15 FEB 2005 WD 02/ 33706 NO SE SUPPRESSI ON FOR OPEN BI T LI NE DRAM
ARCHI TECTURES PCT/ US01/ 31159 FIELD OF THE I NVENTION 5 The invention rel ates

generally to sem conductor nenories and, nore particularl y;llviﬂ:ﬂj?%ﬁ 5
suppressi on techni ques for use therein. BACKGROUND OF THE | @ynam' C

random access nenories (DRAM are the sem conductor 20 storage devices of
choi cewffh ki M zi ng the nunber of data bits stopegufesnsdinit surface area
on a chip. Atypical IT DRAMcell includes only a single MOS access

transi stor and a correspondi ng storage capacitor. In contrast, a static
RAM cel | i ncl udegoRgisverRESSIORGOR OIS BIRLINEDRABUr i ng DRAM cel | operati on,
the storage capacitor hol dgpep@rdEMfiesof charge to represent a "logic 15
one" and anot her |evel of cﬁarge to represent a "logic zero." The access

transistor is used to controll abl co%ple the storage capacitor to a bit
line during read and/orWﬁbé‘_\éﬁﬁ—M. It is often desirable to enbed a
DRAM st or age depsiig@ntioh tdtied gbregilgio sehic@idictor yethorieprlyinde  hi gh- densi ty,

on-chip star ) AR Wi Ju@QheGein.20 circuitry. In such a system
it is pref @?%%ﬁaéﬁ’?ﬁgﬁgeﬁﬁ Je%%&hggltl%gg%e device be inplenmented within the
logic wwth little or no change in the logic process. It is difficult,
however, to achi eve aBAf UHAF THBENENIIRAM st orage  capacitor within an
enbedded DRAM dgyihsie radtidnh @dstss Gleadgids {ORAMP ate ol ssmicprdvge’ss. For exanpl e, the

storage Caps%?'géé( vRls &'clfoﬁk@rfo $HQ5A%E hSluSeriondAbbiehedged DRAMs is usual |y
betheen | andes T enpt of ar ad )?Pl B D9SEd, sed Qi SOMYENt i onal cel I's having
capacities Lﬁéﬁ‘!ﬁ@%""f&?“éﬁlap'zgt fed 1|ng|"ti'on, (beyga%e of their physical

di mensi ons,MOfheses tapstei andp sorreaneading sqrage LR PRNFEOHEt 40l t ages that can be
i npressed URQORADGE indies RfRkh 4 8ABACOS deviaesd Diviimg IRAM callol t age range of these

structures 0Ipi F%Ohsth 08 . OM hoMOLrk RAQ o SiMhrBGto kdprtentaoge 30 devel oped using
t hese capaci vors duri Ag I§e|czzieur§_e Afc Lhe |ow voltage sw ng

operation, .
associ at ed W't W SHSEEEED © I,Om ﬁ??feéegp? SOHHF2 0f A - ﬁrobl emin these
devi ces. Thengiswo igrsehioecsttrodahly ewsle dfe 1528 S2RHDIRA d%i ces are (a) bit
line to bitguliidiedRrisaricep@itiong and (b) word line to bit |ine noise

coupling. Viord |i ivke th icRB:dGOBRAN oS c@EP@Gkllbgke | arge in 35
enbedded DRAMS %32‘%&%@“@4"‘%‘% : i

eToegUeg, DR DECRURS i b el B LGRSy rer 2 coupl i i1
open bit | ideuigr dhivckectysen, i 8 p@&ﬁgl_e,[thgt th§ DRAM storage device be
implemented within the logic with little or no change in the logic process. It
is difficult, however, to achieve a good, high capacity DRAM storage
capacitor within an embedded DRAM device without changing the logic
process. For example, the storage capacity of planar storage cells in
25 embedded DRAMs is usually between | and 5 femptofarads (fF) as opposed
to conventional cells having capacities between 15 and 20 fF. In addition,
because of their physical dimensions, these capacitors have a limited range of
voltages that can be impressed upon them. The small capacity and limited
voltage range of these structures limiis the overall voltage swing that can be
30 developed using these capacitors during DRAM operation. Because of the
low voltage swing associated with embedded DRAMs, noise is more of a
problem in these devices. The two greatest sources of noise in DRAM
devices are {a) bil line to bit line noise coupling and {b) word line to bit line
noise coupling. Word line to bit line coupling is especially large in
35 embedded DRAMSs because of the greater pate o source overlap coupling in
{he access lransistors of these devices.
As is well known in the art. an open bit line architecture is capable of
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| 7 5 FEB 2005 WD 02/ 33706 PCT/US01/ 31159 achieving a significantly greater
cell density than the nore commonly used folded bit |ine architecture. For
exanpl e, use of an open bit line architecture can increase cdl § B@Blsjgﬂg up
to 100 percent or nore over the folded bit Iine approach. Therefore, tO0
achieve a maxi mumcell density, the open bit line 5 approach is preferred.
I—b\A/even'WO(;zg%g)pen bit line architecture is nore sd$@enBiBIe to bit line to
bit line noise due to the closer proximty of the switching bit |ines
within the structure. As described above, this increased noise can be
especi al |y danRgh BYighifcanpgaetedIDRAN davite esre chhebeaf oeé, there is a need
for an Open[_ﬁﬁ? ?bﬁﬁi%leargﬁ%%%earﬁmxél% W& INptn bitifhe bShic@Rabl e of | ow noi se
rerera , e a

operati on. ] r tecture wll be. ca | e of inplenmentation
within an eftBetdeer ‘Bﬁ?ﬁlﬁﬂs@i‘r‘pufﬁ@r@r‘:}?\ﬁttoh’“Pﬁetof'ﬁréheorPlgerldgjaf‘tqgﬁange to the logic
process. BRuEFoaBESTRICRT. O\ PHERx DRAWNGSsis thEjogy bilingnd 2 are schematic
di agr ams i | bppsdabiats pefedddD BdveedrN@E iope@ i tine drétitestae Ghinbrect ures that can be
used wi thi nsﬂce@%ﬂ?m Gt ﬁl%qg%g]lﬁgﬁﬁs%%uQWE ¥ioset DRRAMy dekce; Fig. 3 is a

perspective view i[lustrating a multi-|layer bit line onfiguration in
accor dance WHH®AE BsHY i“ﬁ‘é"rﬁ“_’%‘re‘té\sede ?’é%deartff’ve’i' H‘\’?é’ﬁctrﬁasoeﬁ; 20 Fig. 4is atop
vi ew i | | ust meiteicagbeaesiDRAlY damazfnic fneebestded DREM deyises a bit |ine twi sting

t echni que to equakitie, hieiskaadiong @kn bitlee DRAM drehtstirathaccor dance with one

embodi ment ?sfcagalr;'l@ oPbE S S M opl b6 ML 1Bb1y, e QrohiRetu® vAIl RChARPRE I ¢ di agram _
illUstrating circuitry ﬁ nﬁerfb%IH[ﬁgAMn I se rw%glfi%lenog Sl gnal injection in
accor dance W {"PSEEHEEHM A TOEES Fesent i nvention; and Fig. 6 is
a timng di agngrvibabkiadiomgs-a series of wavefornms that illustrate the
operation of the circuitry of Fig. 5 during a read operation. 30 25

DETAI LED DESCRI PTI ONg} e bheciphlopiimigdsitavhnesk description, reference is

made to the acconpanyrng dr aw.ngs a oW, f illustration,
spedific enbodifint &1 A paerpetic i’é_gr‘i"wgﬁ"??[@ﬁ *%%)/‘EB‘% Vﬁ%gcti ced. These

enmbodi nent s linearehitebbsesthaberd be psed within & deamicdedem peces e e t hose skilled in
the art to ps@miye@oe;t he invention, It is to be understood that the various

embodi ment s of the 3 nYERLpANe AbbNAUGHnIS ASRe ohrmenot necessari |y
or

mut ual |y excl usi ve. . ) .
y configuration in accordance with one embodiment of the present invention;

20 Fig. 4 is a top view illustrating a DRAM architecture that uses a bit
line twisting technique to equalize the loading of the bit lines in accordance

with one embodiment of the present invention;
Fig. 5 is a schematic diagram illustrating circuitry for performing
noise reducing signal injection in accordance with one embodiment of the
25 present invention; and
Fig. 6 is a timing diagram including a series of waveforms that
illustrate the operation of the cirouitry of Fig. 5 during a read operation.

30
DETAILED DESCRIPTION

in the following delailed description, reference is made to the
accompanying drawings that show, by way of illustration, specific
embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the arl 1o practice
the invenlion, It is to be understood that the various embodiments of the

L
n

invention, although different. are not necessarily mutually exclusive. For
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215 FF B 2005 W 02/33706 PCT/USO01/ 31159 exanple, a particulapg fBeZﬁd’H e,
structure, or characteristic described herein in connection wth on&"*’
enbodi ment may be inplenented within other enbodinments wthout departing
fromthe spirit and scope of the invention. In addition, it is to be
understood that the location or arrangenent of individual 5 elenments within
each diwghpsad enbodi nent may be nodified without p@e@aiiksg fromthe
spirit and scope of the invention. The follow ng detailed description s,
therefore, not to be taken in a limting sense, and the scope of the
present i nvekhgé aipsiiclek rand, anbivrey chdietcapipesdedd oéren s, appropriately

(nter pret ed. .l g i Bd Ruihdnt "ADOS: AhniEAMIYaLER! Sukp whi ch the clai ms

are 10 entit rrera the sanme or

sinilar fun&'c,“‘tbP‘B‘r‘i‘%ﬂtsi"f85“:’”[t ﬁ?pﬁ‘ﬂ%tg‘lﬂ the W@%‘B\f&?’aﬁf’ tf}(i 'éY/vg“onTEe present invention
relates to additgen s be dndereood Yt ipoatigmefowmneaeeréaisindtafisl y  ( DRAM)
ar chit ect ur esidnhat visincapabkisto®l drdwdinat ey opemadifi@nwitholhe ar chitecture uses

a multi-lay Je%:}?tllné nlolnr{&s ﬁ)pzddgwp@ut?@m@e'ﬂ% ﬁ"hgmli)\blﬁ@.rf&all&l 15 reduces bit line

to bit line Pructure I n

Wi
addi ti on, mqﬁffﬁ‘PttOPys h%"e Bﬁ"di?f @é’&t{afﬁ'r'“iaﬁ‘]“@g?i;eﬂg ﬂ’g f@é“%’aﬁca | ati on signals
onto the bithe presaegnvirtion falelitsd otk by deaprsided chimsedpiopriniahe t he ef f ects of

word |ine tGntbipleted, aloRgwiiDihe €usli rBE abiagivilties @mokh treclainiserd s capabl e of | ow

noi s¢ oper atj, fi’r?]:d iy b2 dcfgﬁin ?lhkfeol{umgéﬁ k0 @Thedded JPRAME, where noi se can

have a parti c eri @us ef ect The architecture can al so be

ar
used in any fBicHR ’t}éﬁ‘ﬁ’ﬁ?@?““ bESPICEYE %on requiring high density, |ow noise
operation. Figs.The psseht Snvention sediRsrinen opedi irﬂarﬁs’“fi”lfq @w8damat i ng two
al ternative ac@tChinfoBCIORARS alchidtttuealiat beapdisiedr low hbiteopara@RAM devi ce; nanel vy,

tsher Lg:oggf'l 5@% arckkﬁ@t@r adéé%*y &ﬁﬁgagsrgmth@e%&chgar%nqpa%gm'&a{,dgctr\ﬁr 2202'6 t ecl:t8 ure ]
: dF‘{?Il‘/eélb tBP't gt FF‘WE@“O” i@‘ﬁ'&#{i Oge“rhet % Ctl'”tCtur “of bit lines 14

i ncfudes a
arranged i n lapddiion, mwwaii preierdi fejLinjectingipise Gﬂaﬂlﬁtl%rstﬁh%'%% ure 16, 18 al so
includes a QhwtainbstOYth@ﬁevafmmﬂcmleluﬁma'la?thé faetts affveord BRedbicapabl e of storing a

singl e bit o digl Al l.géqs@mjhﬁ@cme FRARY ofhlrod2olefioRgoct ated wi th one of

t he word I|nes one, 0 t he 30 correspondi ng

ar chi t ect ur €9e2irog ”8’ @rea‘[bf‘%‘ﬁ 8?‘?@5&4% “ofsﬁé’ar] MV st?a§{°“‘af renor y
ar chi t ect ur asletedous 1®Ci sThsjarphitegiure @a el sty intap Athergnesiont ead from the nenory
in  multi-bidpidaiodreafidhighEasciy, fomonsé opeelidns 12 in the menory is used to

store a single lq tq‘ MPare -Emélﬁatlct aﬁrﬂém{ratﬂé t@@lalte?naiize within arowis
equal to the |I's 12 within a

particul ar r%Wtfgpxgzs gbgt c&ibgehus%d»\v&\%l dlS'F%/?M%ewoe namely the %I%FCF§€ 10 that is used to

enabl e t he dut psshitpgiure 16 and the open bit line architecture 18, respectwely As
25 illustrated, each of the architectures 16, 18 includes a plurality of word lines
10 and a plurality of bit lines 14 arranged in an orthogonal configuration.

Each architecture 16, 18 also includes a pluralily of memory cells [2 that are

each capable of storing a single bit of digital data. Each memory cell 12 is

associated with one of the word lines 10 and one of the bit lines 14 within the

30 corresponding architecture. The operation of each of the illustrated memory
archilectures 16. 18 is similar. Data is writlen to or read from the memory in

multi-bit data words. Bach row of cells 12 in the memory is used to store a

single data word. Thus, the number of cells 12 within a row is equal to the

nuniber of bits within a data word. The cells 12 within a particular row are

35 cach coupled to a common word line 10 that is used to cnable the cells 12
when a dala word is to be read from the row (i.e.. during a read operation) or

written to the row (i.e., during a write operation). When a word line 10 is
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when a data word is to be read fromthe row (i,e., during a read operation)
or witten to the row (i.e., during a wite operation). Wien a word |ine
10 is 3 WD 02/33706 PCT/US01/ 31154 pul sed during a read or vvﬁlfuei-"ﬁo;pe‘mt;l on,
an access transistor within each of the cells 12 associated with that word
line 10 is turned "on," thus coupling a storage capacitor within the cell
12 to awﬁg{g%%pondl ng bit line 14. During a witepgaghiiiison, a controller
switches the voltage on the bit line 14 associated 5 with the cell 12 to a
value that will store a level of charge within the storage capacitor of
the cell 12 jhatduliss 4 @RLLHEObRIINCaQEces tdiistr Bitlin %4a dfeet 0 be stored in the

cell 12. D‘”'Psguaasgoﬁﬁr@%aﬁﬂh@l b8 i o5 GARLOE, CHIL By oSt ored W Lhi n the

storage capacCito he voltage on the
cor r espondi riprasF £aPRGilprevidiin “Eeo“]r]éﬂoécct’”ﬁsﬁ’éd'ﬂ%? %1'“‘&’? V4"&@ currentiy stored by
the 10 cel | vk opEfagont evonrdlignvaiviichis thegvolage oh ihp et lingi I lsstréntedsed herein to denote
a bif line Jinate deﬁucwarv@mtw mnsﬂ@wmdngfmgaam ghanges due to the

performance c(a)gaca%r oﬁﬁel cell ?{ths\MS r%gesé?ﬁﬁ eaotfhgana blfo\ﬁlul: !o bg§(gljédaq1ed inFig. 1, the

folded bit IT'ne arc cell 12 for every
other bit | |‘?Fe°eﬁ420P8§’§|arf§1dé3peﬁ’é‘P'ﬂ |”EFLH“%{FC WF'HYIS‘PW@ Wi%” 15 Therefore, when a
word |ine 1Gtorage pakaiedofdiie kellg!ais aawkd dp mwrdifyt the oplagati 8, every ot her bit
line 14 in thespoaom Mt WMiel 14 tdorericar skt vagie Birfentlylsoeed by Gensequent |y, there is

alvays a " no Sihe gsw:t Dk bltnﬁee“m%e%me@m@denﬁé5b.91£ne switching bit |ines

during read a en bit 1line
ar chi t ect uréhaRB cyfentls L@der@‘%ﬂﬁlFaE%‘@éngﬁﬁf@ F?é'f‘ﬁi’Fﬂf°r@@1“F°fZeafjor each bit line 14

20 crossi ng cawgtappdratiol.ar word |line 10. In the open bit line architecture
18, therefore, &WiiseddNOFBILL tht RESHIEIE althiGhuE I ©BEkdet éheOne anot her during

read and Wﬂe?n%ry%@]ﬂﬁor QE ?\A @19:’%5] llhtngl cbo%flgcl%galeﬁ:lﬁﬁuslg v&ord ILQ?O approach, and there

is no inter e appreci at ed use of
t he*open bi tTherFfPrﬁeW’&FéH’i’OF‘b'(‘dePés H‘#EWLI”I“g £ye B’éﬂ”‘l‘? OPeé"é"ﬂ” in much greater
bit line toebirt othensit ke nidi Bethe ouepbiynyilt branm wdtehingf bit hige-f ol ded bit |ine
archi tectur @oﬂs@quekﬁ?ﬁ Me s atwadys al*Son- safﬁ@ﬂfgeﬂlthrfefbaWEeﬁle@S pai ofand 2, the open bit

| ine architeg r(L:Fs ur%gfe%ﬂmg V\Q'te otpg‘%tn)lng\’ih gtgntr%t %{eg fblitcant l'y greater cell

density tha re g refore, when cell
density is 6‘f"‘"fi‘j?h“ﬁ%}f‘"‘i/]gcft;ﬁ’(ge?r‘ﬁ“‘,]”df%%‘elﬁ'ﬁ@?fy Cﬂg ? friegel bigp 'E‘ﬁl ftecture is
preferred. 30sdng apotondancd ling t1h dndeappebit ligf arghifectyss é&ent i nvention, an
open bit | igReRRAMERY b€ Breh@y indgh dREUSed aRititer firiRgrehdandi t 1§ ne noi se

Coupling is writs O\{ara.qgnq thét% %Ifoléeﬁyﬁ{ llﬁeg I;?Eéhzq'ﬁ)d &@re 19*?1%”13 is used to

SW

provi de enha anced TS0l etween swt { lines in the device with
little or nd§tFeingaYasYifghin g"é“’érétl"elap%ﬁ’ 'IS"n0 (9T‘Té’peé‘ odi nent, the
i nventive pilinmoblpkage &8 eill typically result in much ureater bit line to bit line

25 noise coupling than use of the folded bit line architecture 16. However, as is
apparent from Figs. | and 2, the open bit line architecture 18 is capable of
achieving a significantly greater cell density than the folded bit line
architecture 16. Therefore, when cell density is of primary concern, the open
bit line architecture is preferred.

30 In accordance with one aspect of the present invention, an open bit
line DRAM device having reduced bit line to bit line noise coupling is
provided. A multi-layer metallization scheme is used to provide enhanced
isolation between switching bit lines in the device with little or no increase in
average cell area. In one embodiment, the inventive principles are

35 implemented within a DRAM device thal is embedded within logic circuitry
and thus iakes advantage of the multiple metallization layers commonly
available within such logic devices. The DRAM structures can thus be added
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35 inplenmented within a DRAM device that is enbedded within logic circuitry
and thus takes advantage of the nultiple netallization |ayers comonly

avai l abl e within such | ogic devices. The DRAM structures can thus be added
4 15FF B 2005 WO 02/33706 PCT/US01/31159 to the |ogic cifduikiB A% h
little or no change to the logic process. Fig. 3 is a perspective view

1T ust kad oRghe@ mul ti-layer bit line configuratiopcg@sdiBi@ecordance with
one errbodl ment of the present invention. Although not shown, the
multi-layer bit line configuration 20 is 5 situated above an underlying

sem conduct Wthe%ﬂ?@&x%@ﬁrﬁwmﬂmﬂe&gn@dl\a:aé fodhe l@gfnc prcm&s@:ory Cel I's arranged thereon.

figure. A5|IIu’F{°rated % | udes nul tiple bit Iines
22, 24, 26 EWEEUHPR i 6“@8‘315'8‘%\)&% O“FV\‘B“ 8?’ F“F'Er nt™ WBEAI i zation | ayers L1,

L2 within theebDRAMIthevghoet shEam theafulti-lger bit fing ¢0n@$!fﬁt§0'e?02i2 24, 26 is coupl ed
to a correspoRet RGvE Rt UnRrigly SRMBAdYcteedubdrateibhigdart feny agnder | yi ng substrate

in an open b!C!EﬂOrl Icglg %Egre!i gl%t;e%gl St cc§1b Jk&r iflevehi hE iRflRion i | lustrated in Fig.

2. The bit fTHE ell's wusing via

are co
connect i ons la3es piR gt pheran sl NEvel XPQH%W‘?”‘E%H@EE%X zﬁl ustrated in Fig.
3, each sucoelsés walibletbitlingy@222%, 202Hat a@@livided piweenitve fifferegfer bit [ine 15
configurati %@ta@ﬁtl&ﬁﬁﬁ‘&gbpm &ithlh t @or@M dovet.abdch aaihk o likeayer (L1, L2) than a

pr ejr\{?l Ous bi hrﬁgds ¢ [ﬂc—?d’to g\é&%s&op@%@aluﬁg optﬂgﬁbryb!:et]]s lipemeonfiguration is
&

bei g t OH’E}{ cent switching bit |ines
will be SI @'Fi’ieﬂ‘ﬁ“@aﬁ‘f?ﬁtrﬁter”éﬁfﬂ(?%eﬂ b'tl e SarHietREH: S‘@'H?r “*menbers 30 are

pl aced bet wdlesirated hieFigoRt The bieknend, . Horeaonplere ﬁ'FMeT@WF b layer (e.g., bit
lines 22 andsig6iaanm&icha¥ian a lefbiivetyovell Undwhenanfee dicitiusirtedein bit |ine coupling.

I'n one apprpa CB' eacp%ucc%gbeehg A8 29F ej’6sm3ch Hufi- lﬁﬁpthQet o grounded shield

| i nes 32 on

L.ofa zat ers using via
coniect i ons“B‘ﬁg“"%{P'i! é? ﬁ%ﬂ“fs\Pélayd‘ r%megﬁf’ag%‘a rﬂqu“g % "&an be tied to ground
in some ot heevitashilion Thes.gyen theaghnay operonidine configuraiion iidei®Bes on t he same
metal | izati Gﬁbleh&ﬁ‘t&:r )theQfoist &lﬁylmgaﬂw&ﬁadj@feﬂt sRihiug Gt denaddide A word |ine 28 is

i ded bt i 22, 24, 26
P;}Otv'hee”f”s;gmé’cfm re&ﬁ%% 5%91 ibil %tﬁetldl nn yr§50ar£ g@&hwgogb L |ines

cor r espondi W@bﬁé‘mss"“(anct?t“m%ﬁ\m Yizafjan b'ﬁﬂﬁ %@ﬁ vi'a connectl ons. A
pr adal em t hatayarlils gsfuliier siw:pgmtehbctmnwmmayém ot @Ppropwethéonfu guration 30 20
of Fig. 3 i sidididtmetibbd 6F @atoupled to biomeed shiefdhings 32beodevinge di splay different

| oadi ng ChaEcﬁiﬁ{)ﬁall__ﬂvn%&hlgémpf’ﬁ&gu%’vm%m&m% her Akddian@s, whhei r di stance from
the subst d?(P I un% in some ofcher @ghlloq eg LII:S)ﬁAM devi ce
archit ect ur gn%misrﬁbers 30 can be tied to gro g
conductive structures on the same metallization layer) or they can be left
25 ungrounded. A word line 28 is provided on a different metallization layer
from the bit lines 22, 24, 26 in the illustrated embodiment. The word line 28
is coupled to corresponding cells (not shown) using, for example, via
gonnections.
A problem that arises by using the multi-layer bit line configuration
30 20 of Fig. 3 is that different bit lines within the device display different
loading characteristics based on, among other things, their distance from the
subsirate. Fig. 4 is a top view illustrating a DRAM device architecture 36 in
accordance with one embodiment of the present invention that uses a bit line
{wisting technigue to equalize the ioading of the bit lines. As iHlustrated, the
35 DRAM architecture 36 includes a first array of cells 38. a second array of
cells 40, and a bank of differential sense amplifiers 42, The first array 38
includes a number of memory cells 58 arranged in a plurality of rows and
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accordance wth one enbodi nent of the present invention that uses a bit
line twi sting technique to equalize the |oading of the bit lines. As
illustrated, the 35 DRAM architecture 36 includes a first array of cells
38, a second array of <cells 40, and a bank of differential s nﬁ F .
anplifiers 42. The first array 38 includes a nunber of rrermrj el 4€§ 25

arranged. | plurality of rows and 5 1 5 F E B 2Q@%, 9924 33706
3 bl -"

PCT/ US colums, where each row of cells is coupled to a commbn word
line 44 and each colunn of cells is coupled to a common bit |ine 46.

Simlarly, tcbl@mnssQﬁ'e@d"é;clﬂ{)ﬁr%yceﬂg’|s|c5\@.eﬂl’€1ﬁascoﬁlm@hjWgr@r!mt@ﬁtl smmory cells 58
arranged | ng%hg:lofﬂﬁ?ﬁ of Eé{ls is oup]edvﬁga‘&gnal%mblflmesélq m@l%qlgpeﬂ\%h row of cells is

coupl ed t lls is coupled to a
common bit S§eA asey 40E%f&‘ﬁf’5 adumbe PERTIR celed sEangsgn # PHEFY52 in the bank of
sense anpl i ol ews anfiZolusnscokgpd @ch bw of aiieis ofupkth® alyietymbn wed 46 in the first

array of celjhssg38dand Qs QfcetsN@cdpibd tolaREBmS it 1108 sh.hgachecond array of cells

40. As |l f tial
anpl i fi \glr S gggre%a%é”s%%mﬁsf errgﬂgr( t%gga%ﬁ ofqgméaénlnp’hﬁerp 5 i 55 (?olu Igoelr gg |18 i ﬁgnts\an

associ at ed B’i‘et"fl”lf’r‘i’éé”"i’&é6 ingog fHﬂrﬂFﬁgfﬁ"é'éég %5‘6@?%&”’6% “f'fiﬁ 5@Iet ernine a data
val ue st or edh thaseodarmesireifsdiingismeiibe isaekd in ghwtei idtailstheat ed in Fig. 4, each

of the bit hiﬁ@l@l&laﬂﬁnseaglpliﬂarstﬁ%refigfetﬁﬁve%Qom&ﬁﬁ@t’ﬂgv&ﬁkés oArrays 38, 40 is

d d | h
frodrey s b et PhrintEReSS ST T LR R IR

54 i s | ocat &duestered it PREPWHIPS r'?"éf"a‘lylci"&atl on layer than the corresponding
bit Iine 46, 50Aséittrtd iaBigvh earh didtediy linkretobi inlthnBrstdsd 50. In Fig. 4, for
a given bit sdbraetishiap B, AERES R Wt a b hidt sSkRsmRPr esents the | ower

netallizati bcﬁr}(oeﬁne(u?thgﬁgu eglAL m{ b%lmg%_anﬁ ga§ h@rﬂ(’?ftth@ de represents the

upper net al hown, each of the bit

20 ¥i ne/ shi & 1"'&? FERpRa 5 4d%1|'9°§1eq H’E:IWH%%“"E“’F iggfior ¢gyegy thap #F dpoi nt al ong t he
| engt h of  tdwesppmiing bitHioe &6, HBiteithdr kovbprt belowrike WGline30, Wndnt he shi el d menber 54

transition rpefweeniiRbRlihd kRl mbbayrl e righfideeyiPhemea bit line 46 in the
first a”ay\o%@r .@Jnn%&%ﬁ{;@#‘@?ﬁ‘; mej?%é%%rlei{rﬁéeqjaérésérﬂg ﬁ@” | ayer L2 to the

| ower net al respon | d menber 54
transi t i onsURPFIORsiRiRatIInOREE (25 en dilg Py af't S¥aspelt ofLe £ t he upper
metzal | i zat i Gm/shiglf exembed pairg incluiles @ wiglr68 a2 napoinh@ongiihi legth®d. | n one enbodi nent,

the twists 6@ pﬁtrﬁhew%hﬁnaem B 44S50NGd WeabieldAdmbadaphedionet al | i zati on

tt {8yt f the bit Ii
22 gg“fo B?etv%%h Dkt %éﬁc?n @ﬁrs RG: Jx%ﬂé an Qﬁeea%%{ggﬁrs%mg%gst a‘r)]tl ol Iey : X hel ggfre

for all of ‘f%‘i‘%t"kﬁ‘ tfr°W|t¥‘Fe‘§’p%6“°t"’§(§atI°H iyﬁé‘zdﬁﬂl?/l e mellizaign Wt h reference to
Fig. 4, eachyeot! edighcwmirtsgongBz sincld memigeH tasifions frord éhe Jeyer
25 mefallization layer L1 to the upper metallization layer L2, or vice versa, at the
twist 60. In one embodiment, the twists 60 are implemented using vias and
adapted metallization patterns. By using twists, the loading presented by each
of the bit lines 46, 50 to, for example, the sense amplifiers 32, is substantially
the same for all of the bit lines 46, 50 in the DRAM device.
3p With reference 1o Fig. 4, each of the cells 58 in the device includes an
access transistor and a storage capacitor. The storage capacitor holds an
amount of charge that corresponds to a data value being stored by the cell 58.
The access transistor acts as a switch that couples the slorage capacitor to the
associated bit line 46. 50 when a predeiermined vollage is placed on the
35 corresponding word line 44, 48. When the slorage capacitor is coupled to the
bit line 46, 50, a voltage develops on the bit line 46, 50 thal is relaled {o the
amotint of charge stored within the storage capacitor. During a typical read
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access transistor and a storage capacitor. The storage capacitor holds an
anount of charge that corresponds to a data val ue being stored by the cell
58. The access transistor acts as a switch that couples the }tb)r}-etg,e;uus
capacitor to the associated bit line 46. 50 when a predetern ned vol t age
is placed on the 35 corresponding word |ine 44, 48. \Wen the storage

capaci (Eﬁf %3?70 oupled to the bit line 46, 50, a veliagasdeyvel ops on the bit
|l i ne 46, (g that is related to the amount of charge stored within the

storage capacitor. During a typical read 6 1 b ~ L 0 A65 WO 02/ 33706
PCT/ USO01/ 31159:+8P & hRbdiORineBvoRiR habgikdrioniedvovdink ages bt rappl i ed to the word

line 44, 48 of a ro f e . Sead 8 AoBGaaciidaka word to be read.
0@88%0& %e\({)Y? Sé)srt%mg ggag%w%g ]O b| e é Tlﬁé & ég@g p§0 Qﬁﬁ

The storage , ¢ r L:Ile ce I.s({glf.heéowis then coupled to
an associ at eshisf the ioplisdn BRePvas g PR Shitli BYiBFT °f ["5¢"V8I t age devel ops. A
ref erence vebteggedingshirtae nitaienledlo®. |A rsiewae Molgge it Rantyinopj nes within the
other array e&F of Bk b 110 iR the GaeTura} &if st isalEactseims@tianpl i fier 52 then

senses the voltages the ¢ D i : 50 and anplifies
the differeltd aﬂ%ﬁ F_‘"gg thf’?]see"s\(fgﬁ g&tg@ QQ{T;E%C%SIDBAF%“?% h'{sgi@‘l%al s are

repr esent at 59 andofmpfifis thgatiferapen !?ié‘ge”stf’%?' e ?Iﬁ’i rﬁsup'ﬁ%“g"gvsv of cells. Wien the
vol t age on arewpredentativeeof thd dalal Blupsstasagivtibhdhg rgyeefigelen val ues, 10 swi t chi ng
noi se i s generalye,inRddged oh Riverdaias n, 0f istshachld betbdemeued6, 50 associ at ed

with the word., |l ine 44, 48, [N i L ise generally
occifrs thr oﬁﬁ'ﬁchﬁoﬂ?ﬁ?itsné?"h!a@]ﬁ]g'\({:l%ﬁaﬁ?tésr?r%? gnf%hp:bitl,l.#n;?a%gi’ (r‘igupl i ng between the
li nes t hens efsyasiedatithilisevory!ine 44, A% tie WEE Hphia {Eﬁ??é’gls mﬁ ) coupling via an
overlap capeanistiange tegrincieln rebhenigest emalyd(ai deeple Astwecothet he access

transi stor i iehsdfiSatkR &R foRSHaRdinBanB ®uMing &b bn V@i over| ap capacitance

noi se mechani s becones, especi A [R: dded DRAM devi ces
that utili zéapa%?v%?tweﬂ%&ﬁa%gmi tg%/&er%gwt&%g éﬁlgitgdﬂgsst(ggq ltﬁggse, during a read
opetat i on, agowserodding mseory oei.e S8 YR CFE?G%E‘”?BOW’SSfm??ET\_S’E i s switched between
two val ues, bddmss esecialipitewblesawepio rraieddeth PRAMsdeyinesethgt itiliet | i ne associ at ed
Wi th the worgyhiiNgridcAReBe 68 SRssad Mot dirinh @ réd®bfeprtien, b somwi t ched in only one

of the two cell arrays 38 i &R, RovS&sapRears as differenti al
noise to th m?jfofrfsé?@)(n % mgeoﬁg%ls %gﬁr]r%cllh?ﬁée As rge}lrlllfbe appreci ated, this
f th

rs 52.
di ff er ent i alnoifoPaEOREH2RPEATPLFACE Bit ’%éss?fé#eﬁo‘?‘ﬁathecém e differential
sense anpl i fHeans a5yd lparbliaguk awilchediimondieant elthe twa &§lifgaisdfy vol t age | evel s
(e.g., enbedgef. NRAM sdifeUbhdis @S Yifferddial Mvisace O dHheatiaviciie one aspect of tile

present invent)on,..a,row,of ‘ reng l.S;ed igd in each of the
first and s é'\ElBlh S CS%I IAs gc}nrbg a%pr{g)g{eﬁ L{%Q{ﬁﬁ‘er&@ihl mdisé San g&lflﬂrcﬂfﬁ‘

. : . D SHOL € 8 eference charge For each
cor r espondi g peifermprop ef theifrgentid egrser g 'ﬁeéso#p@ﬁi Lé%fh dUT1'Ag read operations.
The magni t udsinpbwivbiege lefebencabaked QAN structures).
25 In accordance with one aspect of the present invention, a row of
reference cells is defined in each of the first and second cell arrays 38, 40 to
store a reference charge for each corresponding bit line to be used for
comparison during read operations. The magnitude of the reference charge is
somewhere between the nominal magnitude representative of a logic zero and
30 the nominal magnitude representative of a logic one. During a read
operation, the voltage on the word line associated with the row of cells being
read is swiiched as before. Al substantially the same time, the voliage on the
word line of a row of reference cells within the olher cell array 38. 40 is also
swilched. The sense amplifiers 52 then compare the resulting voltages on the
35 corresponding bit fines 46, 50. Because a word line voltage has been
swilched in bolh the first and second array of cells 38, 40. a common mode
noise signal develaps across the differential sense amplificrs 52 that should be
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sonmewher e between the nom nal magnitude representative of a logic zero and
30 tile nom nal magnitude representative of a logic one. During a read
operation, the voltage on the word |line associated with the row of cells
being read is switched as before. At Substantially the samg §iPER 2118

vol tage on the word line of a row of reference cells within ?Iie ot her
cell agy 40 is also swtched. The sense angldrfusflis$is®2 then conpare
the resu |ng voltages oil the corresponding bit lines 46, 50. Because a
word |ine voltage has been switched in both the first and second array of
cells 38, 4Qeecgd9,9,ggy)n node noise signal develops across tile differenti al

sense anpl | fl er SB j:aé%? tEeablq: l?pg? éog{) :néhe &A% atrcf!lﬁechlr;etajngﬂﬁ X\D 02/ 33706

PCT/ US01/ 31159 ré& 46, 50 in the DRAM
ar chi t ect ur eccggongyo gifTyent metafb@ém‘%ﬁ tf“i/\?(ﬂwa‘l‘f’f‘é‘?%me ‘Bt &l i zation |ayers, the
amount of wasick thdl R@edrsoonkaibit lihd wi@ gemallsdpdnt apondippear & vdieha bit |ine will

gengral ly d%%ﬂ%é&@%tth@%oés&%e,SmmntM& Q&dané he: blafplkivig rests at the
crossover

reference to Fi 3,
bit lines I ée(fé:?n@%j o\ﬁ?gr %Ptﬁt I{nﬁs l(cj)caked wethm ll}e urorl)er QFlhl%ahO%M g? L2L2 will gener algl y
coupl e wuth“v\'bgfzﬂerpiim@upzﬁswwbwdt“fl@?ﬁ more gy tE‘ﬂ"tb"] inselcafedcated within the

| ower met al hitiiathe dowet agteiizationllayerlid . iTojwpoove ndi®isgeal sangenfationcancel | ation during
a read oper gld@mn léa@%@rfn%etheﬁen% ref @re%n&eeceqaeihht fshatd ik used for 10

COE{&?;ES?S \é\normaftsop R!aﬂq a gal%'lcuﬁar {nm{uﬂg{séﬁ (Fﬁrg a rgeﬁi opprgtloﬁ sﬁo%?lch oper at ion should be

lization | ayer as
the bit i H@P%@ﬁéﬁt"“%%Efm"é@att'scf’“tt}l’?éa‘ﬁ%’ﬁﬁ?lE}Zaﬁ‘é'l I?Yer PHCHi s manner, the
magni t udes dfie sefrindt dongedce the meinsig celh it thés mangerdy maspgindifng bit lines will be
substanti al ky .Jdb&d nés%rsﬁ R0 WirkdpoRidR GR lindd Wi ebadibseatidiyely in the

differenti al a %Wlll G&HO&EI’I’IOI‘C eﬂ’%c%?el)ﬁ%nhcexﬁ’?rgﬂhisan}pﬂfJr%‘ﬁ’nqfo reference cells is

prowdedfor TEaC both the first and
seddnd ar r agehiste E‘i‘@H gowaes refreyee pelis ISoRIGMSH éor ea‘%& Fopsitdy 1frldﬂ?i/ of reference cells
woul d i ncl udefigiéipn & bihtistfirg edd seoadiptag df delds 1. 4. tFor &xamge,segment in the | ower

netal | i zati QIﬂrsk %%Qi’f référence( Qlis FoFERARR: QQ'a'Frﬁ@Mpdoﬁﬂedt@a ba bit |ine segnent in
the upper P]e segme\l}\én 12 IC{WC %qalll%a?cbn Igy%PLl bs h'&u{ gnd%gl Loug)QJthl ed 20 to a bit line

segnent in A second row of
reference cébit §negeamnedt ip %P%b’“e"*(“&)“‘% lffyFrr@t (Gb%thrd &%‘LPB‘IPE’H to a bit line
segoent in tdwitiippegmaeiaellowatktalizalionieer LI2gnd(sbpn.aA sewdnd cel | coupled to a

bit line sganentrkie iR WoalakcIBt éﬂ%h'fﬁsﬁ%l%uﬂ:la’y@ra #idine(c) a third cell
coupl ed to gégmgr{téltéesupger%egﬁgﬁgn fa %})QP&S ie!i%%tbton layer L2, and so

on. During pecde s is selected that
has t he sanmtngsEgmenyiphe lower metalllzatlon layer L! c)a hll’ cell coupledto a
bit line segment in the upper metallization layer L2, and so on. During a read

25 operation, a row of reference cells is selected that has the same bit line
configuration as the row of memory cells being read.

As described above, the common mode word line to bit line noise that
results from using a reference cell approach should cancel within cach
differential sense amplifier 52. However, if the common mode noise is large

a0 enough, it could saturate the sense amplifiers 52, thus compromising the
sensing process. Some types of sense amplifier {e.g., the simple cross-
coupled inverter type sense amplifiers that are commonly used in DRAM
devices) are particularly prone to saturation, In another aspect of the present
invention, therefore, a noise canceling signal injection technique is provided
35 for reducing or eliminating the word line to bit line noise before it can
saturate the sense amplifiers 52. Fig. 5 is a schematic diagram illustrating

circuitry for performing noise reducing signal injection in accordance with
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configuration as the row of rnenory cells being read. As described above,
the comon node word line to bit line noise that results fromusing a
ref erence cell approach should cancel within each differenti ajl gséﬁﬁeﬁwg,
anplifier 52. However, if the common node noise is |arge 30 ehough, it
could saturate the sense anplifiers 52, thus Conprom sing the sensing

processyo st ypes of sense anplifier (e.g., the git@bgigposs- Coupl ed
inverter type sense anplifiers, that are comonly used in DRAM devi ces)

are particularly prone to saturation. In another aspect of the present
i nvention. theegf@nRnt cRthbeleght iGBRAGLR] KOOuSkEnaldifierhttdnen t echnique is

provided 35 ];n%rlf't.fr%glr'scéoﬂggeaﬁt% oS, &tmatr\ﬁé%@gn& Qgecmrlﬂ liderb@ thO bit Iine noise

before it can is a schematic

di agramil| (FEMPAINS FRY28CE P et t’\' ya“%?ﬁ?}é ’B?Wﬁ”h‘ﬁ Hgl'sscg”q%jdum ng signal
i nj ection i ro tedict bibline &6 widttha Forddin©?y. 3dOBh PLTIOWS0IBDPIS9 one enbodi ment of
t he present dfamﬁbhal@mmsemdgl tbft waltaed typaaldi fefoarpRatd @bh sfense  anplifier 64

i's coupl ed ttf?e@ungo%t eéougléag e é@reﬁmewﬁe&greeh mjﬁo Likingr 68 for conparing
vol t ages ther pled to the first

0
bit |ine 66 ]?Hlff"f’%“ 3%?%°qurﬁ§§%‘f=wﬂfdt ﬁ%ﬁé‘ﬁ %89“’@?@\@ H‘a nunber 5 of
addi ti onal DREANNE featt preglening cahi 824 8449 woupladymsagtadfithe bﬁém@éépl ed to each of the
bit lines 6G3. 6f dufmylceiash, Bne daf el ehcant®h vorldine {dn)iss. coupl ed to each of

the it ling r cd w0 and dwl) 78, 80.
In Ogddlt Or/]qsssﬁogm 321%1 (ﬁ‘x%%%alds%% sﬁa?&%r&% (915 gg pﬁﬂ&sitﬁé% o each 012 the bit

G
lines 66, 68h “"Ft‘?ésc’ﬁﬁﬁdrﬁ e@é‘felgép‘é@ 7684“%@“5’5&??5{5 7§d 8% common word Iine
(dm) 86. 10 dismy laciarf2. Wawth chersn/in seistentBly thg 4anshiashéos aa theormon st or age
capaci tor 8&rAMmeMéry elan associ ated reference cell 74, 76. The reference

cells 74, 76 anq:&m;n;vm%ﬁ% égrﬁﬁmfgﬁm acsale%m&e@orw gubstantially the same

fashion as the tim ng di agram i ncluding a

sertes of wdlrslrads g opsieen © th% ci'r?“l't[}’s? d%% []LWég SHgarda?perB% of the circuitry of
Fig. 5 duri ngyolying thad@RApemantcnous!l 79. ndighaticpioningné hpRagataeiisr y cel | 70. At the
begi nni ng Of‘edulilﬁe’odhel“ﬁﬁrf’@i@nalstd’rl@ﬁled eqaad huzessiandhé tagudtibe”si gnal s are fired in

rapid succesph ol IEriedahiag o t§éﬂ@%m§@ﬁt§ge?@§hv£fz lhe bit |ines 66, 68

to a m d-poi a ratlon of the sense

e [13 ”
anpl i fier GAUPPqThRPeraf heé‘%wppfceé %J é‘a tig ?E’?a[ﬂs’éﬁg tﬁ} offsets in the sense
anplai fier G4y Ebntetii the sae domliertd. “Sevjeiiare dung e “equelizFner pul se, the dm
signal is figige pliee, AEth Yighabis ke toaCHaS She hécass BBk Sf 10 twohe two  dummy cel |'s
82, 84. Con%%ﬂw@%]m §4hec§ngéan§a9$ tf;@a@rguthsa%,@@as 99 Phnet he dummy cells 82,

84 charge u correspondlng bit Iines

66, 68. SUbg@EI'ﬂ%FFFFSyE i qﬁfﬁeslfpg%aﬁ‘ |%Tesf"ﬂeirwgﬁﬁeo¥all”e

corresponding bit lines 66, 68. Subsequently, the dm signal is turned off A

25 short time thereafter, the word line 72 associated with memory cell 70 and the
dw] line 80 associated with reference cell 76 are fired at substantially the
same instani. Because the reference cell 76 shares a storage capacitor 90 with
the dummy cell 84, the voltage stored in the capacitor 90 is coupled to the bit
line 68.

30 As shown in Fig. 6, by turning off the din signal shortly before firing
the two word lines 72, 80. a cancellation signal is injected inlo each of the bit
tines 66, 68 (i.e., via the wrile line to bit line noise mechanisms) that reduces
the voltage on each bit line 66, 68 by a predelermined amount. The
subsequent firing of the two word lines 72, 80 then increases the voltage on

35 the two bit lines 66, 68 by the same or a similar amounl, via the same noise
mechanism, thus resulting in a significant reduction or cancellation of the
induced noise component on the bit lines 66. 68. More specifically, the noise
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25 short tine thereafter, the word Iine 72 associated with nenory cell 70
and the dwl line 80 associated with reference cell 76 are fired at
substantially the sanme instant. Because the reference cel n76fghgpes a
storage capacitor 90 with the dumy cell 84, the voltage stored in the
capacitor 90 is coupled to the bit I|ine 68. 30 As shown in Fig, 6, by
turningw§%%3ﬂ@e dm signal shortly before firing theusymiaerd |ines 72, 80,
a cancellation signal is injected into each of the bit I|ines 66, 68 (i.e
via the wite line to bit line noise mechanisns) that reduces the voltage
on each bit célhﬁﬁen@ﬁjectﬁgonh)ylh@uppél%ﬂﬂﬁeﬁﬂﬁrﬂ!ﬁl@de ameigm tranfibeéns subsequent firing

OF Lhe b"C 3B BB 12 08 Qabd\EheL NETERSEMOLNR HRLhaAg on 35 [he two bit

lines 66, 6 % Vi a ane noi se

mechani sm ﬂ‘Bﬁ‘jéd Pe U pRg Gitnling &6 Yip F'lecséh’ff' e tB?Jc‘?/P’idolWeJ cancel l ation of the
i nduced noi srenstiomfemenibw gaiuc the high vallei Sglahe the@gse dppwedpeci fically, the

noi s¢ 9 WO (ﬂ%e’c%m@th%{/em%é &L R0 the ARRRAS Binstibs@ehadigpnt 0 the upper bit

line 66 Vmeraa]uelhteaqora §a tgggwilé tﬁl?ﬁbﬁetﬁ&ﬂﬂﬁ nt {n_[eam (ﬁltomuglla\vé‘%hue to a |l ow val ue

cancel s the no g ?/ nj e Pnto t he upper bit line
66 when t he & %‘&ire“éfﬁ stepdl opdlied™ i "H% Grpo eﬂ‘f‘e&tﬁ tfaf"i“bo% "P8m a | ow value to a
hi gh val ue. I8 vaueado 4 ¥igh tahe. Fbissiee oonp offishis torefiugg ercdlimipaiont o t he | ower bi t
line 68 whemetyag IfBoHitGRAoist Eodipbichts BTtGe Bif IO 63, dBiaghthersfakue to a | ow val ue

can&el Soahteﬁ:gggd\?\ﬁtlylr cIEE’queg%uLEU o%gatttﬁﬂmgmg &ngegﬁ{)ll iR bi t line 68 when the

si gnal %qg 'ﬁ ¥¥ran5| I oNns }11’ a lowvalue to a
hi gh val ue. Thuds dispssedpeyiqysfy. bregusgihe Pit lipeg caneogert 80 881 ni nate  the word
line to bit meialieationiages ivaxpdmentity tigrinvestion Bictampimelovrdaline 68 and therefore 20

si gni fi cant kit REKER iddhRd IntdeadhibhaRe0ds vaRrtideratupinghd ther gense anplifier 64.
AS dl Scussegacﬁ)ri)?\ﬂ'leokl§ lllXEfS ap%hcatg§5§é)¥)lnPWP¢]tthe AS%@%‘ZC&%MO%QI‘ on dl ffer ent

metal lization laye i nvent |(§ the ambunt of wite
lin® to bi ﬁc‘foquf@'ynﬁ‘i‘@éleldﬁﬂfﬂt@éfs F‘ﬁ't’&fe'"é%FEﬁdﬁl“'?" bo Rei%sE foreg wi I depend upon

the layer otachendie 6f 6&thecchint fof fiffesnt dyers. h@uanﬁh@nmrme”w th the associ ated
word lines. 7(1§FP?§§%rcgﬁﬁIw|td’a bit Tk Selzibr@ ortianipder Gekilisatianayer, f er ence cells can be

provi ded f oy, each an(%ﬁfe &%ﬂl@ghggﬁel&tgdQ]FﬁQHtﬂérsfdQBthéJeﬁs@rem | ayers. Thus,

if the rrermry ACAN IS cou Ei? i ne segnent on an
upper met al PPRiEE Wh?té?éP”PlﬂS HDWE&P@PED% SR aé'ﬁﬁt@"cell can be sel ected
on tthe ot hefiysi de of the sense anplifier 64 that are coupled to bit line
segnent s on AtRgSRaFeRRiAkltion Rk b des@bed ay@fjuncthh Wit ugthint he present

I nventi on h%ﬁ?otaef‘n%ﬂt&qﬁ fole Qﬁ%rs??ﬁcﬁﬁm&t'ﬂ%lb Andati Qmﬁ@rﬁatyaden enbodi nents, it

is to be un t1ons ations may be resortedto
Wi t hout dep&Fichdp VioHs ‘Eeﬁf’ét'@pff"f”i © 3 aggécﬁge %rthet 'ﬁéenr én%/l on as

those skilled in the art readily understand, For example, the inventive
25 principles are not limited to the use of two metallization layers for the bit
lines in the device. That is, bit line schemes using three or more metallization
layers can be implemented. Such modifications and variations are considered
to be within the purview and scope of the invention and the appended claims.
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those skilled in the art readily understand. For exanple, the inventive 25
principles are not limted to the use of two netallization |layers for the
bit lines in the device. That is, bit line schemes using three or nore
netallization |ayers can be inplenented, Such nndificatl? and vari ations
are considered to be within the purview and scope of the éﬁiQEMSand t he
appended clains, 10 1 5 FEB 2005 What is clained is: 1. A dynam c random
access nenory (DRAM device, conprising: a sem conductor substrate; a
plurality of menory cells on said sem conductor substrate to store digital
dat a mﬁthin said device; and a plurality of bit lines coupled to said
pIurﬁ& nnry cells, in an open bit line architecture, to carry data
to a 3 menory ceIIs said plurality of bit lines occupying two
or nore dlstlnct netalllzatlon | ayers above said sem conductor substrate,
mher &l nAAlayh&REL AREMITERBIY Gilrlor) MO REHER! b¥pingMerTOr Y Cel 1S 1S
directly connected to a correspondi ng 'l ne por? on a first

met ald demabh@itck 8yetrate:and at | east one ot her nenory ceII in said plurality
of menory cells is directly connected to a corresponding bit Iine portion
on a aggwalidofimatradry celatanamidl seynéenducteh evbstrate astoresiigitelnthtaret al | i zati on | ayer
is dNﬁh@ﬁ@ﬁﬁeW$bﬁwtaid first netallization | ayer. 2. The DRAM device

claimed in cla eln sald p ura of nenDrY ceIIs i ncl udes a
flrs@ y e “;E |t| h coupled to a
cu t$3§§ s i er bOV iﬁ@e gght to said second
”em)r wﬁ’é’renﬁ ||n menory cel |l being
bit

di re@tr mye&measa%daé&reapofnu.hé etpohnoﬂ nEQ| h@&umo 'Idi}ersa' d plurality of
bit lahdasleadt®ns atHdr FREPACITEATBLY pRitlily ddeididndédiew dicgonnected to a second
bit cbineetepds biocoiespobding)bis dmedpdatianr & & tsgconltl ndtdllizbtionelayersaid first bit |ine
por t mberelresaigsesnncamedtiilitdtion dayer isedifferdnt frahisaid firgtyeatallization sai d second bit |ine
portieyer. 3. The DRAM device clainmed in claim2, wherein: said plurality of
nennry cells includes a third nenory cell that is also coupled to said

di t 1 d d [ 1 dthird
ooy BT RS SRTFte FLbIEE A (o a third bIt || ne portion in said
p| urgi a(Htf ano)g inclSdbs er'n{eﬂjn Qiﬁ]lﬁah{]g BN "rt%ﬂleq-%e' ng on a different
tlrh

met a Qcoﬁﬁb w@@qgg rs 4. The DRAM device

cl ai aagcelnnto @ldéb d &SR LAl orSetlicTsefliohgLckr bu rBt@ mﬁﬁrgton i's on the same
et akemaBtden Beih@yligstpsonaadtsh thiarfedt biblide dortvR withiafshid Qrurality

of bit lines and said second memory cell being directly connected to a second bit

line portion within said plurality of bit lines, said first bit line portion being on a

different metallization layer than said second bit line portion.

3. The DRAM device claimed in ciaim 2, wherein;

said plurality of memory cells inciudes a third memory cell that is aiso coupled to
said common word line and is adjacent to said second memory cell, said third
memory cell being directly connected to a third bit line portion in said plurality of
bit lines, said third bit line portion being on a different metailization layer than
said second bit line portion.

4. The DRAM device claimed in claim 3, wherein:

said third bit line portion is on the same metallization layer as said first bit line
portion.

5. The DRAM device claimed in claim 4, further comprising:

a conductive shield member located on a common metallization layer with said

first bit line portion and said third bit line portion, said conductive shield member
being located between said first bit line portion and said third bit line portion,
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5. The DRAM device clained in claim4, further conprising: a conductive
shield nenber |ocated on a common netallization |ayer with said first bit

| ine portion and said third bit line portion, said conductive shield nmenber
bei ng | ocated between said first bit line portion and said irﬁrﬁfgnt3$ine
portion, 11 1 5 FEB 2005 6. The DRAM device clainmed in claim5 mherg n:
sai d conductive shield nenber is vertically aligned with said second bit
line portion. 7. The DRAM device clainmed in claim1l, wherein: said
plurality of bit lines includes a first bit line having a first segnent and
a second segnent, said first segment occurring on said first netallization
| ayer and said second segnent occurring on said second netallization

| ayer ¢ HaigkAn Ee?ﬁce c?‘aﬁ%ﬁﬁ'[:lau%eé 0% I%f??nductl vely coupled to said second

segrrent t hroug I nterlayer {Fansi ti on, said DRAM devi ce further

CONpr k& REnduchRl Sidd FRIBEY is J’é@t}éblwgali@néchwrttd sS8GEERRH fhed fourth segnent,

sai d pétierd segnent occurring on ‘said second nmetallization |ayer and said
fourth segnent occurring on said first nmetallization |ayer, said third
segnent_bei ng conductively coupled to said fourth segment through an

i nt erYaWPﬁA%’h@‘%’ioﬁlcb'ﬁned\m@?'m hwsered: first bit line and said shield nenber
tw st 8 Th DRAMdewce clalrredln claim1, wherein:

t ione oth
sai d ecom@ g’,ié’ a| % a firs §?9 acell and a second
Menor Y. G % A % F %ﬁ ?@C 8 § SI "Substrate, said first
eI Yeohfehl bell§ g&gd {j | said plurality of

bi t |ihi%ﬂ§yeaﬂ|@n§@dn s§i@C E@rﬂYrth‘éPc m g %ﬁfaﬂaeﬁ% {0 a second bit line
Wi t hi mavegi Adthpd esgdhdrit ¥ndh idirth b8, saiSAIrdl sédnicht odtutring 'oﬂe having a first
segnesdid sevdndreatiestdn Segmemt said &udh tédrsdnt segmagon shRifig cl oser to said
f|rstmﬁbmvm%péeedSmmﬁmﬁsawﬂbﬂbammdx@egnamtpmmﬂndsa&&mﬁd bit I|ine having a
t hi r dse§ ugineh iatefiaygr transiery mbanein saiifigst bihiinedand egjdemeldbei ng cl oser to
sai d 'SeBBHIVRERBYYPNRaNtherhan said fourth segment, wherein said first
segnent of said first bit Iine and said fourth segnent of said second bit

l'ine Q%QBRA}M&U chgﬁ{eglf&g"%t %Ft allization |ayer of said device and said

second segnent sal TSt DIt Tine and said thi rd segrrent of said
secong, obdllﬁra 81% Eeménlﬁcmd@s § PsmeR&G AP AR &l w?@dzrﬂé | ayer of said
devi cRll tt a O6i $18tHE) 34 TBA sl LA Bret RBGI A Sai d first and
secortréur@eygmtedacﬁ amt bit frierv@thinkiald plurdgy @bﬁlu&'e@l%@)ébuﬂ%@ha equal in length.
10. ThendRAdM iskingi coenecteditore decond olt dnemwvithin ssldegl@blty ofdtilidespl ural ity of bit
| i nessaldrfiestipif éne having edirst béamdnt ansl aasedoral ssgmentdsa firstisbgrasnt

being closer to said first memory cell than said second segment, said second bit

ine having a third segment and a fourth segment, said third segment being

closer to said second memory cell than said fourth segment, wherein said first

segment of said first bit line and said fourth segment of said second bit line occur

within said first metallization layer of said device and said second segment of

said first bit line and said third segment of said second bit line occur within said

second metallization layer of said device.

9. The DRAM device claimed in claim 8, wherein:

said first and second segment of said first bit line are approximately equal in
length.

10. The DRAM device claimed in claim 1, wherein:

said plurality of bit lines includes a first bit line and a second bit line;
said plurality of memory cells includes a first memory cell coupled to said first bit
line and a first word line and a reference memory cell coupled to said second bit
line and a second word line;

said DRAM device further comprising:

12



said plurality of nmenory cells includes a first nenory cell coupled to said
first bit line and a first word line and a reference nenory cell coupl ed
to said second bit [line and a second word |ine; said DRAM dg\ uhther
conprising: 12 5 FEB a differential sense anplifier coupled to sai d“kid st
and second bit lines to conpare signal levels on said first and second bit
lines; a controller to change a signal |evel on said first and second word
lines during a read operation to activate said first nmenory cell and said
reference nmenory cell, said changing signal |evel on said first and second
wor d Iines i nduci ng noise into said first and second bit |ines,

respe Vel ¥ ans(gaa ise ) S%SSE'%O%MOM "geo said first and
seconé E @%’% %ﬁa@ﬂgbn é’aﬁﬁ PPERY St YIFAIC $MP8Ceach of said first

& .
and s&¢ OFV |ner'§5 ring said read operation to reduce the effect of

noi se a‘@bﬁtl’ﬂllé\' 18 @hdhgb lalsignaBiBit| S126HM sttt sbédA8Svordlihes Aling At €grated circuit,
CONPI rezidb@eratich 6 AEMARIAIT R metdBSdell ah®said REHIENCE Infefidhldey, On sai d

sem ceaduicdnging Sighstiaval @, saitidfird ahdggcondCword Uhdsriyducing hoisd A a plurality of

| ogi csyafirstandtsatondditlingsnickpagtivelt andcast one | ogic transistor; and a dynamc
random access nenory (DRAM device on said sem conductor substrate and
coup Iéd‘o'ﬁ%r%’ai’tlﬂ’”lsé %te@lct%ﬂ?ct‘io a@d'“%?@ﬁ/?%@”‘ﬂ%&'@e%todw @ capabilities to
sald £ Ft’La“ F'E 1‘ z °£ aﬁ @ ggoad jbjf din C?j %i't al‘?rallty of nmenory
cel | s°TD7HEL° 0§ 8L 9 DYRNERR A JB 341589 WP digital data
within said deV|ce and a plurality of bit lines coupled to said plurality
of nempmm,ﬁ&h&gdmhmﬁqgmgﬁﬁ%:bit line architecture, to carry data to and
fromsaid nenory cells, said plurality of bit lines occupying two or nore
di st i as¢minmidatibi wiastratn | ayer s above said sem conductor substrate. 12. The
integrated circuit claimed in claim11l, wherein: said logic circuitry

i ncl uleis cireriicuen isgid Semicendsiclon eestate osaid ledigttuitel inclodiopbe el enents wi thin
sal d ﬂP@Ptéqut'W'@an’!eégth%t @a&f‘e'gc'u‘@aﬁ*d'eéﬁin‘éﬂ?cpg'vetrqnﬁ'ﬁ*e'h @ddnects i ncl uding

Wt h| n sal m?[é inct netallization layers. 13. The
egmit;r Pl ety H’i‘,ie SETE TSR ural ity of remory
tr 85” ! %dd § econe cell that are
coup e I ne sala first menory cell being adjacent to

sai d 59@%@ dmamdfy @@nlslforﬂ@d 2ol A€ B AEEHILAbOL SRS Iy A4, said first  nenory
cel | hgtangatalivitiectdiydsmanagted to a first bit line portion within said
plurality of bit lines and said second nenory cell being directly
connez ple@lity of bit linge opugleldite said plurality of memory cells, in an open bit line

architecture, to carry data to and from said memory cells, said plurality of bit lines

occupying two or more distinct metallization layers above said semiconductor

subsirate,

12. The integrated circuit claimed in claim 11, wherein:

said logic circuitry includes conductive interconnects to conductively couple
elements within said plurality of logic gates, said conductive interconnects
including portions within said two or more distinct metallization layers,

13. The integrated circuit claimed in claim 11, wherein:

said plurality of memory cells includes a first memory cell and a second memory
cell that are coupled to a common word line, said first memory cell being
adjacent to said second memory cell on said semiconductor substrate, said first
memory cell being directly connected to a first bit line portion within said plurality
of bit lines and said second memory cell being directly connected to a second bit
line portion within said plurality of bit lines, said first bit line portion being on a
different metallization layer than said second bit line portion.

14. The integrated circuit claimed in claim 13, wherein:
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line portion within said plurality of bit lines, said first bit Iine
portion being on a different netallization |layer than said second bit |ine
portion. 14. The integrated circuit clained in claim 13, wherein: 13 15 FEB
2005 said plurality of nmenory cells includes a third nmenory cell that is
al so coupled to said common word |ine and is adjacent t ol éa?ﬁBs@ﬂﬁnd
menory cell, said third nenory cell being directly connected to a third
bit line portion in said plurality of bit lines, said third bit |ine
portion being on a different netallization |layer than said second bit |ine
portion. 15. A dynamc randon1access nenDry (DRAN) device conprising: a
sem c bstrat urallt ranged within rows
ond S LIRSl S ff@ﬁz%g °°°§‘f'f£% drgital data wihin
sai d gFRMbiGel YRS @“l'é&tlgp&ﬁme thitP Imgf% al 4 each row col um
rn’ie%{all Qt‘icﬁn %@[

j unct pif fies@sdid tira!bittike Pbriibh bei Qﬁﬁ% &lﬁbr fromsaid plurality
of mesaM yecomd bisine pedieh col utm of nenory cel |'s bei ng connected to a common

bit line within said plurality of bit lines; and a plurality of word |ines
to selectively activate individual rows of nmenory cells wthin said

pl ur ald AydypRmigeandey ageask glemeidRRAWW syice sempisingcel | s bei ng connected to a
common word |ine gﬁthln said plurality of word |ines; wherein each

succe® SVETHHANTYOLRIT Wi t hi na first row of memory cells is directly

connegt Iﬁ;{)oﬁ rpén]ior c@ﬁ's 95 %Phtha%ws c U hs]:f rent metal | ization | ayer
than ghidhdlddeBgrad W nle Ixat .wo S memory cel | within

sai d mfsr\wér?'ﬁ:elh@\é‘sé%la{é@mﬁ ¥ad’?1er Rolurk deV' ce clained in claim 15,
wherei n: each successive nenory ce W|th| n each row of nmenory cells is

di r ec4 pipralityariimé dihedtot @@ obtattolanﬂeroposatd pltrafith af memofeeds, di f f erent

met al ¢&chk gblumn of engeworyt debaindocdnnedtednte ap@rrnonrbitding e4tihih yaisonnected to a

pr evi Buglitnefhiilipescend within said row. 17. The DRAM device clained in claim
15, mhereln said plurality of bit lines includes a first bit Iine having a
fir st?"ﬁ1 (A “@Fﬂj" s tg gelgsitely @ %Wt'”d'%ﬂabf%srfétm@é@h@ﬁ% bei ng on a

di ff el k S3rek!y Pt 2 TFﬁﬂypigeﬁa H‘%O %Pﬂy§@56ﬁﬂg§@ﬁﬁﬁﬁﬁ wherein said first
segnmeRf PEMLBWGITINE W) s BF@% %" second segnent using an interlayer

tr ansjferf cadfkdh %’A\Jg dey r?ecel%| f[nes flrs(t; 00"k S n}acalgl §| d menber having a
thir ddw%&@%ﬂﬁec?é@ 0% bl PbrifRAARNE on $3differert hhdtdhiz2 occurring on the
sane @t &bl iz bbroch hlfb)éﬁh}’c@ﬁec&@d@éﬁ@ﬂa SEEHRRE! w nsaad first bit line and
sai d firunt &f nsegmeediisoccurring on the sane netallization |ayer as said
first segment of said first bit line, said third segnent being

16. The DRAM device claimed in claim 15, wherein:

each successive memory cell within each row of memory cells is directly
connected to a bit line portion that is on a different metailization layer than a bit
line portion directly connected to a previous memory cell within said row.

17. The DRAM device claimed in claim 15, wherein:

said plurality of bit lines includes a first bit line having a first segment and a
second segment, said first segment being on a different metallization layer than
said second segment, wherein said first segment is conductively coupled to said
second segment using an interlayer transition, said DRAM device further
comprising a shield member having a third segment and a fourth segment, said
third segment occurring on the same metallization layer as said second segment
of said first bit line and said fourth segment occurring on the same metallization
layer as said first segment of said first bit line, said third segment being
conductively coupled to said fourth segment through an interlayer transition,
wherein said first bit line and said shield member twist about one another.

18. The DRAM device claimed in claim 17, wherein:

said interlayer transition of said first bit line includes a via.
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conductively coupled to said fourth segnent through an interlayer
transition, wherein said first bit line and said shield nember tw st about
one another. 18. The DRAM device clained in claim17, wherein: said
interlayer transition of said first bit line includes a \1i g;:%g Qg FEB

sai d plura

2005 19. The DRAM device clainmed in claim 15, wherein: i'ty of
menory cells includes a first row of nenory cells having a first cell, a
second cell, and a third cell, wherein said second cell is adjacent to said
first cell and said third cell is adjacent to said second cell, said first

cell being directly connected to a first bit |ine segnent, said second

cell [ jrect| connected to a second bit |ine segnent, and said third
cell g@ﬂﬂ‘g D%ﬁp’g‘get"l ClalIHR SRR % 8"e® P hi rd bit |ine segnent, wherein said

firstsand, ggmckrofﬂ on) &8 inc RER R S1R Werf) Aud ggv?nt m%ta' | ization layer and
sai d sgCaRdediliiceh, NG SRAEN wnddSift Yhig seidndt ¢ ﬁf%@ cemg%aia d zation layer that
i's di filseedndldaRMthisdibdl it labptent®S sdid 5&dhd 84l sai@¥iRf cellddingThe DRAM device
cl ai neikctipn conrattall 19.a first bihfie Sayfiahi, $hil BecéhdCa dedlgl dectiyhi el d nenmber on sai d
firstcopbabd itz at sannd djteinebsigweat apaididf thiré tcell deEgtdiietty bit |ine segnents

t o reduwectedlpla thid et ineepegemeint Whereit saiddfirsthanadthipdl tbit] iree  segnments. 21. A
dy nanf/Imeaisdesavraice gt m?t@ﬁi@ﬁ(?? BrranVpnddeald essondtbihine ssigmgnt a plurality of bit
| i nesOEHE 94 aeaensl metglizgtionayey that is ddferent fraahenid fretatallizatiogt or e digi tal  data

wi t hi #¥¥ai d DRAM devi ce, said nenory cell being coupled to a first bit
line and a first word line; a reference cell to store a reference val ue,

sai d é@ﬁﬁé@ﬂﬁmcﬁﬁkémgﬁhaﬂwﬁﬁHHP. n&ﬁc&nméﬁgond bit line and a second word

line; a differential sense anplifier couplé&d to said first and second bit

| i nesa conduetieasheld Bie@be onl eNEliSt MBtamaiteh fayéstenadtd sarcmad bit lines; a
cont r ard teird bivline kagrgentatosediiea todpivehetwsensaiddirst aidthirabitingecond word | i nes
dur i ngeganentsead operation to activate said nenory cell and said reference
cell, said changing signal level on said first and second word |ines

i nducj ng noise into said first and second bhit lines, respectively; and a

noi se?t 8AYRITS FANERB S5<sEe MERBPPRAM: ¢evicsi Y™PI'$RE and second bit lines to

i njec , i Lgn into each of said first and second bit |ines
duri négp@gf'tg%fée%g@gg%dpdgé:%?f%%gﬁ%orwén&a’ce the effect of noise within said first
and seaRRABrDd th sBRSaigit datd MRniRAM sFeMh 66vic @hiiBinioR, &hai m 21, wherei n:
sai d ingraalpieytoffirfliblt lihd #R1% fRgtvofl IGEr | but ed anong a ‘nunber of discrete
netallization |ayers above a supporting substrate.

a reference cell to store a reference value, said reference cell being coupled to a

second bit line and a second word line;

a differential sense amplifier coupled to said first and second bit lines to compare
signal levels on said first and second bit lines;

a controller to change a signal leve! on said first and second word lines during a
read operation fo activate said memory cell and said reference cell, said
changing signal level on said first and second word lines inducing noise into said
first and second bit lines, respectively; and

a noise reduction subsystem coupled to said first and second bit lines to inject a
cancellation signal into each of said first and second bit lines during said read
operation to reduce the effect of noise within said first and second bit lines.

22. The DRAM device claimed in claim 21, wherein:

said plurality of bit lines are distributed among a number of discrete metallization
layers above a supporting substrate.

23. The DRAM device claimed in claim 21, wherein:

said noise reduction subsystem is configured to initiate injection of said
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23. The DRAM device clainmed in claim 21, wherein: said noise reduction
subsystemis configured to initiate injection of said 15 1 5 FEB 2005
cancel l ati on signal before said controller changes the signal |evel on said
first and second word lines. 24. The DRAM device cl ai medqi B EL&ii021,
herein: said cancellation signal is approximtely equal in magnitude to
said noise. 25. The DRAM device clained in claim24, wherein: said
cancel lation signal is opposite in polarity to said noise. 26. The DRAM
device claimed in claim 21, wherein said noise reduction subsystem
i ncl udes: a first dunny cell coupled to said first bit line and a second
dummy cel cou |d ) bi t and a control unit coupled to
sal d Figpg at',%?‘w %agg’ﬂ%e o rlcga'fgﬁsd@aﬁfma\/éﬁ’%' W33 5t st and second
YIRATT time prior to activation of said nenory cell and said

reference cell. 27. The DRAM device clained in claim26, wherein: said
cont r gk THEDRABCAVN-AERIM EaifniH1Sker@nd second dummy cells in response to t he
initiation of a read operation. 28. The DRAM device clainmed in claim?27,
f ur t heaid canqetlaten nggnabis epu@lirmately i egnaluini agnoutel ©dsdio nsiaé.d first and second
bit lines to apply a predeterm ned voltage to said first and second bit
lines in response to the initiation of said read operation, said
prede?%ﬂﬁ?H@dNVEWF%&émE@Whﬁm@ﬁﬁr@%F@Wtlﬂ n said first and second dummy

% Ipe NL q 4 %ﬁln claim 26, wherein: said reference
ceII %ad LT YB R ‘88 'Eé’ R 538 N9 omon st or age capacitor. 30. A
dynam ¢ random access nenory (DRAM device, conprising: a plurality of bit
IIneSzeilﬁerbhmge@&soeemednmﬂaﬁﬁq of, dneﬁ-&ﬁ LR MEiAkddgRpi on 1ayers  above a
SuppOmeﬁgyﬁmgﬁgéﬁle a plurality of word Tines di sposed above said
supporting substrate; 16 5 FEB 20D5 a first menory cell to store digital
dat a avitshdumrsyacedl cBifAd tdlewid diest bis Briethntliar sstondnaampiy\telt dupleBiei ng coupled to a
firsttolskid se¢ane bigink; and i rst word line; a reference cell to store a reference

val ue, said reference cell being coupled to a second bit |line and a second
word % chgol unit coupled to said first and second dummy cells to deactivate said first

and setond dummy cells a short time prior to activation of said memory cell and
said reference ceil.

27. The DRAM device claimed in claim 26, wherein:

said control unit activates said first and second dummy cells in response to the
initiation of a read operation.

28. The DRAM device claimed in claim 27, further comprising:

an equalization unit coupied to said first and second bit lines to apply a
predetermined voltage to said first and second bit lines in response to the
initiation of said read operation, said predetermined voltage being stored within
said first and second dummy cells.

29. The DRAM device claimed in claim 28, wherein:

said reference cell and said second dummy cell share a common storage
capacitor.

30. A dynamic random access memory (DRAM) device, comprising:

a plurality of bit lines distributed among a number of discrete metallization layers
above a supporting substrate;

a plurality of word lines disposed above said supporting substrate;
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a differential sense anplifier coupled to said first and second bit |ines
to conpare signal levels on said first and second bit lines; a controller
to change a signal |evel on said first and second word lines during a read
operation to activate said nenory cell and said reference ﬁﬁ%l @ bﬁ
changing signal level on said first and second word |ines i Jg% g? %ise
into said first and second bit lines, respectively; and a noi se reduction
subsystem coupled to said first and second bit lines, to inject a
cancel | ation signal into each of said first and second bit lines during
said read operation to reduce the effect of noise within said first and
second bit lines. 31. The DRAM device clainmed in claim 30, further

Conprésfﬂré?gnen?obgélp%ds sqadbgfl G&ll gﬂgﬂ% ggngRAtl\pd?@%g iy oL, menory cell on said

SUPPOkLMBY ceff doBbid t coupl ed to said first
wor d mergacf‘re\ Ohll’doblt |ne V\,hereln sald th|rd bit lineis on a

di ffea mﬁérelﬂﬁtcéil ol sté b eTereRILBIaluE QI refefinde EdiMeingRbipiddtpe. 32. The DRAM

devi ceecohdhbitting antha edécahdwadd,linsyher ei n sai d noi se reduction subsystem
includes: a first dumy cell coupled to said first bit line and a second
dummya gierenigpsasse amplifier epaplgd toeseisifiast Bhd sdcbrikbit lapsitogcomparer ol unit to
deact?'gﬂi’i'é"%sd‘?rdsqqfF%*tanﬁﬁ‘?PoﬁféE'blﬁﬁsdumry cells a short time prior to

activati ai ? 33. The DRAM devi ce

cla g“f"ﬁtﬁ%ict.vmgtziv'°"S%EL§ %ag%rgm Vel 1 is directly

Qgr%@ e%l%ﬂ S5i§ R Jégorpj 'Il’{‘ég d88hg A Qs 19' d first
rret aI firbtZnd 5&Jand BiY Bies I¥spébiielyO4HAECT | ON and said east one other nenory
cell is directly connected to said correspondlng bit line portion on said

S ec ondnaiet radidctigragubeystdna elipldayto aid fispandastdnabit 1, toTiet bnt egrated circui t
cl ai needceliptianl gnal ibib, eash ef eaid firshibnd setd bihneseioonmgysaiketdadi N said plurality of
menorspeEtpn i redice theerifedtpf paiservdbinedidtficst asd ssepnddaitpioerdi ng bit |ine portion on
a first netallization |layer and at | east one other nenory cell in said

I | | ted t di bi t
i e Hort BrA T Foae Ry ™ A T eT GHAEer , wher ol n said Second”
rretal S bdaddhf | ega%\tf fremos2id d i zation layer. 17 1
P R ) Bl o 'fféu e i GBS devi co compr 5i n:

a serfmfaomdnu@t @ﬁerslutsatdrtaﬁoem mnen& Yha dlﬁeYer@f'nefHﬁlﬂQfoM 15} {hsnon sai d
sem camdtbolinesubstrate to store di gital data within said device; and a
plurality of bit lines coupled to said plurality of nenory cells to carry

data to
32, The DRAM device claimed in claim 30, wherein said noise reduction

subsystem includes:

a first dummy cell coupled to said first bit line and a second dummy cell coupled
to said second bit line; and

a control unit to deactivate said first and second dummy cells a short time prior to
activation of said memory cell and said reference cell,

33. The DRAM device claimed in claim 1, wherein:

said at least one-memory cell is directly connected to said corresponding bit line
portion on said first metallization layer by via connection and said at least one
other memory cell is directly connected to said corresponding bit line portion on
said second metallization layer by via connection,

34. The integrated circuit claimed in claim 11, wherein:

at least one memory cell in said plurality of memory cells is directly connected to
a corresponding bit line portion on a first metallization layer and at least one
other memory cell in said plurality of memory cells is directly connected to a
corresponding bit line portion on a second metallization layer, wherein said
second metallization layer is different from said first metallization layer.
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and fromsaid nenory cells, said plurality of bit |lines occupying two or
nore distinct netallization | ayers above said sem conductor substrate;
wherein said plurality of nenory cells includes a first nmenory cell and a
second nenory cell that are adjacent to one another on said substrate,

said first memory cell being connected to a first bit lineq tpE dﬁ@gd
plurality of bit lines and said second nenory cell being connecte

second bit line within said plurality of bit lines, said first bit line
having a first segnent and a second segnent, said first segnent bei ng
closer to said first nenory cell than said second segnment, said second bit
line having a third segnent and a fourth segnent, said third segnent being

Fi ot 25 ARl SER e PRy Br i B8 38R Ly Cagment of eai o second

bit |Le&niceiGitber shbdthikdd a first netallization layer of said device and said
second segnment of said first bit line and said third segment of said
second platdityl of rRmeeCistls Bh tdd Berficorslectondlibstettelol stazatiigitn dhtayer of sai d devi ce,
sai d wigvosal deyicaldnidzati on | ayer being different fromsaid first
metal | ization | ayer. 36. The DRAM device clainmed in claim34, wherein: said
fi rstaaWEﬁ“Qétfé’ﬁdI”% It thpaid alueplityiof sremgnt cdlls frecasiy dlatolar oxi mat el y equal in
| engt 3 Eﬁ‘? ﬁ?ﬁﬁe v Pr fyn%f t “t’?e%Pﬁ?fi @"@M%\ﬂ’fem%r?n said plurality of
msm)r‘g)St@g el 80%33@(55 ov?éal’ ESBIINGIY" SHPHBS are arranged in an  open bit
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cell being connected to a first bit line within said plurality of bit lines and said
second memory cell baing connected to a second bit line within said plurality of
bit lines, said first bit line having a first segment and a second segment, said first
segment being closer to said first memory cell than said second segment, said
second bit line having a third segment and a fourth segment, said third segment
being closer to said second memory cell than said fourth segment, wherein said
first segment of said first bit line and said fourth segment of said second bit line
oceur within a first metallization layer of said device and said second segment of
said first bit line and said third segment of said second bit line occur within a
second metallization layer of said device, said second metallization layer being
different from said first metallization layer.

36. The DRAM device claimed in claim 34, wherein;

said first and second segment of said first bit line are approximately equal in
length.

37. The DRAM device claimed in claim 34, wherein:
said plurality of memory cells and said plurality of bit lines are arranged in an

open bit line configuration.

38. The DRAM device claimed in claim 34, wherein:

said DRAM device is embedded within logic circuitry,
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