁ%% io?fe%c{r%',h""ssgﬁg' gg&vfﬁocﬁqdi Hsma0,
340, 360 AndFBEWIISFAticH tyistaeivesen vembhcedll gravips B0, 365,386 528 B4R 7C 8k 0BT OUPS

310, 315, 320prd3%es 3304382 % f word-lines 330, 340, 360 and 370 nmay
conpri se two netal sV\or’dg"ﬁz’n%gs“g'ﬁ%[@em%r?@mp%enﬂ’(ﬁ:ﬂe% Wosgrdipesopn ghe same

sem conduct dPnrdesjive iyemef atshmicosducioe dbviterritth @itical MW cEARbWRIH Wokdlfne Of @
| oca I ning a separation

set of word-dfi,nes.d9.5hi L1 ;R i,cal fion.while maintainin

from ot her \Ng;%-?i noe@h "f/é Y Sﬁ}ﬁlehé’é'ﬁﬂldf?ﬁ‘\% “R’HF Sainigining-g sepagatiop| feom gider of
wor d- | i nes 380d+kags bP «ooprimectvevaatkerigal FbVest L eep L | oups
310 and 315c}9ﬂ$fi?ei Epvea_.f ilrsI word- |ine couples !?Fg&a cond‘ﬂ%?%%s ?gé/engaq’;bove
the conduct v aP|abycrsal tRist Rebyeegmemany cell seoypsptd and(3d S svhetsina fiost avord-ne
coupl es to incomlsith ueohdyare Bl ABbI B e CORRLES] letQfe Jg st of
word-lines. The first rd-1Ii neﬁand sepgnd V\o%-l )i%ﬁéﬁérgemt%éﬁﬁorc 01 ¥ back
to/the | ayelesfeondpwrdlipe equpizsfan sonduativedaver beloshitk ontiupted Inyomns thetsbt f00331
In some enbedidmkissThé Rat Bold:tiedRd SQURk 6drd. LY. Seldi5.332 and 342 may
conprise a ‘Xlertical shift bet wc;en rre_rmlrisgg:qte r}egl‘?g@ﬁ%oﬁngllcg}i{; ?dﬁ? E?§?r,°the
bit-l1ine CcOaSHedWor-Heass)incshifiedasitionsy be at a different conductive |ayer
than theg bit-line coupled to nenory cell 342 at nmenory cell 342. For
exanple, at nenory cell 332, the 20 bit-line coupled to nenory cell 332 may
_be on a firl§#3Yonductlh vemt apbedintnts,hhe mitrtne ousled &Y maRBryalelie 332 aHg Bk cal

merory ool e s B0 as Sifsteal MG TRy SR ahror 3ol el Ygarkugien e bedond
conduct i ve doupled to Tirandsy teell i34¢ maUPE @ at BIFERAPEMNISAIV: SaR33nAN the3gi iRY De

located in cEDg‘led 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 2 vertical shift, sﬁch 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-cpndﬁctive 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 memaory cell 400, applying a second voltage to a second word-

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




first conductive |ayer at 'rrer'rlory cel 'I 344 corrprlseavertl cal Shl ftsuch

as where thgvé?it ;25 line shifts frommetal layer one to netal | ayeP8YAREB006E
or vice ver &2 "¥BitRRen menory cell 344 and nenory cell 333, pantsagzisogat ed
in a second conductive layer at nenory cell 333. [00341 Referring nowto
Fig. 4, therg. I chart of enpaodinments to access nultiple

wor d- | i ne rre%ti)érc%j §I%he ¥?‘3£\?@ﬁlﬁﬁw ashpracautbiling 44i0nepmparing slevebbichgme 06 a 30
first vord|haére bittin: niiarcee! a0t b LYoRO GANICLIAG. ARTE] £LoBet ween

a charge stos%peg[% ierleerrentt of. a non-sel ected nenory cell of @r 0 %mry
cell's and a FIret "HetPaipe g said sopraring 40 Herhvéng s@seitege wenfsywaelline €00,

appl yi ng a sevioni & eltsageallyonsh-SRa00He R bki ! vi de a substantially
conductive path Ibet en a charge storgge elren%%'tgn %fChggg?IJtWeO?f'aﬂég?

08/ 02/ 2006 "BETF 6%%%‘28‘73’@& Sf dceaf msmemicelsand afirst ielinowsupld 1aths @empnd
bit-1ine 41Geleaedmpriongcdl 460 &lay UppGNAKSIReOTo 2t I fstopit-line wth a

| evel of charge of the second tz)ll),t E)F?ne 42_5, ft%ﬁc#agéu{flp% L P'nO% VAR EREeof

sel ected i n"IEYPORSECRS JhF frapuvpramiayaca ke swipbky ihagmaintiit $e ohalgh aget O a
first word- heiRnt SeméRiWwHeRkHE & ' non-conduct.i ye barrier between
a charge storage el enent of a 5‘§§%§§5§§?é@té§o’f PR3 %‘i‘ﬁ"":ﬁ?ata%rowhéi‘gerrerrory
cel I's and aStPiefdt thsimengm elemsntipadtotrespohdingibit-ins eharihe draRBEBF ¥ of EWhef00 NMRY

apply aiyol § g9 4P; r.opre transi stors, of menory el enents.
The transistors rrfgg/sadaeg?&ﬁ?%émgvmﬁbgﬁgﬁs%f Eind ﬂ‘w%%f‘d‘f"g?“t"ﬁe""é‘ﬁ% pehe gate o

menory el enfaueseigrien memeory calis vithiora inemofyf baak thetnpadccddty i éﬁaeaem%cﬁﬁtﬂi;j& cal

path for a Ln_the nory, .el ement to a corresponding bit-1ine
when t he tr@r@{%ﬁ ‘grérlE"g'F goﬂ[.ag?/\ﬁlécﬁ ai%%’ﬁ%ﬂ@ Wepit veltage spshas V. sone
enbodi ments nay apply a negative voltage to the gate of non-sel ected

bank bei ng_accessed. O her enbodi ments apply

“menory cell (thin nor € |
a | ow ci ch;ﬁ?ﬁ\]/ol taggmgﬁ’é'hg %/ig“(/%%“agf‘ 10,3 fiisgworgrling it maintdin agebswutiiyamny/D.
100351 Wpplegndigtiee barfiet beidehaO&hat ' rd=lins i ntain
substanti al I% {J(;n- 1r5I C(;:nduct [ vg_%asﬁ?%éet{a%nelétwwggﬁ nﬁ”%ﬁ%@ﬁ@ﬂ"&ﬁa@%‘a@%mnt
of a non- s&P8Lt BAMARIASH andet firspbitding sonpded trtiromop-seletted natbracdli 409tm&i t - 1 i ne
coupl ed t ocbhgrifeoRESElLHE 3 Y onprise selecting the
wor d- | i ne gougrll.e.d to t%e %%ﬁgr?g?gbé%pg% k’e‘ﬁ%?@@%ﬂ&f%@ﬂ?g CeIryp 2 sfopld- 1 i nes
coupl ed t oYMOFrElines wourlediintbe you eif Inerd@y celBAVSC tSetegtingd the Wadrd-link REuglQLHl ed to

t he non- sehRGLEdeIPRIPLY | 1..froma set of word-|ines coupled to the row of
mory cel |5 30 405 nay" L1 SR ¥ 8T MPHEIE GHale T dha e ey lvor y
cel I's' h t# maniclechawoablinr iompfd 16 the r6@ bERLMBryBRIPIMLE Shik hARBIYERY 2
vol tage togthg.second wor H | ne.ma ttenuate any
: ected memory cell. Applying 2 voltage to the second word-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 cel 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 efements 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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.Ieakage that may be caused by appl y| ng a voI tage to the ref erence bit-line
during the wite- back phase of evaluating the sel ected nmenory cel P8/P@/ 2006
exanpl e, wWh¥® &0y cells conprise a transistor as an accepgrgkemmps; and

a capacitor as a storage elenent, such as 25 DRAM sensing the sel ected
menory cell may conprise sensing all the nmenory cells in the sane group as
the selected nenory cell or coupled to the sanme word-line of the set of

wor d-1i nes geo3dre sel a o ci t.or . of each no cel l

di schar ges a[su dgt anti a F@ﬂ, @g&?%t%ztkécehtg}ggcog'tag%e%hf’%mtFhr vi %FF@S 8‘:‘\%%9
menory el emERPLUCEY pak bé'l’t‘&‘ﬁ'gé changy stoeage elstronted’ dseidorg racnidr tceH A rbhase

“Th b a e I diff | b
rotorence b e e arg e RO iy BT ek gl S

char ge appl tsdworddinehef thefset eﬁot@rd)hnc-slqonﬂcd 20 ldiet rovt it GOLIBS REuPIQ & the
menory cell to | eak

non- sel ect edejBRIDLY §J ause, t he non-se

charge when the rrerrrt?? Gell Htﬁ)sép‘?t%ta voftags té’cfﬂf)f“f""iyj?%catpﬂ)’&o)ﬁ 23t vo¥32930 021602
08/ 02/ 2006 cRTH MEBOLY M&iﬁ&pl[mﬁ)&sth]: wopblingl MYe gae ¥6RAPE VA feaBGohdd 1B uif6RN
word-1ine tg, proyi 'q%l&mst%p tantial | i(])rLductl ve path between a charge
storage el enent of o o8] 8k d“?f’é%?é TEY frapy c‘?’}ﬁ'éc‘t"ﬁ\ﬁa‘ha!ﬁ@f@eééeb'mtbt‘-t-I i ne
410 may selecmowhﬁcmmmﬁohmm&toﬂgc&!ﬂ'l&d&ﬁé Bi-1Re cHRIRY ¥ @t@'ntmno?;?lcﬁi:t'rﬁ the
word-1ine Oéonwc n,set ﬁl es coupled to the row that al' so coupl ed
to the sel@c PY” ’gép‘fﬂ"ifj ig thegpemeyy eleenhio digshargs om, the

appl yi ng a tgatise Mo&d:ﬁ@e.sctrponﬂwgﬂal BRIMRE Witk Ble!re ERHD! G40 the word-line. The
gate voltage may be designed to turn on an access transistor for the
‘nmeirory cell such that a conductive path is formed between the nenory

el ement of [odme;] nmenor xpgleinlg 2404 ,tm“Q%ctto SQ@OHEWJ] (Ff‘ﬁeo %2@? 3e5rr$r ﬁﬁﬂﬁl lto The

10 conductive_ path ma% al owt e cha store
12

di schar ge (9H“‘t‘t§"'t°nﬁath feER g echprge S@mpatemotnofcn‘ sdidfw:dsmgﬁaty dalttofkﬂenewv\ﬁ th
the refgreng®akidonk! secon voI cond
word-Tine to provid bﬂgm&[jﬁgﬁ% L "fki”)éé ?éi’ec %Stsf “f)%{f’ %1 Ha¥ge

storage el andsalecting ﬁle§edcedtve:dd-dm¢rﬁmy1 :itbeslct ofobortiiges O\, Jtﬁmanpl efbSRGeRS
bit-line 4 0 se ctl set of ,word-|ines coupledtotherow
and sel ect %ﬁg&?%teh%sng%%é’n V\@f%l 7?‘?\‘8’%’?335}?9’ Fﬂ’@%@tdemd'wftﬁqdf‘ﬁé@ckmmpn many
enbodi nent the meedre btik@nigRinERADsecta thentRy BAI @Ecﬂdﬂ%ta‘?n%dﬂﬁk Qﬁﬂ ‘rf'

decodi ng an address to determ ne the memory bank qm;l sing t selected

menory cel "¢ TA¥ SOEPHEME Aheatrirciadsmeraory celb and FleCOdtﬂlaeaﬂr eso trpdéterming thhe
sel ect ed n!ﬁmlﬁéé c68pitd /A SB6HLF REMEN c@%o?rﬁﬁlsﬁg il REMRY %%mob)?ccll. After

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.

) 7 - {0038] Some embodiments apply a pre-charge to the bit-lines coupied 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 Vss. The resulting charge on the signal bit-line may not be exactly Vp or

30 Vss 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

13




.20 bit-lines coupled to the group of nenory cells conprising the sel ected
menory cell. After determining the bit-lines associated with the §84@2/2006
vol t age nanglog@“(?@z applied to the bit-line to enable the neeptyoeRkts to
be sensed. 100381 Sone enbodi nents apply a pre-charge to the bit-1ines -

coupled to thea. _aroup 25 as |1 as the reference bit-lines. For
i nst ance, so‘ﬁg‘ 5q \ggidr‘?eﬂ’f@es‘ffo&g SEIF Jiéi-hipgt £30) may dssdasigued or amegat fove VDY 2
t o i ndi cat e taefahghindlfe desuitidyl kv Of ¢HA e%h%haéi%rm bitihd1eS may be pre- charged

to approximately VD/2 to conbine with the charge 1n a nenory el enent,
pulling up the signal bit-line to approximately VD or pulling down the

signal bit-{i038]to agpmexinzaie) I ti ng .char n the_signal
bit-1ine_ma no{% be, exactp??ydg%D go%/%lggggh@gcﬁg%yet I%‘Fg'étg@g?vgfog‘ﬁﬁgﬁf’gt uch as
char ge I%akg‘ﬁB" PiGine /&0 Fekrasspuell feneisferance o1 @ reanites charget dhahkibidl BY-line
circuitry, bphaeahicas thdkh imiter for the circuifry, current-

resi stance YIDR) Ioss%é, ‘agrgxggﬁ\%gg %ﬂg%?{?ﬁﬁ%gﬂafﬁ aﬁdla'é’{?{éttp’”@f‘h%ﬂ‘émjéoof t he
first bit-I|VRerYs Rovosinaisoay ¢a¢owicabOeharRGTokiEo2(h2 4643iM drheaclaug!  of

charge of them b= )l be .desi gned to account for a_
tol erance in tEg%(raggcﬁ:a%t%?\]lgh?g\?ée%ﬁgc}g@%’eﬁeg%é"% ﬁg” ¥pgha logigal ! jor adogiqabo39]

Cﬁrrpari ng &-|B¥rdnstyfeectrammengh Ictvhleoﬂdhmg]t;: obiHe-ﬂrktlrtﬁbl\Mctvhitffia leSuEdr cﬂ%rlgg par ge of
the 5 gecq ' A account for a tolerance in a resulTing
charge on ? ﬁgelseg%dn%f ﬂﬁ? ﬁ?%gwrﬁ%f%?W'ﬁg ﬁ@h?’ﬁ%?@ﬁéﬁ“‘g@a%ﬁmmmmhi n a
range of cledrlyescinsttdanmhory yengombiaed Wik Qﬁyré-@har%@o@fhe\égnﬁmd %ﬂgﬂgla NS, My
the selecte nory cell

determ ne the .charge stored on the_capacitor o

‘t o det erni &fgc ‘\’/ﬂ%’éﬁ"h‘&‘hfﬁgs‘g’é‘r'é‘t?t“é& FEess enbedimentstroayestora alposjtivabr degativea

| ogi cal  OVpEDEo iRSHEANGRly BOTRAHIBE 2 Y el of .the first.bit-line
with a level of, chai?gf of 10 the second %i;-SPfﬁﬁ%mgg%%ﬁ%yChé%orri"s?gatb"c?rrpari ng
a charge fFERE Havaikiofe bssensadcFusthenbnplacing atpveclwegent el rafereme bitdgicl

conbi nes Wardd Rheroe np 3 i.t-line.against a pre-charge on
the first bi tE;1 ﬁcne 5, _ gﬁ%@ébiﬁﬁ%m%ggﬁ%m@'g% %{‘ddB'éTef’F‘?/g’"ch ff&gati ve
VDI 2 so t hegiselly glesebdifigieoeesr inaht erashatgengemes Sedviert ktNwod Aidst ¥y pehar ge
or negati V@s;j Ik Sy ' e tQ be sensed. Further, by placing a

pre- char ge _(s)lrglﬁiﬁﬁéer_g?’éf@r’%ﬁ@tedi%ib‘huf’i a%eer 4 BhaKgryis £ E‘-e‘i 4P ds Fssrebareg epnthe
bit-1ine, shgnaibit-tingthe sanging lcirtitry, |su¢heasandndeedngi1FRE Salideretrh i€ wRkfer the

physi cal |y, di.ff nces ,i.n th re-charge signals between the two

| i nes may %‘gigg?ﬁgchsﬁgqa?éﬁh‘f’c Elj"gq'ﬁﬁ?rglﬁg?rﬁﬁl%'l the Chargpson the refarenge blidinge i s
conbi msd with the pre-charge on the signal bit-line, the sensing

circuitry, h as sense anplifier, may determ ne whether the
[00%6(]\' %etcrmmmg whether the 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




charge on the signal bit-fine is higher or |ower than the charge on t}
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cor r espondi MgmeDi telbdisttmrgelao bitstiats knl Eiﬁd”iti‘@fm?‘%mg”égﬁ?’ﬁ’ir@ﬁ% gmg{ny {h}é%; ng a
ol tage dif | et ween a signa it-line an -
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facilitate storing ':)hef bi naryé [ Pf or Eﬁ'ﬁllgotnhzenggldeu 231 ';rgrem(r:;pgg: | or
I ster or ut er_.and refreshi _ -
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(F:) gfr;)r : \s{ieng Ffés"é‘é‘?%c{"éﬂa"YrP@ih?ﬁiyﬂceﬁl pfeditecemoryset] dsh knrngeedl thﬂ?dﬁ(r)%%t&%g ?Arjlats Lly g
for each I grmgll chiye.cC )
the sel ec?gz@%éﬁfdr O(freﬁ?%'ly Ry rCteﬂgP{?p g)ets;'lbgs & I?élllt}yg ot ﬁ’s@ﬁfqhﬁ“& the selegtedyy v

i nf or mat i ofgerY prll meymrintait thebivaryoih formarkniin yheGelebrea frefibryt dag, R@E@inwsr%gg elt |he
IS Se

Eﬁz ) ggegt z rﬁg&@ﬁﬁteh @né?ﬁ‘o%‘/ CSFR%’,‘?' ti:orrtnep%sg ’appel;itng rthcta%epl'irtr'gg?fcr)%agg %liflfcrential sensed
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

J
—

-/ 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
voitage selected in response to said comparing 440. Outputting a voltage selected in
30  response to said comparing 440 may couple the amplified volage, 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




‘the capacitor of the nenory cell may be substantially depleted so
refreshing the selected menory cell may maintain the binary infor 8¢ 082086

the sel ect edVGBHBAg02cel | . Refreshing the selected nmenory celg 2SRRI se
applying the anplified voltage differential sensed 20 fromthe sel ected
menory cell to the bit-line of the selected nenory cell. Refreshing the
sel ect ed menHi%PREF It imeytoal soltegsaprepssenaipp| Yitngint hrdagat iohe REmbAE cell

|

anplified vokibe@sialgisihlg ukgl on a bit-line of a non-selected céll.
Appl ying the negative of the anplified voltage differential on a bit-1line

of a non-selected cell may apply a voltage opposite of that wused to
refresh the gejficted np - 1g a reference bit-1ine coupled to a

non- sel ect edp 2§ nenoryggc’:}é F'%%i‘}dfﬁgﬁf Sﬁ{ef@g LHREPPRYSEH Pl e wae!f memersells
between thhe Haled® dsetiofiwost-gramayicompiistsseleatith S SRALIEVR] tff;#ae J%Iegr ence
bit-1ine, anpgrPadl, "@chon}])%iﬁe oumutti, ng a voltage se etfed I’
response tol_sai d congari ng: £40¥ Bt Of WErdalings Ferayiseseiop trestorifour 3@ord-
response t o !mas despentpralyi Fgrided Osendiyg meuak@edrh@ma?%ilfd q ; . e.q. VD or
Vss, to an outn t t%‘i:rguit to provi de the signal as cfgt g%ﬁldée;‘%ﬁse'%@gﬁal
circuit. Many enpodi ﬁﬁnfr‘gm"ﬁ’oﬁ@rqr%“%‘%ﬂpéﬁ obtelqciegi mereory colls t loradtetrbe dat a
whi | e sensi egbadishiehis OnefibshiRR ¥1eeld rSemdr ceIP R ﬁga i_ments,. outputting a
vol t age gel ﬁgfed .'gn %‘!Spo Siﬁ to sai d_(%nr%g?rngyﬁ ?ngﬁi;ﬁgmwwﬁg% 2

08/ 02/ 2006 MBEgST ¥olsasditizeratial eaertit hneofie pon-salesitedagis r epr esent i ng dat a
in nmore than one nmenory cell substantially sinultaneously. 100441 In sone
enbodi nents, selecti ng a nmenory cell of a row of nmenory cells 5 coupled to

a set of wolf89?i nes raegipew ¢ Fig|Se e tmachineveniyble thudiund emBY@F¥nt &f e, O
every fourthedBMhYniel; LO aen t set .of word-1ines conprises two,
three or foﬁt}tr: _Worcpl-nt iﬁgé?g\?@sée@%%"eelrﬁﬁ FPHym faclpdes agy mrshanigre thaed
menory cel |Prhifesdbeqstdreseang on samsqiitsp informbli@NinQNBres eda881€ 8y FRIRANe gé?%la or
sensi ngsa Qg gtegf 58! a6led r’g)é}/ ﬁel |s,. In alternate ‘embodi nents,
refreshing ht hE S€l ect ed Henbry e &Y 1 grckigtpransreriopm| he rfunatiens desgaibedse of
10 the anplhefeiredForekmge athdchineeidaBik nRBiuth Rk mkiuhE ; d cell.
[ 0045) Ref ‘?Hdi ng now to Fiq. ! nm;hi_nle-rea%lz';bllfe Hﬁgﬁﬁ%%g%%gk&nén *of the
present i nventron is Mot Fnimaspsiic. diskosiorpgeamediati aptival soragd es:dé flash

mechani sm tieatory peivdsplelsctbital Coptish 106 &hsEaf 0Obthl, L Sdp bt grmation in a
f orm readabl e b%', a nachi ne. e.pg._,. a _1% co%puter?’%ﬁa??g%ﬁ%ﬁgé%%ﬁg%& by the
machi ne, cSH BeVRGEninfrA®d fsighals. digital sigoals, dted etc.... Several embodiments of the

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

10 a second word-line to provide a substantiaily 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




hereln wMlzofwiérxarrpl é, ‘a machi ne-readabl e medi um may include read only nenory

(ROM:; random access menory (RAM); magnetic disk storage nedi a; p@ﬁi’@al/2005
storage med®O¥RIOR nenory devices: el ect rical, optical, apousfsifaksOr
ot her form of propagated signals (e.g. carrier waves, infrared signals,

digital signals te. ). etc.... Several enbodinments of the 20 present
i Inglan? i on gﬁg"‘é"o?r@'}“f”gé‘)}’ﬁﬁhéo? RARW SrBnssehyra sre of wadthlies byegblyingttepsags Ry on

desi adnetvred-ine b B sct QP464-1Ths. ines readahle medium 500 may
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mai ntai n a SUBYELRA FUpsRYtiHneesoieatistive datsigr beterer2s clbartgwae:magﬁ ahﬁér@?fzt ?{?gte
“el enent of aonedleal MEhEH JFRWPL Yov@Sigjﬂnerﬂﬁg%eﬁsoé’ﬂp%ffgﬁqﬁg%pqcePlﬁgmalﬂgg%n q
bit-line_ coupled to the non-sel ected nenory cell : o : ]
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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
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) [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 cbnductive 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 rﬁay

operate at a clock speed that is slower than the clock speed used to access the memory

18




110 hysteresis circuitry may prevent the selection of a voltage until a

sufficient charge differential is sensed. (0049] After selecting &8/O2/2HH6
i n responseMAPH03E6%onpari son, the enbodi ment may conprise paShISYTEIONS
for witing-back the selected voltage to the selected nenory 15 cell.
Witing-back #he sel ected voltage to the selected nenory cell may conprise
i nstruct i onsCeHvPT fERikia Wpstaienswites requestingrdeweeabatimagiopbratehiea Sigfert Gock

vol tage. A sg&8haiiPlioki i . odinents, may apply the selected
voltage to ?ﬁe si gnal k%?%ﬁefﬁgﬁdg%%fsggpetrg&?%@cgléﬁ'ect ed menory cell so the
charge discharged fromthe selected nmenory cell is replaced with a

“subst anti al lyypsggui val : onme, enbodi ments, .instructions 20 for
writing- back[ tsﬁg sel eg?élg‘%\}g]ﬁ/?galgl)%émé’otﬁ%r"?s 8"%&5‘&"% QF&Yéf‘gs%’chhHPe\F@I"tgage,
soneti mes  thh¥erpsig airtuiey slayt tigges elnemitred ciralit 8@, thitdnduheris@TSr &Ml t- | | ne
coupled to ty. cell,. [,0050 everal enbodiments conpri se
i nstructi onzevfg Iggf gﬁ"!t’gﬁ’? ??\egﬁgspgbtﬂf"ﬁg“é"h 3deg Iok&?fs‘ér ¢ioh the&sseRd bittlige 3404
conpari ng 56@npres nstrudtivgs @ onqlut BgaelsrtEstaamiitid vagpONsSe to said conparing
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
outputs or output buffer(s). Qutput buffers or registers nmay 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 sonme enbodi nents, 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 nenory 18 WO 03/021602 08/ 02/2006 PCT/ US02/ 24673
cells or facilitate transactions with a requesting device that may operate
at a different clock speed than the clock speed used to access the nenory
cells. [00511 In alternative enbodi nents, 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 | evel -of charge of the second bit-line 540 conprises instructions
to output the selected or anplified voltage. 19 '08/02/2006
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VWhat is clainmed is: 1 An apparatus, conprising: a nenory conprising a

first sense anplifier coupled to first and second bit lines; a sec8fd02£R2986 -
anplifier coupled to third and fourth bit lines; ‘a third'sense anplifier
coupled to fifth and sixth bit lines; a fourth sense anplifier coupled to
seventh and eighth bit lines; a first nmenory cell coupled between the third
bit line and a first word line', a second nenory cell coupled between t.he
fourth bit line and a second word line; wherein the second, 'sixth, and
eighth bit lines are disposed between the third and fourth bit lines. 2.

The apparatus of claim1l, wherein the third and fourth bit lines are In

di fferentwﬁ%ndtllctiﬂyl,e. | ayers. 3. The apparatus of claim2, wherein the
di fferent” COMIRTFVE | ayers have at | east one other conductive |ayer

bet ween ts4hem p 4s, of claim1, further conprising a first set
of multi p1l'e n’é’n%?}eﬁggl &Z‘Fp@%ﬁ%l ed to the first word line and a second set
of multiple nERBhYYeshpEifgoupl ed to the second word line. 5. The apparatus
of claim1, wherein the first word-line has a first portion disposed in a
first netali zatfirgsehsyeeplitardodplaias Gitanuaetorbitdinsgosed in a second )
metalization |ayer. 6. The apparatus of claim1l, wherein: the third bit
line is to be agseendpenze ampjifier coupledtodin anddourbittiteshit |ine is to be used

as a reference %'.icpe resrﬁonsi ve to the first menory cell being selected;
and the third3dd §epRamiliiersopried odith gad sixth bt ipeshce | ine and the fourth bit

fineis tob Lgnal lin r esponsi 1.0 the second nenory cell
being sel ect gé@%e%%ﬁ@%ﬁgu%d *?%é"%‘ﬁb%@a%‘ﬁ‘ ’#i'"gf;ai m 1, wherein: yt he
i sy vor d-11 adrsh feffRHRlef dodpfalbReh HefircPhit in@'4ha TRAPHUGRL! S and a

a second memory cell coupled between the fourth bit line and a second
word line;

wherein the second, sixth, and eighth bit lines are disposed between the
third and fourth bit lines.

2. The apparatus of claim 1, wherein the third and fourth bit lines are in
different conductive layers. B

3 The apparatus of claim 2, wherein the different conductive layers have at
least ane other conductive layer between them.

4. The apparatus of claim 1, further comprising a first set of muitiple
memory cells coupled to the first word line and a second set of multiple
memory cells coupled to the second word line,

5. The apparatus of claim 1, wherein the first word-line has a first portion
- disposed in a first metalization layer and a second portion disposed in a
second metalization layer. :

6. The apparatus of claim 1, wherein:
the third bit line is to be used as a signal line and the fourth bit line is to
be used as a reference line responsive to the first memory cell being
selected; and
the third bit line is fo be used as a reference line and the fourth bit line is

to be used as a signal lines responsive to the second memory cell being
selected. :
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group of eight nenory cells; and the second word-line is coupled to two
groups of eight nenory cells separated by the group of eight menoOB/del/|29.06
8. The apparatus of claim1, wherein the first word-line is separated, from
the second word-line by a substantially non-conductive |ayer. 9. The
apparatus of claim1l1, wherein the first and second word-lines conprise a
vertical tw st between the first nenory cell and the second nenory cell.
10. The apparatus of claim 11, wherein the second sense anplifier is to
conpare a voltage on one of the third and fourth bit lines with a voltage
on the other of the third and fourth bit lines. 11. The apparatus of claim
1, further co [y bl ol tr eval uate adjacent nenory cells
substanti al | y@%ﬁg?dt?gﬁigts yﬁ'%l}e?raq‘he apparatus of claim 1, wherein the
sense anpl i fi etesfiral woreIRCRLodbled BLAORSUPRIC fir mbRon/teiy 8hET) CONMPrising: a
processor; a geEmwpnyeigidmieralnt &fis;cadpl ed to the processor; and a nenory

devi ce coupled to the nenory controller conprising a first sense anplifier:
coupl ed to fi thersesaed wersding ipicoudiddntestvo gyraps arfidighe memoangdils f i er coupl ed to
third and foufeRfr¥ed by thagwup oteightmethoseste anplifier coupled to fifth and
sixth bit lines; a fourth sense anplifier coupled to seventh and eighth bit

lines; agfirs rv cel |l .coupl ed. bet nthe third bit line and a first
word i ng; al%%%ﬁﬁﬁﬁ%mg%ﬁgg Hﬁfﬁg_ﬂﬁﬁ%ﬁr‘f FWAABUFIM bit line and a
second word line; 21 08 8)/ 0 erein the second, sixth, and ei ghth bits
| i nes are di sposed between the third and fourth bit lines. 14. The system

of claine.13, The bherateomprciagh Ny Wisadih Ghd RRE QRN ARESARSwordBiiBE Y coupled to the

msm y contr o¢dmeprise @ vettioaldwikst lbxjuent thy fist araBe0celldal dhe second
» memory cell.

10. The apparatus of claim 1, wherein the second sense amplifier is to
compare a voltage on one of the third and fourth bit ines with a voltage
on the other of the third and fourth bit lines.

11. Th‘e apparatus of claim 1, further comprising circuitry fo evaluate
adjacent memory cells substantially simultaneously.

12. The apparatus of claim 1, wherein the sense amplifiers are spaced at
quarter pitch.
13. A system, comprising:

a processor;

{) a memo troll ! ;
ry confroller coupled to the processor; and

a memory device coupled to the memory contrbller comprising

a first sense amplifier coupled to first and second bit lines;

‘& second sense amplifier céupled to third and fourth bit lines; L

a third sense ampiifier coupled to fifth and sixth b lines;

a fourth sense amplifier coupled to seventh and eighth bit lines;

a first memory cefl coupled between the third bit line and a first word line;

a second memory cell coupled between the fourth bit line and a second
word line;
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- 15. The systemof claim 13, wherein the third and fourth bit-lines are in

di fferent conductive |ayers.

16. The system of claim 13, wherein: PREO2H2086

bit- line is to be used as a signal line and the fourth bit line is to be
used as a reference line responsive to the first nmenory cell "being
selected; and the third bit line is to be used as a reference |line and the
fourth bit lineis to be used as a signal |lines responsive to the second

menory cell being
anplifiers are spaced at quarter pitch
wherein the first and second nenory cells are

coupled to

di fferent conduereinvRe k8Ra Ssixth Sand Tdightss ¥itd R1ds fe GikGHsBY b
and second setieehiairgdl fduitd bS lingl € a{%an opposi te lsl?dée Ogtwg

selected. 17. The system of claim 13, wherein the sense:
18. The system of claim 13,

bit-lines in
g\@erein the first

the third and fourth sense anplifiers. 22

14.

16.

16.

O

17
18.

19.

The system of claim 13, further comprising static random access
??mory coupled to the memory controller to store frequently accessed
ata.

T_he system of claim 13, wherein the third and fourth bit-lines are in
different conductive layers.

The system of claim 13, wherein:

the third bit line is to be used as a signal line and the fourth bit line is to
be used as a reference line responsive to the first memory cell being
selected; and

the third bit fine is to be used as a reference line and the fourth bit line is
o Fbetufled as a signal lines responsive to the second memory cell being
selected.

The system of claim 13, wherein the sense amplifiers are spaced at
quarter pitch.

The system _of claim 13, wherein the first and second memory celis are
coupled to bit-lines in different conductive layers.

The system of claim 13, wherein the first and second sense amplifiers
are at an opposite side of a memory bank from the third and fourth
sense amplifiers. : ‘

22
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