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TI TLE OF THE | NVENTI ON [ 0001] MEMORY CELL HAVI NG AN
ELECTRI C FI ELD PROGRAMVABLE STORAGE ELEMENT, AND
VETHOD OF OPERATI NG SAVE BACKGROUND OF THE | NVENTI ON 5

[0002] This invention relates to a nenory cell, array
and/ or device and nethod of controlling and/or
operating the nenory cell, array and/or device; and

nore particularly, i ATTUEOF IHEANVENTION nmenory cel |,
and array and/or device including a plurality of such

[&ﬁﬂglr y ¢ eﬂdlalvcl(? ﬁf‘%ﬁr}ﬁwﬁh& RQE *Iﬁ%lﬁkﬁcﬁmlxdlﬁ ShS&E ELemENT,

an ectric RLOR: BrerarilG P&

el ectrical charge Ich'is representatlive of a dat a

state. 10 [0003] ﬂ_{i?k%R@ﬁﬁdmyn—gi g\f\%ﬁﬂbl\; ypes and/ or

fornms of nmenory ce arrays an evi ces Such

devices may be classified generally into two different

(0093 s, Thisripyeptiomyelates faa memerysglhipprand/erdavied and methediof

?ﬁﬁﬁlﬁ% %ﬂﬁfapsyerétxng%%&n(ﬁfgellsgﬁéfy' a‘ﬁd/oﬁﬁ@%’ &Hdcivore pdHedUrdY, in one
and hon-vol or exanpl e, read only

appeatp foya herma/icyll, aed ereayrand/ar daywp Ansdpdingrpertiyrality ehgncl meylory cells,

v&pﬁ?fogg{ téﬁ%lgﬁgwel% %?cgﬂﬁgi}ﬁ!ﬁe %%Eé;&@hél& B%%\/Iﬁ?‘?u% film to store an electrical

ctwee which sepresentativeyof eaptastatear r ays and devices are

cal
D03 2 b B e B8RS ABRBAREL, ar R dovice.
Spoit ge-vmeygmﬁbd: ¢lamifisd gq:m;mﬂy 1r(t@5@ differient typeamainely volatile (for example,

Ay S T A R RS R s, v

nnmvoltayle (L‘Ek bxanipdey eeath en’lm nteehyn{'BOM"Y, ehandlcalbmmmaminatblb read only
succe

meimg bN{; E’ anX elecqn?a]ly erasgg?ﬁ %rogralaglagle onlg i e’mogy ("EEPROM")).

|nc arc |te

(dmvmubyal mmt)r@lmtaﬁaysandi dt\edeahre\xﬁhgalm |fzgnlmczitetbm|a®ae plane approach,

an(? teSentl I\/Promql\lloergdmc m terla sucf? as mono— 0 Vorly Alti me sﬂté/opl (See, for
HD & I Ces; ?res% Cl I cul tr %U%f %

exanoe, p%ubﬁdhe@lUtSo Pmemsﬁtp@hdzduyﬁ per4/ads I93Iah9'6 7€0,3840r e

[{)}ﬂ)&gl pd l h01r11gh devwes 1%Xdu£§dx%§ gliﬁgnr%yygc%}%g ﬁarvte ?éerr]ll tg(gplcz(\)ﬂy anat

caniehietciiablig sucabstshﬂ),uljﬂy haeer i aumber of @gn«airmmgs mlelnémg iferexam@ple, complex
be. achi devi, c tend . t or .

op Bise<Piie BRSO Bt SEivE R ety Shrgont et Eipfpye. imthe case of

s6@é bolatdlb type %ﬁﬂoryﬁmvlceg; afefrbsh)’ cirduitty ostbe mkorporaled RRAM

t he ry.cell consists . of n access, transistor
PUSATREPPEPAATY fo- B FHRLion: SEHs By Tiog jssige BEriAyag gjheat dissipation,
tﬁxhhg' faﬂmpdw‘r eénsuﬁﬁlﬁi)na Ie @clﬂﬁtﬁnt ﬂfkl)mugﬂ”deﬁhin I(ljrﬁegrﬂibmﬂéﬂs&&d can be
or exa S | Con as .conductors.

agléf)‘ﬁfjai“é‘ad ?ﬂ%atea‘i* &V@dl“i‘fee of ’F"'B‘PC‘SE 3’[‘1‘5 respect E’rf[“’oﬁl?eo‘g ,‘he memory cell.
[0005] | deFoPéxaiPlEDinkedoh @ntibrid® DRAM, theTxhan@@pac&dnaﬁts 8t 41 RGess

an electric charge re nt.i a stab{m n& ry . .
tiapsister, typigallbutlt e the ﬁ%f??gfg ao%mg@%fwgl sijicon, walsr.apfa eagpcitor, which is

compiide@lof, if1Exhhifle, Qbf@ KBt SHIbaARELoAuctirS Sdpada@t BY a Afelebitie (for example,
capacitor as well as reading and witing of the |logic

agloélfié,gntpﬂq oF qow@nn@ta@at@?rfz T}(e:I cagautorcs'tfgﬁsgqnﬁéecg‘c charge representing a

bﬂhtﬁﬂ@ a{eglbagmtt@ ETHeAR&SY trMbiktor (VY @04 LvARAIforl BRIAIISEIRS charging and
ngv stacked and/or trench capacitor approaches,

digearging of thecapagitor py well asgeqdinend Mringipspoloaty stalss o the capacitor

(f’ﬂéﬂ %ergm?%!r &*eexarglngaﬁ&%§c1{or)a hadnfbna fécﬁ{‘qtﬁg &rﬁﬂsy sth@ed and/or

dimensi onal area occupi ed nmenory

t@ecm cap@tmsammww C’ﬁW(F@hfh%‘ﬁ%C‘t@mméWS@Weﬁ gbeys@nd/or below an

aEJe@snl?dn%tstgf inanQRENRAPRBhde e R YnsfoRhll aFea deipibdiby tll;bememory cell.
[Tmted or restricted with respect to the size 0f the

menory cell as well as layaut to a single
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pl ane. [0006] Non-vol atil e sem conductor devices avoid
certain issues prevalent in volatile 5 sem conduct or
devi ces but often suffer fromreduced data storage
capability, capacity and/or density as a result of
A RSB - B TSl PR g Bt e o
1ird {8 Ok G 1eA3vithit ek p2dl @sHhe 3i36 313Hg merhbug chil gheell dagohekiatsingle
often results in higher production costs. For
Pla%anpl e, in a conventional EEPROM the nenory cel

[00(%]' UdRSh-vAatlé SeRsEsnlifdortRVicExthvaidRbrddiRishiey pﬁflalgﬂirﬁﬁ)laule
di sposed above a nonocry stalllng sem conduct.o

seqippiciqrdeviges by bofiea sufferifom 15gucsd da ﬂ"ﬁaﬁ%‘iﬂpé‘{‘w BRI tH gnd/or

deéhsily ;Q;Q' r¥suft QP higRdr! c@ﬁlpl‘éﬂ't}ﬁlh REBSnd chrBuiPddsigh C(8bd For es‘ilample Pubhshed
contr ol g;ve i's 0] over a floatln%ggate

UiSs P@;prgp}(pg tlg:yse’B(OOQ(Ob Sii@ﬂd Q,ngyp B3923D+ The,higher complexnty often results
msh %‘B fibRLosRURSL Jx%ﬁ}e ihh&oheR@SHa"CELIEOM, $hé memory cell includes

y conpri sed heavi |y doped silicon or
a tmsa:lor hayieg a glamlityek aﬁpﬂ @SPandlmPYﬂmof&)ﬁﬁ’S‘ia%m% gptsondugdor substrate

axrdr sgﬁrﬁtggl?)p?ﬁmﬁiulﬁﬁwagﬂg gggpg ggbtﬁmex thiGREYs ! & ﬂaﬁﬂ:ufah laltontrol

at tends to e over usage/tine.
4‘63@‘75130$6d ovaddiflopting gats, whish isislisposed ouer aichanmghbiagien w1thm a

senrl d@ct{)r sﬂﬁsté{%”‘rﬁé’ HQEHSE gEte ﬂqgﬁ g%xth?%ﬁ of ;bﬁeraelly &?E)E@ Liticon or

ernatil ve e roni c devi CeS
mafal jeréfop b)caynp@ blumgtug) laed i lsepaeatad frammthe ch@nclb@non via a highly

con?rr(])“ Cf{ til% msu a‘ivrv?hevte"ﬁldsn %gﬁrbm%mgﬁltﬁﬁét e and a | ow

ectrical current or'
[(mo'h]er Ilcholdltmfx td mpwblqmtg)u$ Inergdmy pwgtalllggsdmlmngmﬁq)rd)aspﬁdewces there

exlgl d% DG el htltr(pmcf bl mg%ﬁ(ﬂv? Pcﬂgnlé%\ﬂ es%‘ic%r lk?y A B1%taBfe element that

AT c I'ng V|ces or
cavtgrpher2dbdtweean afhlglrmlpoclanafrmznp hutﬁslowhmp@bg@ma@eby applying an

SRS R0 BB BT T g ATBL SRty
sd:rﬂiibd’hdﬁ¢tbrﬂ’ﬁater8ﬂ§.‘ini}dfehaed‘nnIel'eolr‘gacnmlemm!{ladé switahingalegjedsi for example
théré 1[61’& Zﬁinloxgﬁous c&lggéo&a{u 2 & qca()tn?luétgr of allﬂﬁvcﬁixgg ﬁgnsﬂ!r 9&8&1@)9:5 such as

can or non-
c{)@&@ﬁy 8Savmcainothahmbtbammduﬂmolhnafllnhsa amrhqrﬂmy inorganic oxides in

Ol[‘ﬁaglf 351 rg:ehg[ycg?qk?\é%éese %t\%gegg Egv% %eel“tlls ) rsefdg a% tp}ééﬁt{l(a? Ushdidates for non-

vblagle afeheritd. | N5 are |nhonngeneous nultllayered

RSl N FoF BB BB YR g
V&t bidtable Intatedid i Ho@Bvertlhz&@euberﬂly&hb\en bisdabis flﬁns miotnhomogeneous,
afford the éﬂFortun ity for fabrlcatln

fj
“}“BH@@FCQFEHT“B SR e fabrcated by evapprative rggbcl)dgh\g?lch are expensive and
ofterbdifituR td dont¥sl. Takdditionl @eke biktdblefilpe dy A&raffonl thé qg:@rtmitj for

particuyl ate matter. are .geperally inho 0U .
BREHSECE: RoTeCalieaBNETE Brm Pl ARG Y aF D ghricatcd
ugﬁgj &ﬁﬂ&ﬂﬁtﬁ%ﬂs a@tuﬁla&ﬁ?}it&ﬂ lgre gﬁ&;ﬁ]lyy?lﬂwlﬂd)gmbbﬁs(}hd ﬂ@refore

evl ce ot her, bi stable fi .
upHable for é%) w%a%ww@aar&pag?xgﬁgﬁﬂe Flﬁg‘[s%ltcrql%ﬁnory and switching
dgﬁ&gods but their operation requires high tenperature

b TS AR s SR s

' nQEhQ)G& %ﬁﬁhelhéﬁéﬁmah HAuRAWESh SR RS WMirgQAd ﬁlﬂﬁhlitfg&f@rm iBitersection

and afford only a snmall deg ree of differenti
BBt e IS Esnetally TRRiGFTOTEhE GBS ATPE TS V% igh pwer
chtshmPEET R SremBRS 2 & BffSrd Ghiyfal siiall doped sitderfeddntiBli@between the
tenperatures, it is difficult to design stacked device
structures that allow high density nenory
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storage. [00101 Accordingly, there remains a need for
an inproved nenory cell, array and/or device 5

enpl oying electric field progranmabl e bistable filns
that overconmes one, sone and/or all of the

sh rthn1 gs of the conve arr
SER B i raonFsy PR ok DBAore Rt Al P e

tehiperaturess itds diffiedlt foadesigin sthakipd derdat stra¢roney thaedllow highrdaysity memory

and/ or device, inplenenting electric field
S19F2%%r ammabl e bistable films, which include or are
[(:jlll?l ab L/)%@ccfr@ﬂhgl@ théere IrrlﬁﬁzﬁnsQf neScltlbe il AfipeSved Ii’tdmﬁlr}\/@lll z&tag/aﬂd/or device

ef 1 nabl e tqpogr aphi es, u ane and/ gr

ey PSS SR Prosbarap s DRt L g i A andor ll of the

sﬁd?@[)ﬁlrig§ oﬂh@ &ﬁﬁeﬁtﬁhal RNy cedle] andys, &id/(&yﬁvnaé%%@[oym g conventional
devi ces, loying electric field p{ogranw

bisiabledime. iR 4 i oh P DES PERAPACI B ML dowss imgemening

eRBic TieRAGrd YarkBhBIbisGOIE SR, WAikA lincluak 804r8 bBAbe iféraUiatiety of
fabrication techni ques. Moreover, there is a need for

swhstespy andagtariety ofdefinglle toppgraphieseiprladiag singlp plape.ad{os grultiple plane
athf&hlb< field programmable bistable filns, which are
15 relatively |ess ex§§n5|ve (for exanple, on a per
(9111 badusher: them iscorsedior msmary seliargyseatipsdevies, gpploying electric
f@ﬂqfrgé’ralgﬁx%lg BRtablk B Wh‘ch %vy bk Iﬁ?ﬂﬁ@faétﬁrea nﬁ?@éﬁsﬁﬁnd readily using
nmenor arrays, and devi ces, inplenenting
CPIH@B%OIT&l iglearated sirevis febfpﬁ%@fr ‘a?h%fblp% Mpregyestshese Fjanged fggmemory
c@lfgbﬁqgg%%xicﬁvnk&gi 1@henBhHQECtrilHid1& Pio %faﬁrma‘ﬁd’é‘ tﬁ:ﬁable films, which are
requires fewer |ntegration steps and/or nmasks
rélathyelydets e xpeBEiNEAR\C X FPIT IR A mmm@@c?mwwpallwww cells, arrays
alglséev@% 4 taddlgéns mef%si? Hnded £& &R Yelfs ezlr}ayr| aNd RPd&fces,

east |rst ta state and a second dat'a state, the
lmlnmplylrrgélndse fiddpleptsf n@gammlﬂechm@ble fibps asreabgdded owlth(kf&y‘r or other
I tor) and
SR afietTediired RARF Bloghliof N FIBAARI |4 BiRaRL OF)
which 1is connected to the sem conduct or tranS|stor
In one enbodi nent, SUNMARY QREHEINYENTIGNS| st or
|ncludes first and second reg each havi
DMLy i dpadigt @Pﬁ?tod;?cgée%lwmcgtmwﬁdﬁw 85 least %f}fgbdataz%a‘c and a

sdddfd SRRk ERNEY mRAbrylceRBSthSrisiHg ademohdifetod esistor PREYxample, a P-
reglon dlsposed between the first region a

cguwehrd 2p dgshapnel {nsisirkand ge elsestis flﬂé@f%fﬁ@ﬂ@lﬁaégaule element, which
id &ﬂHédtéd' t6 thelsBmRbMME @B 1rAhsBRE.OMbne ABSHMEM] thy sentidtRBuctor transistor
wherein the second conductivity type is different
inqlusles firsbarkdjseeand eegirascrsh/avipgdmprrities e Riavide a fisst copdnetiyty type.
The QcmncérQHct@} t?eﬁl"sﬂ'sﬂop Ald ¥c1e@4RILREY feRioh hﬁp&@gj YetWEG tR¥first region and
g1 lectric field programmabl e bi-stable
S@ﬁ@ﬁtregwn wlverermhq)wy ERglign ipgledes drapuritie tprovidy aéﬁ%f’“d conductivity
g&qgﬂgeﬁltﬁé:stegd?\q%%ncﬁxegvlafttyﬂeQQéﬁfef}H@fr(ﬁh ﬁfétf{rit‘éortdu@tt\gty type). A gate
rogr amab di sposed between the first and
ls:,@@@ndcfm@h and elegtdenllypeuptidio thedody fegiondat a state of the
r y @leiect!né flEl% (%?ﬁlmuﬁ;lé Mesta%fc e@emefnl 6iShe ﬁl@rﬁb@'i:apfﬁ@ludes first
el ectric progr amabl I mand the second
ad@\mosct deatrofles ané ptrlegwneatqcm@ flebifpr@gr@‘e@ebiel filngdisposedesveen the
f
s B S B FALAETTAL e LR of
firfieesistans¢ ofithgy¢lentric figd pdqgnamnable(ﬁhmand thggq:ognd defta stdteis representative
' - first electrode
tfS %%hé Feegl t’araderz)f ﬁ}g% e@{%{c f%ﬁﬁ)?&ﬁgﬁtﬂgbl? h S Ch is a source
region of the transistor. In yet another enbodi nent,
the first electrode is connected to the gate of the
sem conduct or transistor.
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5 [0015] The first electrode nmay be di sposed on the

first region of the sem conductor transistor.

Moreover, the first el ectrode nay be di sposed on the

first region of the sem conductor transistor and
end over

1 P e tagane FRE gy S BieeE intB0 Rl gt «

dﬂaﬁﬂ&ﬁmrﬂoﬂlﬁé rameistonf IntaRethéd efrbodifre g, te fiodt elchﬁ)de 1s connected to the

sechI? %églgg'@}l g{rsﬁlgcsél raé)gqrﬂ)f th%t?ailngl]ﬂtglﬂﬁ Sg&e an§ g nglmenp the first
el@cttfdﬂ@ £0ndted idkht pae gbthesenficdnbectsranihsaaduct or

transi stor. |In anothe iment, the first el ectrode
(0L Hyofist oo st o pory sy reiil ot seFGBaT
trhRisBR OMIRIovarSE Eikst eleétfvdk Ra@ e HiSpRedEH®E FirsERkion 6haw isd’iﬁjconductor
at least first data state and a  second da

transisqy Gpch@(tgldtowgr{glf.}@{ @hovgﬂbbeg)\ﬂameéqt FP?!TIBIF ofét?% gate. Iedeed the first

eledtRJad mQS/ B9 LAPIBPLb SR oﬁl‘ieaflﬂ"stere%lgﬂ SR etnicomhctd? n@ﬁﬁstor
connected to the transistor n one enbodi nent,

(09364 c o Frornetembodimentof s aspesit of the inyersionsthe Hist ﬂ??éwé%'é éﬁaosed on
tl{e‘ggfg{%pﬁwe ERAROndIEYH RehsisiBP Uiniahbthsr chidoMhieNt, M8 fivst El'eétﬁide is the gate of
C uctivity type. The sem conductor transistor also
thesemigordiclar bydipioregi on di sposed between the first
[60?91 o ﬁ{&ﬁl& &?ec? AR diEIhR or)w.gﬁ r(}?iv gtahl%aé? Qely afi§ ght@ Bnd a
udes ti'es to provi a second conductivity
s¢cypcéda(tam@¢)en¢luctm&a wansisiod a@mﬁurehtwf eloctrig/field pepgrammable bi-stable
b L& AR h %ré hid& O}E 'u{e%tané?é?&d ‘11? BﬁeVérJ%dl J}{Pﬁ)e sexﬁ&c&?&u@tor
I's spaced Trom an ectrically coupled to the body
tmmgitwrmclwdot fitst and sedoad R@ions prahdiading iropuritiestepr @tldﬁ'a fFfﬁ)FOHduCthIty

R )
ambibo mstomd ®@gion, whefdirethd bodyrregjominaimti¢sdmpirities hprevidd %;Wémds
é‘ﬂkxﬁtﬂu@ lt)g)e QH&@ ? Itthgl%aéo?ld tc&?dugt%mg qgﬁqy&h@r"e ttfl:o%p?ﬁ: $itp Eonductlvny

enent
typak | Aidas 1sapaiqed Qbmeardalqcmdly @upled torthe eddy cegiand dNaably, Hie

. n I ' [ Ik di sposed.
e ERENEE Bl PTG bl 37
[@18Lt r The friembry cpll oguha:rmmbt farthérlinplidacfingthmd sedond elggttic figld
resi st
P 058 R B T Ty BB e
elebtrit ikl pmgmmhahlesbusmbteh&rriemr mtludiataaﬁrs;tebtteodntmwc«md@lectrode and at

lezlisteog)%% e%trlf elri 8ro'§F ggl?zg 181 cllsepg]; I l F % ré Ehg F’xrst an(f stelc%nd electrodes. The
etehmc fﬁlerdsptrogfztrﬂhﬂ)le filndintlndesal least twcrefistated syates,gnaundingd férst

of the second ekectnlc field programmble
“b“’fsmé’fea%‘ft%a'@fjoa S@f TSN 19t he second state. The
[o0a0Dr Y ThE hdembfy del of thes aslﬁa@aﬁﬁh dafist ddtattse wherntht blectric field

pgqlggagrﬁl{nzibi KFII elfgl-neptfrg)tge [lﬁmeper%gfrlfulggglg{:g sézf%ée el%r?ent is m the first state
ahd'he SREEIO Heldprapi@nmdbit filicofehecetdnd @letirie |fdldﬂjfmirﬂlmﬂﬂcbblatable
RO R N -

pREanG MR BT itheXrsdelicFicaRREEbgratmablé bi- ﬁibl& @ghénisiit tha second
drain region of the 35 sepni conduct or nsfj or an
seifen fhesteclnedicldnsepzarpmatipfing ptag segp Ff@fagfammable bi-stable
eRIRATMNBOfR: fdeStabl e 4 el ement is connect ed to the
drain region. In another enbodinent, the second region

(9020} s dmprecembodigentPidis pmert<BeiEbISIaR {5ordriip Fpanof
s@hdofduBiof irdnSistof hrRihd BdEe1Qtrold 6t thd firStel@trRAteld Srogrh@indble bi-stable
progranmabl e bi-stable elenment is connected to the

source region. [0021] Further, in one enbodinment, the

first electrode of the first dlectric field

progr ammabl e
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5 bi-stable elenent is disposed on the first region of
the sem conductor transistor. In another enbodi nent,
the first electrode of the first electric field
programabl e bi-stable element is disposed on the
£t ' N

f h{eélh(sjé aEcg%/helgtﬁH: JP zgré?egmn %%%ggenrlr'l&{go ll %l{iegSrEC(Q’lﬁ %glon 1S a source
rtguam;‘ itlgt semicofidvstor iransistaglaedthe Giveelnaispdabbtbe fist elequn fidldn

| | r transistor.
p (ﬁra[ Eﬁ] Labfe eﬁ: egt 19 rl%lecqed t%?ﬁg s%ﬁ giéé%[ ird and fourth
[Qﬂﬁlh s Fattixs, in bne mlb(ishmcmg allecﬁrstteh:etrwkmﬁ the flrs:telebtrlic $ieldrprogrammable

bb Irc;]te%IF glﬁwgrglls 51¥por°>e he%l\fgrét r]egl L Cflil{lcrolngucftor tﬁaasnstor In another

embo@mamnmb kiest Hleetﬁiia bf the ﬁfseﬂmmﬁc ﬁleﬂd progtamenablerbé-btalsit alement is
and lectric field r anma

BB A e LK Feeioht degenks @fﬁ*&ﬁ%ﬁmsat% pnd Blits ool g e of te

serfiicbitluttoetrinsisot. Biedirst.cleth@letiiyRilsy be @lpbrtiof of tha fitshfgion of the
fourﬂg data state when the electric field programmabl e
SEPICARAYFLOL FANSIIOF-5t el ectric fiel d 15 programmabl e

(60225t althe nﬁhﬁgﬁml ma§ mdlth hQrdSaﬂa m@khsihtats@teanm thid eegard the memory
el ectric fijel

e filmof
cgll isdp the thixd dafacpigiy Bge,n (Eﬂtré: figld grp&tﬁpx@aeye éﬁr@ H? the first plectric field

préiRanS Rl stbRlefomen 0@ Zthe fifkt MAE am@E BIBétriefiel@ pfograthmable film of
menory cell (having at least first and secondﬂg

the sgt:@g)elecquﬁ &e@dqrqggar&rn?hlﬁplmtqb{efleéqengré iR the HEst statgr The memory cell is

ik (R RSBl S 128 \hed 1R dicald flevd Rbgr&hRablb kifm bf @é ﬂrst elecmc field
programmabl e bi-stable el enments. The nmenor

peqEipabiasbizptablerelamesbifinBp srgerdttate angrihy dectiic o Prea!iaﬁ'glable film of
thd JeSdnd eRBirid Hidl TSR NAMAIbiIORDle Bt B ihBSecoRPk.t | es
ggﬁ?fOVlde a first conductivity type. The first

[ coneiye regtheragnest 3 memory cslh (hayimg Gbl'é%“ Hrsptdyseqond dyyp states)

it RRSAulgd \oe %1@3?1@ucft6rrt§ahsx§t&g hia A0ALLyYE eleSBE BB programmable
regi on, wherein the body region includes inpurities to

biyptable elements sBlisrTpereasy eRlkdomprissy aifipys semicqpskupte eansigler including first
A& SRBEH £APAUEIch Y iNg 1§1¥Jﬁﬁtléssto fioliaen ?i?stt c&fdgqut? £ TR first
conduct|V|ty type). A gate is spaced from ang
semnisenduriepirangision st weluges atbiedy t58i9p drsegﬁeé Retyypen; thefifst fegipn and the
sm Fe%mu&;ﬁé?ém Eﬂe%ﬂ l%gﬁﬁ mcgl'ées[ %afﬂles-w SroUﬁBFQ E%oﬁ@édﬂducuvny type
al so includes a first electric r ogr ammabl
(whergin #isl secand cpraetivityftypets differenyrfraatthe @r%t @orldhféwtv ﬂ@e) A gate is
sﬁfcml ﬁgﬂdz{ﬁgte%tritdlﬁﬂ%h%ﬂ:@{o thelt lnﬁy ?cl,g%t(ff e firbe&bficonductor transistor.
r ogr amrab bi - 'stabl e el enent 1 ncludes first and
[ nd Ték exemoniekel akpénchide afirst elf@ﬁ@ fielprogrammpble pijstable element

. \ ;
B30 TRy - E0BEL, BEABE Tl i
sfablerglemienicineludes fizst andesgeandtelgotrodss arsitaaiv@é on¢ elearic field programmable
fhlﬂ% g&’éeH Hette ii thé firsf ﬁﬁi' FJ ﬂg Q?ctﬁ)tdéé %g:c@lc ?% ammable film
resi Stance O state I'n addition, nory
ingdydes gfleasttivg resssrmce stiters Inghiding a fiss mn@nmt@mweumd resistance
slfeansi stor. The second sem conductor transistor
i’ncl udes first and second regi ons, each having
[0025Lr i thn edditian, the oeindey call fof thistaspeohidclodds\aiseapnd ygmeicondmeiora

tgggéforr ei%e gecotgd %ﬁ Sotidc Go?‘r%s?s?ogtﬁmde% ﬁ%l %ndirs%%b? R:lgf%gg e%égl%avin'g

sécond reg

ippwitiesl ® ;aowa&::oﬁmlt c35dmcomj>ugpe wnd ybddy pegi¢ndigpogridrbetwren the first
r%s:%gngan tlg:eo n(?o% Eég:x/ont yl“)ht X&?y re%lon mcluggse]rrr])t d[ﬁtreg 0 trQ\/elde a secct)nd
ceﬂncmcﬁvuyagiel (yvheremplheesdcdnd cb:lrthacﬂu\odyygeegdlffareon‘ frdntn me sf iest ooraluctivity
sem conduct or transistor. [00261 The nenory cell of

this aspect also includes a second electric field
progranmabl e bi - stable el eneAt which is connected to

t he second sem conductor transistor. The second

el ectric
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5 field programmabl e bi-stable el enent includes first
and second el ectrodes and at |east one electric field
programmabl e fil m di sposed between the first and
second el ectrodes. The electric field programmble
N i iLd ARk LEmESERRNt
Wﬁ?b?&%&%&gﬁwﬁggggq?ﬁéﬁabgg'§ éﬁ%ﬁog%g%gs |ﬁthdfng a
seicatlugterdiasgisiorce st ate and a second resi stance state.
[(Jt()%@zzllg% hrrgtlzncl:o ngel?/ cﬁl%s as recgt r?#gtl) chﬁl}gg §e§<§ %?e%gl . eﬁlt§ %Mﬁﬁ&able bi-
stalleeltment wﬂuoblnsjcqnn@gdam Is¢condh senstcmldh@oretaemm Thhe sdcpnd electric
t.he first state iel r AR
flff’ld Pﬁ)}grafnn%a\%) I bsl é%llalﬁ E:mlerl?t 1{1&1.1(%5 #irsk ? set?ogg relaegtﬁog%{ ! R:Lisq one
elbdtﬂcsﬁﬂb b&)g&hmmmﬁlmshspnscﬂ betwsactha first tdste@nd Eleetradesrolhe electric

fiér:lg gTOéraB]nba& téihxgaqz %g%lf’:]cidqn&ng%?tms: %%ltg pfo\g;agr?mg e el?nrlelngmf:i;ué?s dlt least two

repistagdeamim ihcudihg sfiRblesistence maﬁ:tanii a sécbnd Rkestamecnc. st at e

electr| field f .the i
(B8, Tos mEEeY £61 51 e BrEGRETRBITE" B clepth Pl fgmmpable fim of
thie $irdt eleéthe fikld rpsdgralxﬁnas)leailatab[e(a&z&]n 1Nmt tabfint stdth End’lﬁﬂﬂéqtrlc field
oSt i sk -l byl Sl Hefn'd B e scond
sthxe 8% o eelbisusihfa I@éclaré&hmm whénbﬂlha elfe&tlﬂc ﬁafa @H%ra?ﬁrﬁﬁb& film of
and t ectric | ogr anmapl € I1lmof the .
the S lgeice Bl prorameablp Belable SR e ihe sepeih ot A ectic field

programinihblefBmSE HRRELoRd ab@ric 118 PRIgRIMmAbIRi SRR klemeRl ib ini the first
in the fourth data state when the electric field 20

Stifogrammabl e filmof the first electric field

[4ORSYTT ANBRBIy £thd inembARER isGh @ BRAl dataStatd Widn@hd déctiic fidl@prBgrammable
and the electric field progranmmable filmof the second

filn afthe fipst glpcancyfigld argerafwmale i-pipble elampnt is ig|theigernd statejagd the
elbdific fit18 plogfinittBle HIAQDE %k skédbn@BRcRE RO |pF@FHmm4UIE901fstabEtelement is

sem conductor transistor is an N-channel transisto

indfSeceTiks oo AUPRIOYER APV SrILISin e v e Sefeash Qitectri field

ploBrafAbREIm TR HirfiBREwic KB phdghMhm R bi GRBR RNt is &Pthe first state
transi stor is an N-channel transi stor and the second

and theelpaitiofield grogrammableditmer thesehoad glegiric field pragramyprbierhipstable
cleBacd et firsdshge. f 1 rst sem conductor transistor is a
P-channel transistor and the second transistor is a

[462¢) an Ieane emipdimsatothe fifsbggaondvetesianysierdsiamilighannglfgansistor and
tHce sécdhd S’Lu%f‘st(fr %daq)-gtamtaé" ?raxﬁs'is'i&t Ir?in%ﬁntef érﬁ’b(;dln?énd the first semiconductor

programmabl e bi - stable elenent is connected to the
trinsisér isang¥-elranog] tenséstdriand the seqend Bengistor drantY-ghegnd trapsistor. In yet
aw'ﬂ‘\eg meocrdnﬂent ?ige H{s@eﬁn&ﬁ&lc% gglﬁSlStt(n‘ QS I ﬂ Eﬁz}ﬁnncci QH]’!&QMH& H‘Q rsecond

transistor. 1n anot enbodi ment, the first el ectrode
trgyfsistdnés f P-channed [raesistére fi el d progranmabl e bi -stabl e
[(ﬁb@]menin 611% e&%@&]ﬁngﬁteﬂe iR él@&roﬁ@ 664 ﬁfs éc@xlﬂc t‘i)efld E@grammable bi-

r'st sem conductof transistor, IS a so
stalelg tlomemsfis ¢onnecteidiie the Sigstregimmadi dte(ﬁrstmraln@dgctolr trangigtor, yich is a
i e i K f

dapl ?'ug 0 P@ﬂﬁ%ﬁ%}ac}%ﬁaﬁés?% ?Astﬁlg)g epgﬁoeo(aremrfctgﬂ &he ﬁrgt%iectrode of
the dmst eletted fitld prdgeangpiabie fstableeldmentis cwmtcxbtndlmﬁemnd region of the
leSF % COSnEl?C;tor lll‘aallsqgrsvj\"‘r]flg;rlrr??:abf hr'&%%eglop Ef SI? SC?I]IC(%HGSCt&J t%\%&lstor In
yd|asqﬂbaed1bod1mbinethé flrss tleqtmge ohhoﬁrst Hectfig fidd programmable bi-stable
el% 81%&1%,00&%60&6% Ehﬁg&rl]tr% -0?&1 I%ll‘ { se lCO?]\él?(ir;tC)r tfagsq%?ro ff’;lmmbl e

b| stabl e el enent may be dlsposed on the first region

of the sem conductor transistor and extend over

(either above or below) at |east a portion of the

gate. 5 Indeed, the first el eetrode of the first

electric field programmabl e bi-stable el enent may be

at
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| east a portion of the first region of the

sem conduct or transistor. [0032] In one enbodi nent of
this aspect, the first electrode of the first electric
field progrannable bi - stabl e elenent i s disposed on

[@Eglt {l‘ﬁ tff&gte hﬁg%%gﬁl?%fzrsﬂercgr{c%ﬁ ?%r %nbcll BL %[bl?élg}n?nt may be

dn@ﬂ)(ﬁed dSrl the fitsetegiopoDe &l’ﬂmdmllleaoﬁuetattmhblﬁoe IMml'eaiLter, tlﬁflrswlectrode of

f.the fir se onduct o nsi tor
e Bl e PR ot to if Fhat<Dif s Fron o e
sdnheorﬂfacttai tfaﬁdstdneﬂa ektphid ower (eithdrabdvewr bdslei/)ezt deasten partidn o he gate.

d t th hed i Th ' h
e g Gt <G £ e s BERmroRRva BrteBR iRy be o
leafi Alpefioh f Ge fll’”s@fe@foﬂm? the @é&ﬂﬁbxﬁiu&tlot tlrdnldﬁ?ol’- ating like

structures, nmponent s, nateri S ._and/ or
(003217 1 I SEbpdReRtS thi asppel She et elserpdet 5  irfelepe reid

pfb?gﬁ{n%ﬁmsﬁaﬁl@%leﬁx@ﬁﬂ 1O8iSp RN thegdt©rshfirst de@eonductor transistor. In
ructures onents, naterials and/or el ements,

anshgs PbAAACT 1B BrSglesieods el Grotlesiet, okt rroEraBRERIA B sfhiclement

1s3tﬁléj A & thY i BmicBfduS P BEnsRort NE pr esent invention.
g341 FIGURES IA- | C are exenﬁ l%?schematl C
st

| I | ustrati ons BRIEFRESCRIPHANE RAWINGSy cel | s,

each including an access transistor and an electric

[60‘331 d o @EanERDLR delailed M&rfbtmﬁ@ toldvnreteneill be made to the
according to an aspect of t resent_jnventi.on

asbabirapheRbes dravigeyhay Hrfﬁeaq"?mﬁfﬁ%%fém BFFBY{mptignpd, where

afproprall reYeddricd emak 1Rk hﬁ@ﬁﬁx@ﬁ&cﬁfdoﬁt ﬂ‘e‘htsoﬁla@fials and/or
electric field prog ram’rafg bi - st abi e | m el enmen

clepents i ditiera figwienye dgdgled Sraary. & ‘Sf‘iné?ré“’?f’r 'Bg‘rvafm‘%f’@bmaﬂons of

tHeistride@By, Borhpdnthis ARt MB/of QeRéifs, BIRBOHA B spdcificBiy shown, are
present invention; 25 [00361 FlI GURES 3A-3C are

coiierarlatedand; agmwithiy the\seops of the presena invesfios exenpl ary

[003¥PUt SIGHRES 1 AB 0k exeRiblaryAhéhdlic MhsirRions b thieB embodlments of
enbodi nents of one aspect of the present inventi

mEmeFeieHs, eahdnelyding 31 access BANis|oF ergﬂaalrﬁ‘ﬁém%ﬁebi Dregrapmable bi-stable

ﬁirh Lamn@,lne&é%&hmgso SOHPLEE hOpkRf: mAMiES Or drain region
of the access transistor as illustrated in the

(0938 na FIGURE B iscsespphigal sarcemmtatipespfie systentyrligeg yvitching
cﬂrgtggt«%%f hﬁ‘elé&ﬁé hél@ gggﬁnﬁﬁhgleq{?waﬁg filth @@m@nﬁn@l{ldlﬁé -5 mplary

00371 ustrates a top view of
e@xt@n]ﬂplémyogrwo@de lafstabhéilmmwrymeéq pne esnbrdimgns of ahel pyesem
ilveRigmsented in FIGURE | A} [0038] FI GURES 5A and 5B are

cross-sectional views of a plurality of exenplary
[003¢but EIGFRES Ba-3Ganperpsscedtionaliraysef a pluppditeefeaempplary layouts of a
nfekn%l’ﬂ:eﬂ Q&Ed Qltr%hp l:mﬁ(;d?rmrft‘s éf' olngn;ﬂéL:& ek pfc§en@ QHPAU%Q wherein
e access transistor as illustrated
then:lqcm; fs&mmemmalrlepr@@émﬁﬂat qlespenp s cPppdtIRE t@ﬁsurw ¢f drain region of
{
A RIS b FRCH | fl SBRRAITER Sl STIBURRAR, poabl.
FICEIURIE BAds seotioned algngréated Yine 414 ofFIGHIRE 4;enbodi ment  of
0
! enls P ggglﬁ&]? 42}’&{;5”& Jn]tg%gfgw%? Eﬁ é‘ﬂ;ﬁ#ﬁ e1a£6utt Be fhe Ay Yen
sdhiematidatly yepreaentairio FHGURD IAn enbodi nent of t he pr esent
n RE 6
[dO?#ﬁs tf g?.ll%l%é) gé Qléd %:TI% % Foss ?ﬁc}lénarae\%(gfggd n}%’élgﬁl of Q(%mﬁabplayouts of
themeenpre sadin thrmdmdl@mo(fsdxhﬂmtimmblb pi-sthtileif§inT elereeht isrpoupled to the
FIGURE I A), in conjunction
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with a programming circuitry and nenory cell selection
circuitry, according to an enbodi nent of the present
invention; 10 [0041] FIGURE 7A illustrates exenplary
vvaveforms of control sr gnals to read the data state

ey QLB A TR BA {Gart PVt Tty ey b HOURE 18.in
acEd:r&lJBEwlthA}r,tanaaﬁdehm df chegpryortiinentien; of t he pr esent

ention: 042 RE 7B il.l ustrates. exe
o oF RS 6852t ey et i rapert Sy S0l ofoae
erﬁﬁo@ﬁﬁ&’lt bNh@prdRADiInYenti6h,lin &njiddt@IWiGr fRdbr sohse tablifier and memory
present invention_ (schemat %al ly illustrated.in 15

C%SE&FJFQE“FA?““%@EW‘H%@ 3 gmy B‘S’i“r?éﬁleé’redF“‘fW§“‘H’r“esent

[ob#0 €Nt FIGURH A3 ekdnspiliR soffembadid 1‘11§§tfaﬁbrf-‘§f EERRY 3élyof one
wavef ornms of progranm ng control signals to _erase

t he
erphadiment gt the prgseat wrsnsiPy (Eramatigally ipsirated iy FIEHREghA) i gonjunction
with ?fjn%%?arﬂnﬂﬂgmfduﬁﬂ' 208 GRAIBL def 3L1bdfion clrd iy, hetoRfing 8 an embodiment

, according to enbodi nents of the present
of thﬁ/@menblnvenrlemq FIGURE 7D il |l ustrates exenplary
[00&1e’ OFiGURH 74 flﬁ%%%plﬁ&%d@@dmxﬁé &8hiwol Elgnalgg r&{dQ§@data state
the data state I1n a nenory an enb ment of
storhé ingr meraery cplhv%mrter@ndl(r@elrré ﬂmnr@samtluwenilqnl (sehematically jliystrated in
RAEQ ts of the
pr esent)l ?ér?\‘/)rent | g%ﬂbflﬁg&ﬁ thtng r&%@%%n?ﬁg bl ock di agram
[0042)r e SETURE ‘& 1lty$trtaesmmplyryamvgfyrmq of epntehil p,lgnals to write the data state
t
R L LT
FIZBJHE) DA% hechidBigRE e@Bodiinenis ofr the preseat ipessiknidi agr am
m%&:kae MR ﬁ&@@&&te&% 18y v BRHRY of pfigh ming koMot Elih o
Iuralty arra cco Ing to certarn

eraseihaidatesats inof merhery pelbefantembpdioant b the prése® ApentncGrghematically
1lfu§l]ra|?edsiﬁ ?‘fé@lﬂi (fAS {o?cﬁr?%%%‘ﬂbg&mgﬁts 8t tms E{eéfln't ererRxfon memnory

, access transistor that I's
[09n4r edFlﬁ‘dIRrFeélh llhxswt@srearbmplyryoravefoems ofiprogranathiglg control signals to

[

AL BETEHL Rt LB SLETREUE pSP QhH bnica
ﬂkuamtedoh FIGURE i1 4),arcording ®®thgc eobadliments ofjthepresart invention;

odi [ Wolok
B e) PRSI N U AP REpreShnudidk oP BERDA o SR
pafpherapdinindyiand a pluradisyeofpiearoyy ¢edly,ca¢sdingfo dnhemhedimen of the present
19eer|1t]§ of FIGURE 9, wherein a plurality of electric

programmabl e bi-stable filmelenents are
[0946]p oS EHGURE 8B jlluswraés at;loqkfdlmm kcbcknhta:yeprsseatanbrmf @ memory array,

PR DE BBl M) AR rnion
[GOHH pr EEGURE D isvacsehénaatic r@re[sélﬂafrﬁ)}r oFh QRIS df nefnaancklls, Bmprised of

rat gram sche [eSgnt at i
it yoay gy e P el e S QLB Bl el R
fitnh elembas leadhcof whethds qpuplgd Bﬂhﬁh’iuﬁ:efor tirain regioic offthié C(I})trbbran515tor, in

certain ts o e invention, [0050]
SGE e e SnICAPaR! ATougE Be ahie SBAT LT St
[ooasior yFHIUTRiEIS 10Aeﬁrfd€l©Bl aveedryyss- se&mhﬂﬁ/idu\dloﬁ@phrqhk)wfakrtmglary layouts

offbe B AR leo dRgUREL SR RB AP Y RSB PEROBHEP g isabl

filrd BerhbntéhiSdisbost @ 4 ﬂlﬁrﬁﬁty R)ﬁ.&ﬁﬁ(e& Rp&sBid e coupled to the source or drain
sentations of exe nbodi nents of t

re,sfoe%?aﬁﬁrrr@s P o HcE WA R SRt Deypegspgt invention

i n accordance with enbodi nents of
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certain aspects of the present invention; 10 [0052]
FIGURE 12B il lustrates a schematic representati on of
an exenpl ary enbodi mrent of read or sense circuitry
for the nmenory cells of FIGURE 9, in accordance with

odi cert.ai.
G5 PR S o Rl R SR abpby e blrseniaion of
nﬁmbfyrmﬁay (havieg b pBiedtityatfi soakeddiyeescd el edecyric fehdpdgrammale im,
Qr sense .ci.rcu IDry cells of FI GURE
a@"fa‘%"}% t%&%f‘"oe%b@g"\’lﬁ“k Of}[hfé’ r':cs'énrttmaYi‘“‘rr’Tieeh‘ood| ments of the
[005€Is eNFIGURE DIB B1a; blc[c@(ﬂﬁléianﬁleﬁeﬁﬁtaﬂl&l ofsa Iaersoirln emay, 'dffectively”

mreglﬁ{sﬁg E\Hﬁl%? of %{g SQLGUS ?zrc (ff 6 ry arrayS ﬁcg:lpredang to one
e.lasédman ofithp piekenl invntioh; el ect r ic fi eI d pr ogr ammabl e

-Sstab ments, which ar ked in a, .
TR o FIGHTRR LAY Br S el Bt oA G 4D S P of e
pfogibinflhg citduARFoSthe® fnembfy RECSIFIGURE Mintddc@dantdr@ith embodiments of

enbodi rrent of anot her aspect of the present invention;
CE‘@“[@B@S‘]O the@sers INgMtiolhd 14B are cross-secti onal

[00s8Ms  eIGERIPN 28 HubttatesQf scRMREP ke%?éﬁedtﬁhbﬁ F &n ex@ﬁlplaheembodlment of
menory cells of FIGURE 13, wherein a urallt‘%j
regfl @ senseccirepigy dorghegyemonnseisef EICURE B 1a acqorflaﬁ? ithsaphodiments of

c&[a%z?sbél:@slﬂﬁ%éﬂ?esém%\}éh%d ty of layers and are coupled
ate of he access transi st or, i n-accor dance

l%5§h c GURES %@m 17Briflustigte typ achsmaticigpresen{ptpRs ob fremplary

e8RS WG IF? s&é&l%ﬁry]{éﬁhb IleHdty @IESHAGEMMELY, §n accordance with
representations of exenplary 25 enbodi nents of

corragberabadimrgtscl theuiresest imsptiathe nenory celI's of FI GURE

[60§4][ | N FRSGRE §8 RGScNntdic r&a@&%t%ﬁ RE 8 Fﬁifah@}e(fftnﬂirﬂbrﬁ&l’l@ Gbprised
he present invention; [0057] lEEUR
of 4] agsess rpmsistas thatisehated etyesp raé’é‘!éﬁtth?ﬂ dertrist ﬁ%m@&féwmaalie fi-stable

fg EEF %hl&f jal gtﬁﬁgd N a pt&IR§ oﬂa&&y hefd a¥e &ﬁlgleﬁ et z{TQBﬁ/the control
Cel 0] 3, In accordance wth odi men

trgRsister; in aa@p@@eeswm anohsr grrloslamgnt pirapethes aspect afghe PIGS’B] mvem‘O"
[(gilS%JRE FIQURES #44 G drE c&?spsreaﬁﬁglt@é\i/s% aQlurlity of exemplary layouts

erential nenory cell, including first and second

ofrtheroreynopyedells of IGUIRENISy Wheseian piurelisy of elecarirsliedd prstappable bi-stable
fﬁljn %fé}n(rﬁhtg alfe s@iL:Ped@ﬁ @ fumlgyersba’nd %Qm\;ﬁed‘ tb @ g%[ewtaccess

according to certa mbodi'nent's of anot her ‘aspect of
tltahmstqur m@emdancmw@lncqr@msﬁmbgdmels of the pesfREinygmions;

tbdskst'St FRGGRES 158 AR ol ERANE AR icho SRR Y

e read or sense Ci cwtry
embmhmymts of programfin@JdiREuit foritire monwy dellsof FIGWRE 13, in accordance with

f ¢ t he present
emg\(/)ée)l e on{ ce[%lgéfff g‘ﬁ%’éﬁ%ﬁﬁ‘gﬁ%ﬁq%gt rates a schematic
[0053} es EFGEREAHC aiiusaatemaehmzmcyepewbmj@hqm ain efemphiry ¢rebodiment of
rgarg Ee%rsrénélg: itr forCtHfl: rtn[e%\ﬁxfy%%s FEHX ﬁ%cjorcﬁflce':\‘/ %ﬁ)odlments of

' accor dance” w certain aspects
carftaif Mspeqds efskngresenniavention; [0061] FI GURES 18A- | 8C are

[@lﬁ#f g?g‘;ﬁl%ﬁ Qﬁgsﬁ%f{;‘ canté | 119 Pespr?os%lgot olgale 2 g?}%?e% megl?osrg %eélh iélcluding

fite aid decol heanorgaelRy, daslvhavingan ammmmstbr aniestrigrfichpulogrammable
electrjc field gr anmabl e bl
eEgr Bl gergrecasb g o ehemar RS oprelisEiet S eren

ipfenfidhe; present inventions;
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[00621. FIGURE 19 is a schematic representation of yet
anot her enbodi nent of differential nenory cell,
including first and second nenory cells, which share
an access transistor, according to another aspect of
[ ?gl PT st HE imﬁlmtl'a?&% scl{eg'ngﬁf'ljegfeg&g i'c:m gpﬁ éxl&n{x‘lljgﬁlgreﬁibgéxmem of
chemati c representation o n exenp i ment
thefread bssdnlsaecuceml farthewemery cel fl FIGUREf 1@; mtah@rmm)wyh erabqdiments
ce with enbodi nents of
ogcgft?'n 7 ec ?m?gre e%? ﬁgelgglr?esent i nvention; [00641 _
[(IGBQUREF]ZHB{E | TBilustentes @ schegatieratesantatiop pEaemrtmplaryrembpdiment of

thg IpFo%){(ﬂe %lli)g F%crult%fgr n?n%%w?yf cefl oPE@%ﬁ%@&d?ﬁce WidRfhbodiments

oa&aﬁmdqmeteoﬂuh‘ebres@nmmtmms of certain aspects of the

YA G0 0S5 S

difidtehiial nidindo}y CBHOMENdiGE Fitst aﬂdﬂs@d:dnd infeghoky ¢esls, em}ﬂmwiylg ae hdcess

havi n N- channel acc ransi.stor an

et T S G OB TGP R - SN [T B BRB e e ko Sgaigng
eﬂ%&h&n@&iahothawsmtﬁtﬁéﬁkbaﬁmmena@rﬁess transi stor and
electric fie progr anmabl e bi - gblefllm

(006810, 4 FIGURE 1 s man BSAHCS opfe: Spaster SoakBERE! differential

meRRryRe; Sﬁ&ﬁdxh?ﬂ@fﬁnﬂ@&ﬁ)nd gembBQefsl whidtdRirSar e ess transistor,
illustrates di agram schemati c representati on of

a%omw?yn%bqrawctm&emm iyeplfai¥ial i ty of differential
[OUBBP! Y FRSURIS 204 illubPlies®@RaMaBic rdpldsbiinktioh G aékemBhAry dmtBiment of

wherein the nenory array is_conprised of a plurality
thsfreaghon eqnsticifeaiprier e memaryerlbet FIGURE B i acpordagica il fhpodiments

oféelrtanEiQ:cts%fE@F»Fe‘séhﬂnx'endoﬂc' uding a plurality of nermry
cells in each er of the nenory arra¥ “accordin
a

[96d] onBIHHERAB Hiustrates aschesatie rapFRs@tion QT ampremplary 2 odiment of

el PR BB of Srafk cbrlzlgﬁy i 'tlﬂ:E}ﬁé?ﬁBr{] 84 SFROUREI191Tn @coftlance with
menory array includ |n‘g plurality of differenti al

emberimgnte off qegaip pspestypf %afﬁiﬁ“b'“v@F‘@JRE 16 and 18A-18C,

[O¥8ST e Bidihee 21@% YreBEHemtié & Fé@émaﬁlloﬁse& aQbmpRAeht@yQAuaPbr multi-
the electric field programmg | m according to one

bishperaersteei. ingfudingdirg mesony cqﬂﬁwﬁg P thhapmwiss traEigrgnd electric
f%l%cﬁréglrin%ﬁ&tﬁ@ﬁlesﬁbm fﬁﬁll%lé?ﬁeﬂgé{nﬁ@sg&)hg %I‘n'opy Jeﬁ mﬁﬁ&e&‘f’-@ﬁdnﬁa access

a nenory array including a pluralit
tr@mr@n%ﬂpcamyﬁﬂé mgprrmbled»l—@mble fign el@mnﬁpﬁceordmsemegn
rray is conprised of
e%géflﬂlﬁrg?%? of P’ﬁ?? Jc?tﬂgé ﬁ gs)?gﬁ%%mtﬁhe electric field
[§066h;r aFHRBRES 224 iHusirates bidck diagtayneichematiq e¢nresepigtion of a memory array
11&“('1{\'% pg%{'%lg? fr(ﬁg@{e%tlag ﬁlglné%c@gfﬁceﬁr k)@%ﬁﬁe ?f%l?lgg é6n %%%Ay 18C,
vihpreirthé mamoyQe8R}s chinpYifRe oP2pluiatityzpf b!ad@kl layers 9f tnelectric field
I3t "
pFﬁ%parn'ﬁF‘ ?:ytﬂglfa%g o&?ﬁcgvﬁqg(?ydlﬁigﬁ(mh %}f Hﬁll'ng% c@%l%rn each layer of the
nemnspdrmy detEURE® m@/mbg@nem F@lWﬁSPMenvenmwr y array is

ri I r
BT FRAURE 299, dAH et A5 EhEEE U RS s g
pbll’iéﬁ)eciﬁdlflfdlmlat inemory [celd)] foFdX@UPES:ImREEﬁ@nd [1BAgBE avkerein the
n}ee)én%r %soc rp?lgedd of rgs(p I?{]e(%%ﬂrhg S@En Bt ?t‘iﬁ@r r(?%¥§nma \‘?\‘i@% géclagimg to one
emboxbmsmtof ma$sres¢rmrrs/e1arota f abr icated 10 in o’ne or nore

[6()% el eé(? JRE ?i fl]%glratles b?ock dlrzlgu{al'n %he%an% I;]e%resé&ngt h3t§ )nemory array

mcludmg a plurality of complementary memory cells of, for example, FIGURES 19A-19C,
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bi -stabl e el ements may be forned, disposed and/ or
| ocated in |layers or planes that are above and/or
bel ow t he access transistors. DETAI LED DESCRI PTI ON OF
THE I NVENTION [0071] In a first aspect, disclosed is a

ke rﬁgtln&rg IQ?X)‘ Qg rﬁ'{g}ls@& Smg{a[@%? 'stﬁékggf 2&9 of'the electrlgi_lf]leld

electric -sta el ene
rregravsablerfimand { foecmyy" ble:l\ain(gl\arldtrahm ©f memoiy-celhwin madh)layer of the

RS/ Sheal BGURE B onl B0 By SRR prel i, A2

regi-on the e ric rogrammbl e
[9691st aBIGU IHE ZIEI istal blM(aihﬂgmneiepmtau()m efranﬂaél'y array including a

pl%fall 'H/eocf cpmpfeXx ntar :e)(f;r;&trl%gelf W I{ S %rggqg ﬁ%ﬁgg# j?.g e1)96 %ﬁeéem the

mationseraly Imﬁipﬂtddrof oﬁealaydr iof ﬂib ekecisie Field tprogeananidble film, according to one
ecgqtro I g) ng and reading of the electric
PrEracse éen B bi-stable elenent. [0072] In

[097e] enBIBURES23A-2I@ilbiextd éxemplatycthfte dirg@kiafalaknfry arrays,
DAFATRe, SUBEnly DRV, o8 Lo ot moce LTSN e

incdna bﬁﬁlb&ﬂh)lfétfsl (& ddﬂmbﬁ[lf&ﬁﬁi n&uaéﬂ tweesulaitraw)l énd a@m t&ll@,sragrammable
anmpl e an 0 |ta st at e)
b'eﬁt@&et sleigerky f@?yobeﬁP@gega(ﬁﬁm for logate(] i laYéTSé’n‘rBH{‘esﬁﬁ"\} agggbove
adpsrbeloSaRk stkesd BensforgIor € el ect ric field programmbl e
films including an 25 el ectron donor and/or an

el ect ron accepEDAIIBINDBSCRIPTEONCF THE HOVERTESN ept or
conplex The conplex may be di sposed between two or

rods ]. The electric field . .
7 SEBRESRR gbeied o Bimfe S50 b Sef pnicmgiogpn an et
field pmgramamible lflstt'aWer%mBht I'Ble hapssasasitial mayebead (N-dhanthbigP-channel)

of .the nenor The. fie 0 bl e bi. -

Mﬁﬁnﬁ rea l%(r)rrteellr?tv ned %{Jtre 04 'rlrzge %amﬁe%(ﬁ‘ g le?{?gn%egfcé“csr?eaw es
pmglanapnp]em -athble or mbltisstable dlaidne(heeimhageoliatiadly, 391ed:tﬁaﬁéld
p@%ﬁgﬁgabfe%‘? Ptgblg glterglg uglessfegpreé%{\gw%cgteé ?tﬁt&ravls% e er'ig??ss transistor
fzdﬂmm&’s selaclive anddbnebleble Poprat R Rigtadd readidlg of thaeletiefiéld programmable
biC ? r 1acc(gpt or within the conplex to exchange charge,

al't geee'?é‘ ‘align, arrange or re-arrange in such a
uom]ner In\ldinle ehbocﬁmbmdhe aumex&aﬁ prdgfamﬁu‘bletmetadlate&nﬁhtqir@sdes two or

C{lg elhect ri.c. fi g rmabl e.bi-stable
"‘8T° Hent if“‘&ﬁepﬁ SS?C‘S'H%’C%Fa‘iPdF Acteriptic is mpecsmwéwa of one
s age ﬂ’ﬁﬂﬁhh@lef arl siBlog e dipit edted rrvhe! dldctﬂ:‘ctffeﬂi ;ﬁdgrhlﬁmhlhe bi-stable

literat suc Pr ovi si onal licati

U.S
clempnt gpay COIBU}SSQ%&Z‘ﬁ@r mQWtq]elcF&f’eldl\lﬁﬂﬁfi"?mEﬂ?lPE%%‘“ﬂ& R&an
eledirolldefdrahdor dni eﬂﬁcdorpicﬂ@'t@*mf &h eﬁécjtrﬁﬁ donof hdBftoMVfpex. The
24, 2004; WO 2004070789, entitled "Rewit abI e Nano 5
cagplexpay kedispried Deivween Proosmogs deckiodes Devi ces”: Nat ure
[(lWﬁ’Ci]er | The e([%&&“f)ekﬁﬁr&?rﬁmnﬁﬂl@ ‘bﬁ:?tgble 8Bhédt bﬁ)@xdes a resistance to current

"Progranmabl e Poly Thin Fil mand Non-Vol atile
flgs iy r'~‘§) lﬂljémeteétamfaﬁdh%&gﬂ staseiofphg wpmery celbt Therfisld megrslpmable bi-
stabid d¢ment &liFogtdrrhed AL bi @6 datMHt‘éQJnﬁ‘h:)ﬂh@ath%?B GiaBtk voltage to at

Bistability of O ganic/M - Nanocl uster/ ani c
leasy gpegfithe emérgécwe wingrin é@cmﬁelﬂéﬂu@h H\IPMeeRupesy for ¢X8mplg) the
elRItBR A6 RR And/&Y anteh:@trorf'&@éﬁ(ﬁ'(ﬁhMBteancglecﬁbr?g rok- Qcct:bt@nj Whthin the complex
programmabl e fil erence
topEkehapgeshprge.| atign, re-pligny a@@lgp onlre agpngg if pychp naigmicwhl@fls infligative of
oI &R Nhta stafyeNt i on i ncludes an access transistor 12
and electric field progranmabl e bi-stable el enent 14.
The access transistor 12 includes a gate 16, source 18
and drain 20. In the exenplary
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enbodi nent, a body region is disposed between source
18 and drain 20 and is spaced fromgate 16. The gate
16 is electrically coupled, for exanple, directly,
capacitively and/or inductively, to 15 the body
(0098 ONTRS 1 RAGFERI progamimabie bi-didble LB R Ima @m?%'}rtoﬁé &k more of the

enbodi nents, gate 16 of access transistor
elewtrinBeld programmpblerfiims esarbeg and illpptratad ip theViteratgreasughy at ip 81-S-

P%'vgﬁﬁ%l A&%}ll@ﬁ‘ﬁgﬁ §§nat1 N@ dﬁtﬁcﬁr% ]e%tl{iéﬁ mdr)" f)@\h@es 'B@QQ b 8lectric

or WrI ta into electric fiel
FioldRyomrammbhle Filins' sflab Meareh 24a2004; W 2004810789, @ntltbﬂaﬁgw'@table Nano-

Sl!lzljfa%JBFgalllc%[l&ﬂ al l%@able Ilﬁvntc%k:’ SNJ %(geruh g% Ef)?%l r18"92§l’n entitled

si‘gna on si contr
Progrhfhn@blai’elymzﬂl' loh Ftlmané NSB-UIOlallB: M{:IOQIquVICﬁ ovdhépplied Physics

enbodi ' Q
Leﬁre6sg@g%?93, %l??-gl fl%’lg F}éﬁ?ﬂegl gﬁ@& a%% Aélgcg%a?ﬁis{ab‘f e)r 6f%r?amc/Metal
NEzldcsier/Qganic \Siystexh N ﬁxesmefemnt@sdnaydaegan&altdsﬁfoofypaelqussses for the
dlﬂEﬂt the signal applied
iR af Fscudiriesd Probirme AR PO | E ot P
[(]Oﬂﬂg r awithlitferebde t6 FEBURES | &r€Ninethdrytoell fldof 4 futsaztspect of the present

readin ata fromor . witing.data.into el ec 5
P TR AT BN e SR e Fab b sufgelement 14
TROACES rdfistir 12 GARISs 4 8056, Sdudde [BZndayin2®. do theegdmyslary 0

field pragrammabl e bi- stable el engnt r.mt
e bSHPeIE, ARCARER G BRGSO TS Sen PGS s from eae
10 DY AEBHE deddicall§ taupled, RF eimiple, difectl(,SapackivalyRid/brihductively, to
In certain enbodlnents source 18 of access transistor
the pody regiop phaceess fapsitarl Gnal line 24, which provides,
[0‘006] eXfgektin embb@inehite 2GR 160 hagR thafsiNG Iy contddied t36ignal line 22,
(See, for exanple, FlIGURES % nd | O OO79L Wth .
WP@P 81‘0&?6%3 teitte] YENRES agogssRpsigter %B 9 facdlitatgjrepding data from or writing
darhesiéieeid feld ploglahmaBle®i-sable elsﬁnemtma(sdesméxaﬁ@let BIGURE 1A and
connected to sense/programsignal_ l|in

16118 &t ety tnepnia sl trabrd o segakie: GRS AR o1 st
opﬁ&@@kﬁly (not illustrated). In another enbodi nent,

rain 20 is connected to . electric field_ pro ranna%l%
[Q9i77]st by s RmenS, 2ot Popaecisd i eleqtigitlg programmable bi-stable
eﬁﬁn@ﬁq/tt QS&?fo@@ia%ipﬂan BIGIHE I BY)hi2h is donfRtedt®Fate XQUcess transistor

. In the enbodi ments of FIGURES | A-1C, the
laa’tnahli ombqdiment, the wgnal pppbied erssignahlines2 s arplipd diFretly fodigld
R)?ﬁi%ﬁl‘%ﬁ%l-%bl@ leRfeht 19 tb fa%lli‘i’at@feﬁ’&ﬁ RoM opbvnﬁﬁgﬂ%ltaﬁnto electric
enent Is stored in or read Trommenory cell 10
flvlﬁ@rwyeaq&rlugraalﬁeéqngaﬂw line 26. [00801 Not abl y
[(YGSESS The 8RRk gf ackéss MBYsif& 12 Sy HRbAre6Bd to%feld programmable bi-
non- symmetri cal device. Wlere access transistor 12 is )
stablpplementd4ito pesmifireadingglaig feprmgrayriting data indo elgetdnfigld programmable bi-
stabik @l%ﬁl@ﬂrlge(@pé pIGlh@A@Nd)e Tn cHAGT EnRAMERS, JLRBIE of %Q:Eesgr fansistor 12
I's a non-synmmetrical device, source 18 or drain of
lsa@e@s@d tr signal kneci4, which arpuides, farexample. aireferengecvaltage to memory cell
19 ggg Fo?'exarrg;@eo'l:f&lﬁﬁ’@?ﬁg d pé ion and/or doping profile

characteristics such: "©he source or drain regi ons
(9791 ndfithayharence to EHFUREY il dand 3¢ én cerpincerhogimpents, drain 20 of access

tr%ulmesfogqs?s%gﬁeg e :Iéeg%% é‘gl ig'ﬁzﬁtlllng & (\{v %r/rgil/ecglleqy Lr{dl c%rrltrollably

progr anmab el enent e one
cdiected to rafl/writecielugnt (not1strated). n atptieenrmbddemérit] drain 20 is connected

toFﬁec?rlc f%i(g%rf)%rg?ﬂal)l%% Lt lg %e)&%ﬂ lQewlFJ:h gtcsxin%ct!::d t%lsgnse/program signal

heenzﬁa (Searefiot ¢xamplecFIGURE 1<é)L dn the egybedimaih of FHIGURSSAMN- £C, the data
el ement 14 provides for non-destructive readi ng and
i ncl udes bi-stable smﬁtchinglgr bi -
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stabl e resistance properties. Mreover, electric field
progranmabl e bi-stable el enment 14 provides a

non-vol atile nmenory cell in that with the absence of

power, the data state of the 15 nenory cell is

stEtF&ae' Qﬁéjr Elg}al?e?&&ﬁfeﬁt ﬁd rgseﬂlreﬂ’w @l@Hﬂphgd f ‘irﬁimbfe bi-stable
00821 Wth reference to Fli in one

elementy |4hns ytoeadiio o mashfrom alemeryrdet] 10 ivial Sdnse/pmgqnambll@ 26.

st a
30, R BB b o 6 MR B S i
“&haraaoetsetrarststoc 43 iswhmwmeticli soytce\ldlanchdraini2g aarmgwméaily

miﬁc%%?%ag}erigllton ‘%é h%l’e Féé%%é@gg@?#ﬁ aq{opeglé‘x;&?%ﬁ?l ﬁ&? rs»]Imrce 18 or

dqarncag)rcﬂmbd tmnkxstost?alblvedmreet aevgnitial, pHysical, fopng @nvasttation and/or

RO bl Aeshel I NPl S Py ER Rt device
aﬁ&ﬁﬁ@llyhbﬁﬁteﬁha@eﬂml voI tage | s appl i ed across

PAEC" 8 eniiref AP R IE R B@Rl Pi-Getis Gent 14 may be oneor

miofeQd| rugmhioendm prografinable Klmd&scribéd ﬁlﬁi’ﬁﬂhdﬂﬁtedm thb Electric Field
secon te avi ng.secon resi

PERE L 1 Lyt APRIRFS AT Py o ieph §Sig e grogrammable bi-

staplp Eueﬁxamaarp&afsdee k2 aibii- uestrﬁuede dedﬂfn@@ﬁdimﬁﬁbés&n-bdabls switdhéng or bi-
25 el ement 14. (See poi nt ()r {10083 E tbhe fi é

siable FesistageproRetisss Mogop e Flectir i BrosRmmabls;b: “Sibjpplgment 14

pRVRIBENhonLbIANOMERES call intRAtNith\R dbsdrodiof fwieh iRHag: stale of the
el ectrical current flow. and in the second data state,

memapt Geflds Fefagied in glecis fighdvenggrammable bigipble elpmprt Af- 14

(008N i d&SitrefeRingd ﬂomMRhlzgi?. one Skeniphit ¢ EmbddiBére, Qalerctr{éﬁﬂeld
current flow. 30 [0084] There are_many materials an

Pfoé{?mwaalfég-staglepgmep%léprwd FOX ] flrsﬂ_@ta §9He {tleﬁﬂ?q,)(g)resentmg first

re@ﬁw&&a;aaaﬂﬁic@tvq{en 12iran6apt esqpplhesa aEtoeJ éieclﬁicqﬂﬂ(ﬁﬁﬁgrblnﬁlable bi-
-stable elenent 14. For exa

sghlp clematid; SeappuA ot FICURE 2) b SR e getggamable bistable

elemBMS4S4 FogrAdn@BYh d REddRLSAY @Rreb$ pfebéﬁﬁh@ﬁ! second resistive
inmpurities of a first conductivity 5?}? and drain 20
h

champlarist); orpeares| s figt daga state gyhep nithise ag§is applisdyacrgpyplectric

fitld DRShYarh REHIOB - sulbﬁvéléﬁgsnt % Kele bRt 3P RGORE 2N T he electric field
conductivity ty . The gate 16 (a 35 conductive-type

Pregtagtnable blﬁt@bleéfemm ¥, reladlﬁ%mahe sep@ndipta st BliRg sgpond resistive

cﬁh@:ﬁ:vérisﬂcsg QIRﬁ %eﬁﬁ‘gt%hz{g'e GOIhini applied a@nloﬁ‘scéléclrwelld’prswhﬁge bi-stable
(for exanple, directly, capacitively and/or

elemgricli (Pe¢ p9ink2§)-t he body regi on. The access

[d0B3NS! % Ak flilsg dATRYtal® eelécﬁfp:rﬁe?(ﬁgrgg'al‘rlﬁiaﬂg bEAIEALHAR A provides a
materi al s and conventional ‘sem conductor

refativelydew ersistgea te eleptrigal estrert GoBEAnd Ap the sesarnd daga sjate efpgtric field

pﬁ)ﬁgﬁ{lﬁﬁﬁe%l BYIeREnndd ﬂrm&s qrx‘el!)tﬂ%w }ﬁélpl(:mgég: Yo élé’d%?cal current
waf er, access b5 transistor 12 may be a partially

flgepl et ed (PD) transistor, fully depl eted (FD)

Si [ f e

(RS T T U oD e YA i
a¢cmnsans§tglrl2(ah§|ehctrlFE¢ld)pr0gmnm¢téfs@ sgqbb@dhnmht‘ls JFopexample, where
thtersglgkﬁja 91 blﬁg t)ﬁg%h%ns afpr a %uags%stt?rdn%z{ngclude sourc 18 (having

conventi ona erial 5 and conventional sem conduct or
impunititaoftafirstrogndue Gviryi typed and ¢raig@6having impuaritish ef ofirsd@nduryivity

I Vi a

t@ a%&i%ﬁmd?%&ioﬁgﬁz?&lg &\ﬁlgltl%g of %seg&%ﬁg&dgﬁﬂpt el}'a;!/‘ﬁ)% @&%S(a
corglnotive-tppeymdserial, a‘brqxampleoh mttal; mital ompowrd arbeayily dgpedpolysilicon) is

(in addition to or in lieu of the substrate) may

include transistors. (See, for exanple, layers 68 in

FI GURES 23A-23C). Indeed, it ¥ay be advantageous to

re-crystallize a polysilicon |ayer
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di sposed above the substrate in order to enhance the
operating characteristics of a transistor disposed or
fabricated therein. In this way, a 3-dinensional array
of menory may include one or 15 nore nonocrystalline

I [ it ] §
Ry TETRCHALS YRR POy L Rl
Thieadocdse trersitor h2 mag he fahsieatesl using @@W]Bnti@tﬂarb#tyﬂalmld conventional
se%cnéndgcrg(g'%a%s} Qtu%m%teaﬂl%c{uﬁ or 12 may be fabricated from

any erial, organic or inorganic,
[0085] udAth‘mftxyBlyedoamHsmate gy b@m&lllcar di-bheylatgeSONUmpe wafer, access

RGN oy B BRSPSy 0TS B Bl VRt

gdi¢ @asisedt (for exayipla) doableer friphe gathahmijorvfmt-dlnamﬂ fisl& dfifectttraasistor ("Fin-

met hods of f ansi st or
rp e o MEs o | it H ber R hthe gofventional
mhtﬂﬁﬂﬁh aﬂ&bﬂ@ﬁ@ﬁl sedfi€ndidt&t iﬁi&dfabt@rméﬁﬁcMTduhd; nt hfe scope
t he_present nvent| The. e ctrlc I -
Pr aRREaREY LT Rbte BiTeiREHES Fam i B Prsasphous siicon
Inthis Ry, o PdimeRASHIPAry o&lmém@fy rhilebedfhisiithtet Whédeml oile or more layers (in
rogrammabl e filnms describ in the re erfnces

P40 o 1p ey efghob B QU e BT e SRRy yers 68 in
Ff(ﬁmmﬁ@ﬂ\l 0t BRIREd, AURS), be ABVEAfAge e kd re LOystBlize ar})t’)l@ﬂg&ﬁh layer
via a nunber of Ia outs and confi gurations.

dignosgrhrbeve (i substrale Bt & gance rReaine %"’@f“‘eﬁ%’r‘fﬁ Pl teagpistor
didfbsed brlfhbchid Bereft NR WA Waah |3§ﬂuh£hsf5hﬁdﬁ§y bf emdFfyhah ‘ihclude one or

fabricated using different materials, technigues and

mpgyeRROSTystellingsilicop on peapicondpeter Ipysrselineasiditiop fp gmirsfipgeas thessubstrate)

hAitd tthnsibtBrs ARBose & BRI FRALn s¥RMBEX. cel | 10 is
fabricated in and/or on a bu] k- type sem conduct or

[0f8Fler Notablxsaszpniiened belawetrapsisioe 12 may bslabricateddiost ap 12

séﬁﬁ&onh@ctlfr@maleﬁﬁlt 6dadié 8Mhordftic, Wi yaghg e} éxaj‘ﬁgQV\ﬁh&h carbide, gallium
conventional naterials and techni ques 0901 After

arseflife; RRCNGFFNGT ThEcEASISIOr MANRY eried 1D dep&%m &ode orgahaycgment mode.

TROuwarRREr RGPS Wﬁﬁ‘i(ﬁf&i%léﬂ% Withddt 8 ?ur@@or{mé{ll REthb @ oMefbricating
and/ or patterned using conventional well known

trmﬁs@.r il 2(and prasrials pggdphesein), whetheragmkapwh pglﬂqeydqébw are intended to

bePQitMﬁ 'tl{e s&ﬂﬂ)of ﬁl@%re‘ggﬂ‘{rﬁ/gﬁtiognal deposition, lithographic
techni ques. Thereafter (or concurrently
mmzs]h t Ebe eflmtrrnafiqkbprogrramg@hl@év prakig elamendildmaly bp ifqbelca%& using, for
<HoE) S5SNI s S LGy el gL AR B i v
[00RY el bradditide t@Bamagyialp mcbfabxmaumtpqﬂmmuw FemeEt qeHlg may arranged
vial %mpmgﬁm AR brticHOPEA xS GARIUERRL 1b i:ft;UREs 3A-3C,
exanpl e silicon as alum
m@mp(ymeu i, 1g@lrdted gqhbmetncally mﬂl(}ﬂ@@rimmap |bafabngqu using different
[ ' - Y

l’lll Z}th%légg ?a\/&gs I% pglg%{élg%étg?é}érglﬁcgg(gpgﬁf S 31‘0 fmd 4, in one

elpmduremaubmmy el kﬂom fabritdtaiiahndor onel Uulmemnﬁcwbdumwafm 32. As

m‘pl?tfot;lln& %Jlil)gg ac%elg] Otpa%%l]étog g%rgg)l ?eglégljlc%teg :frgc d Jg%%é\ﬁ% (ér

cmnynmmﬂUanhB@mmunhngmdescr|bed |n Electrlc Field

[05}" gtr ?gﬂgr glggamwsfgg&gs:tg%xgﬁgp Li c%tlsta %%anl? 3 fse se/%,rg%‘ram signal

lisd m}hiﬂﬂﬂor&&h ahdiyr ;blﬁexaed asiripchioatentianal wpik kﬂmtrﬁfmtaials((f(ﬁ rexample

SR TER) oSBT SRR TRy e

tegl(ﬁh@hes STheyearfter (6Bdonbeentlyrwith thatforfation ffaskhsadhragbam signal line 26),
tungsten, titanium and/or copper). The el ectrode 38b
may be deposited, formed and/or patterned using
conventional fabrication tecHdAiques.
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[ 00921 As such, in this enbodinment, electric field‘

progranmabl e bi-stable elenment 14 includes electric

field programmable film 40 di sposed between el ectrodes

38a and 38b. The 15 contact 34 connects electric

efeht%dg 3@% S & Eqmldeprggralggﬁg% gl—?tl)lﬁga@ﬁlelﬁ 44 mg He fdn'ﬂed and/or

particul a ect rod a) to source regio

pattreredls The alngroslt: 8%a may, beTah@n@mnmtype Mteaﬁdfoe bmnl@dée@sa doped
A | .

LB ar0E 5150 FRANGEH Kl P FEQHLACy . v

nmlx_bgerammptaltiemﬁ,l dauaddlﬁn,amtgpteﬁ,onammmpd/ez copper). CEherelegirarde 382 may be

pccess I st.or. 12,
sn?eq, aorréleo 1 andfor p&?enred usin n%{;oenlylng oga S (\ﬁyep qgé%/\lv%:) El{)ncatlon techniques.

[e092hni qlheslectthaﬁeld @mgmlmau): fdnd#Oonayrmm b deposttértorn cﬂmode 38a

th | | t
et AL SRS Py ] i
Thek¢ s Qe abide 386 neybe Gypoﬁﬂde rAsatith eddedodet B@Mbc&dﬁs?’%&iay be a

fapricatin rode and el ectr.od at .do . ..
chet Y Re RRIgHaT Gt Pl S dqpe Saticanus e e EFiialg Polyslicon)
ofhdtaPHys hﬁﬂﬁmmﬁﬂp@ﬁémﬁﬁ\ gxfld %llﬂﬁrtrﬁbly‘b{fehﬁh Cblzﬂfnﬁ@f paa@imetungsten,
film40, For exanp mat.er

titapi, [apd/or.oppsrh J%Pf eleﬁ%ﬁde 589 g% baéfﬁagre@efa"%mpgfw payerpedusing
cg,a,euﬁddagfagma@{@mﬁ@@s bel ow t he thermal budget of
electric field p S‘gram’r&blefllm40 w il ensure

[0%L+ r |‘°t§a?PChaH’o‘P’é emBpdjaERtgleqtnip tigld prograpmable Di-stable °‘Fﬁ“€‘?td4
iRLREE aBITBOLi&d blokRhMbRIFIAI40 dRpRRE bltwes a&%n&@m mm 38b. The
thereof. [00941 Notably, each el ectrode 38 (g

cpripit 3¢ sergets eleqiusiisld aroawamblef%sﬁ%la elemghy e @r?émcsllar

effd R8N to SBr&S thAbiS 1 /61 a0&k st s R B2, OThetohth&@M@Bhd electrode 38a
fabrication techniques. In one enbodinent, the 30
f@qx}g@tﬁﬁpodcﬁ!@@'@pl GPRYECHP 30¢ RPwide p lyeresigtance @eqyéen electrical path electric
ffeﬁiqfrbgfﬁhﬁsbxe ﬂﬁxﬂ’@@bﬂdeﬂ)r PR, sduddeBglot! B8 S¥hcésd drdnSisior 12.

t echni que and first material requiring a greater
[0®3her dt lﬂ%yebeoald"ff“é%??‘l?é? sBploy BatsHal ardfabrigaterptechniques that reduce

aB(%mInhﬁiEe théflxh&fct & QY glﬂ?vsﬁgl Ah %fé&tﬁbaﬂ pfdp@:'u@s & RARTRP| €
| m 40, electrode 38 fabricated, deposited

Wabﬂ%ﬁ%@ Js rweaar@eb%mbq advaniaggens ta prapley matesdls
témﬁlﬁﬁés‘%r fabrRating etlé'ﬂrb&QBS@ (hrfdl Rty & 38a) BY&IO nt)?@pﬁ’& ﬁ’Jt Hétﬁmentally)

brication, deposition and/or formation.

lmaaomy elegthigal @ndphysicalpropsriiss of clgstryaficldypr ngﬁtn@gblptf lyn 69 >For
S‘Jirﬁ&lé rehﬁ)l g ngﬁté?faRQfo‘fil mahée afubdlid Bt thaﬂrIa? be depos1ted and/or formed

eposi t | o I cation of electro may
using temperhtuses helwthethaweh! bnpdzgga’ Elertnic én@tm@rar@nﬁdﬂﬁm‘fﬁ will ensure
e Fal e e L
depraitimpfapplicgtiangheredfn this regard, el ectrode 38a may be
iC r i
A Sy SRR AR b2k A DB Bl AL e s
of rhiffetelnt watpwals usilgabe saime of diéfectnpiabiigasiomtebtingquios. - _Igtopd¢rabodiment, the
aVI o%e‘l‘ ﬁ?gg%%vﬁ ngét%qgﬁ)ﬂo ?? y%&h{)dé ﬁng\sll[aeﬁfsagcgglgfﬁrsn%d using a first
t@hmquedzmdal fegtmratasiaf jeghidnga grgatememjxratuisiof f1beitition, depesitontand/or

a Qrder £nhan reent
f%rgxpz)ia | lq“i?e grovg{{%,elecgrlc }fg‘p %ro%rﬁr’nmaﬁlg gg,te(rfecg})$eejgﬁ ?Pay %e
fgriogted inpdsite dnid/os fomink dusilgeanseerind Mhmqye dnd/otl sqz:omm{atenal
f%:s))lﬁ%/tlmé r?crgl%t?vs é\%lrg\%nrzl%x%%%gt{l%ngf I'lCESlO{l \é(gs'rltlogtafmlilg nﬁo %on In this
characteristics of electric fleld progr ammabl e
bi -stabl e el enent 14 are enhanced w t hout significant
(if any) inmpact on the overall dinmensions of nenory
cel |l 10. ' 15
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[0097] Wth reference to FIGURE 313, in another

enbodi nent, electric field programmable 15 film40 is
di sposed directly on source region 18 of access
transistor 12. In this enbodinent source region 18

vs%& tﬁ dglgaﬁéall grni?orgxr%s]q' Gl %%%Ta@l of %f‘l’(é g ﬁgltd tppo%?anﬂ'klsb% ﬁlﬁw{d After
dt:}lmsmoeIaMﬂdammf elpctuvlr: d8lsmay bed¢nhtncedbymarotamed onpact

{)@g 3: ofmo:g] %ﬁ)dﬁen{fl ?}ec%é%as?l adr dejgﬁ ma? e%o %or%ﬁrtlsed §f materials

tl|fmt pllﬂoznle dfffarmgeleceh(atl thaedcteriktins g miﬁ Irﬁgal‘de glsctokle 3808y l:]ecfabncated
i 0
sl 3p Bt Sl PV Pl e it Bt T 69 PRI Bk . 1n

tieib @8y, felectrit ifieldprgpragmnatigrbibiiabldilement biney 'ﬁl:lamazm asffimetrical
bet ween nenory cells 10. [0098] In yet another
TESRURE PLPPAUN odi ment, with reference to FI GURE 3G,
[«éﬂ%]:t r ;Fdﬂh&&ﬁmaﬁw/ad?altig%ﬁmd pﬁﬂgig @reclgiaﬁﬁrp?@(ﬂarﬁxﬁable bi-stable

i rect contact source regjon and extend over
e!EB“’“ﬁ]ﬁ‘%t“Hgé lazgRASER TReFfer to h%‘F?/thEé}“F“é“ i@aW‘??ﬁﬂPFr%Pﬁ AS S“Ch
eREHR YielBYodrAihAIEDIGR MR Sdmen® by B\ Gypokdd abB& a%éess transistor and
el ect rical gerf or mance/ response of electric fie

eb‘F PERAsiBRiECast Patioefegats lérré‘hihlslf’lﬁy( e elgetrieal ﬁ'éaﬂ“er isties of electric
ffef&%r@%?ﬁﬂﬂhﬁ‘[@&tﬁbﬂaf eldthd/BERe 3Mhaaid withdht s%ﬁlcﬁﬂ (iffaBY) impact on the
exa a rel atlvelﬁ | arge surface area
W@P%énmﬁewswérng@owe Hfess of electric fi eI d

[0999" aW@Pieferdnké R HAGUREI3B) 1Wth@13enﬂ&ﬂﬁneﬁa§lel:ﬁ/ic field programmable
fabricated and controll'ed to predetermn ned

fdp iy Jigpasadatirectly ampouree 1egtond B f access tpasjstrrtld. 5 thisembrgiment

souficedegith €8 S8 At t¥ondBiNehve N £ i urBRIBEMcHE Ifleld:laoogra%q}nable bi-stable
which is schematically represented in Fl GURE

eleqiest ke derstch, Biiscanbopignent prpyidesragglptyehaBpie cowpacs {amtewth fewer

fﬁrﬁmtstewmuaav&@nﬁ@&%&ﬁ of mﬂr@ §A r RAH@Rord hi O mBYIFHES® may
transi stor 12 For the sake of I‘eVIt t hose

pEnvide farsd tslatvaly larege tyeknses of glsetsie Sgld P‘Nﬂéa"@ﬁ%ﬁ etk which may

eﬂm e Gﬁkdrmi]& of kG pr@})&@ésfch&raétér%hgs JYleRekie TR &rammable bi-
bi -stabl e el enent 14 connected to gate 16 of access

staplgslementold bepveen iemerreeelle )i y represented in Fl GURE |

[ﬁ98] MBY;, At SRothe ef(@rmlérs; eSSt Nitfieft S SR FIBBRE I BERetrode 38a

techni ques and l'ayouts. For exanple, with reference
nw be famrg-amior paterenddo dingsdy icomiant soul@ rpmwb}%/ar@@wwenmver gate 16. In
f
SRR e ED C1R10 R ety b BeREPBERBED ey in e
efecwintl eadonmaneedrespende of plestric Held @mgmamabtnfmstahhtemeau I (with respect
t@{l]lg emBgcﬁEQr}tgblfqﬁGUiigﬁg lan’ﬁ‘fﬂﬁ l’iuef 8! %f’ &@Hn féga &%‘ixve% largae surface area

concurr ent access transi sto
agdireiptivle] 3 Burge tﬁlClsnegmﬂ elecirgdieRprogrardmglde Sl ﬁ@ whichmay bgmate easily

f%“}f%?e‘?&d%*f&@d {qaﬁ}gde@eqﬁlﬁ,gd gﬁgg%f&gguct ive materials

exa um num or ‘hi g doped pol ysilicon)
[@1698] f oNetblyathd layputp af H@MM eB@ gre@qmllenpplmblb to memory cell 10

‘“g‘%ggﬁcgéfgﬁggly 11845&(8%% r | gﬁgﬂi F%C%Irt@g 1rre cgf?eld Ellagﬁammable

bejtahreeltmdnt 14dscotireted lnedrﬁmrremoil M/amesspmntslemnbli Hor twnsake of

b{]e Qégﬁ: 56 }rfﬁs%ugy gnﬁ S g?xo et}re 6epegtggﬁ%? emboggpengo mcgrg qv celYIO having
ehmlalﬁemqugrarﬂ:ﬂabﬁsblatdbm elleiient Dﬁhd‘oﬁmcteﬂ]to god th of&lcéedeﬁansmor 12

| a adi u st en i u :
ARSI ey B R ot Thes b A6 g AP P
tdcbiiigied asdEfuts. [Fat &xampid with ref¢rence GmHlE]IIRE)ﬂQ,l in 6fic embodiment,
wel | -known fabrication techniques. [0102] Thereafter,

electric field programmable film 40 nay be deposited
on el ectrode 38a 16
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using any of the techniques described in Electric

Field Progranmable Filnms Patent Application. 15 The

el ectrode 38b nmay then be deposited. As with el ectrode

38a, electrode 38b may be a conductive-type nmaterial.
m-lélr}}%fyecl:e g fglgncageg 1r€ra'%1r}/d/otr)%n%lj Bl?(‘ctl tesgmlcoﬁéu%g w%ﬁ]:ﬂ/.’;? The access
patt’ef ne u3|ng conventi ona DT Cation tec

up kIO 12 Aty b Edbricated frérh andeusingdialismbwn e emberitiondl makednals and

¢ 5 grannable bi-stable elenment 14 is disposed above
5CUAYE transistor 12 and includes electric field

[tpmog r ammbfaencfaluhmoﬂ Gondusmlseld:re“am) bekwarnsiabrelQt ¢condes 34 and 36,

sxlgp |llae gz} 3@$ S!@%ﬁ%lts[glg%: 3161[: 28 g{ag ﬁ%ﬁ@% nagfed(ftéqixagcl)rﬁﬁctwe materials (for
eRabiplé, Glhidum 6 IBgHly ashed pAIgsilidon) gritfernia afd/obaemed using conventional

tranS| tor 1 041 mentigned above, Lt ma
deRRSILAR-a s E’F(ﬁ‘[‘@ﬁﬁ#‘%‘eﬁ‘ﬁ‘ﬂ%ﬁef a gﬂﬁaocf - Pt%l‘fq“&ﬁﬁetff
ph@mﬁmm stabRlelehRAULEMANH e BinbdEhd/6r pafembdRab ta cOuctive-type
hysical and electrjcal properties of electric

t he e
“fai‘eé‘lag( fo5 ey pRlpnpeisplyrdopsd sepyicgpd 110%6 £far ¢xapplecpplysificor) qs metal such

a§hl@§nﬁﬂﬂle£ﬂroﬁ1ﬁmﬁ ?aessﬁmromo@mn&a 1O, bﬂﬁdmn fungdidh, titanium,
roramTabIe m40. In this regard, I0|n

an%{?recpp%ﬂrk W&kot&éséﬁﬁ may bedapasited maﬁﬁcfn wﬁtfpraafégsmg

c&xﬂ@ﬁ&ﬁnhidr%ll%%&Tabfn@a[tﬁmécﬁx{] fe8chni ques USI ng bel ow
t her mal get electrlcfleld r anmabl e

l¢1|0P]m 4 herpgier f%tﬂcéﬁtd miegrammatle Gl 40 B’Bbb gppsitefl AP plegteode 38a
uElhg any MQEchgﬁluésr&s&Jb@@;nrﬂl&ﬁllc ﬁ@q/l’%grd?ﬁ}i‘a%l&ﬁims Patent Appllcatlon

egrit ectric I'd programmabl e m 40 afte

The pleeiiode éﬁi mppihprebg deppsiied. Ap with pleetrgde 884 ebﬁtsgip abnany b,e a
cgﬂdugﬁv%Qy 3Ratk G 0Pe MREEQY B mé}cbe Qgﬁcﬁge(ﬁhﬂl\ﬂgd arﬂﬂﬁ" Battemed using
el ectrode 38 may be fabricat deposi t ed and/ or
comyentiapal falrrpationetedmigicsr di fferent material s using the
or, fer
(PP oSl 8B4 8, A O o ey 1
disposge alfaxp ﬂ¢CG$tl@dSlSt@Ifek?cﬁ§d nr@wde%ﬁiwrm fifldprag@minabla §ilm 40 disposed
bfzt'v\reéﬁ eléc%%ﬁ&' 334 anﬁﬁ&@ fel ?chfcal%ﬁt%t c@ﬂ Et@ gfé}:thb RB1d Pr é ammable bi-
greater tenperature o rication, e osition
sfable gietienin. 4 (Add; erpaprcglar,@lenbgodel3§®tt¢ gyeflé eﬁ agcqss Uglsatmzhbl e
4 . o
[(Ejlﬂhjn (As e%tri Cf%h %9(# e ne Eés)aluﬁglytgggté{ %%5’%’2&‘%%“&15 eamd fabrication
t@huitluns tlait n@ﬂumdv’ndmmnec thelimpaxe o1t the ahysivgl and elektaical wedpyrties of
Legt\rggrrgleltdg)?@g%{r%ﬁee ﬁl%I 46 (%%cﬁg ﬁltb}'lgzﬂ ’01r1 ?tggﬁ s%bge %F %p é/(%[tlon and
formtatigr cpftf;cld;iroghlemhble (Jln‘n #@| I tiois mgmantmuﬂb)eng rhatbnnalsmor example,

afifn{,'neurm deg %%f)& Iu%gfcfi B l 3)%%?1'?{0 bfé)fnfnv\?)lfl?echrrnolgees u§i§€bt{fc‘g\¥ th%%hermal

h™refetrenc
bEdMElditﬁc fneid Eograthmable fibo d0)fenfabricatisg¢ledtroddsi 38b e/ill minimize the
di.s t I
Iﬁgac ?nalggglgcstrslc ranaC{r/]%rlpWYSICﬂ] ITZegrxt E lC(iL n{()i(e?gogr[re Tghlgf’al{n 40 after
dd@sinbs/applit ativatof elasnaﬁelamrcgtaanﬁzrbwanﬂfo electric f| el d

RSB X 605, EL TR o G T M

famdd Bomnkdy/sabe of diffieredt mata'xﬁui!sr waigithy sameloe diffeteat fabridadon techniques.

rg %gﬁ) %lgﬁthfel e ﬁ%gga{nﬁé al?qvg%gcg? éh%ifaég Bg‘ﬁagnwe% %Eé)osned

aldZ6rToinpd@sing @ $igst tdoRtqerinll B @irst SfaRFiBITE@Sring 4 geehtea I@@N@rat&é) of
i ne nd sense/

)108] The . sig
i ﬁ%m%adeﬁwl%em%b%m@a 6t RHRR BlETC A et ALl film 40,
elet €t GRBIANEY bé 4BriciRIdCddpadi®d aihddbr fEpribdIkiAg a 8dcuiid tBEHMUE and/or a
hi ghl.y doped pol ysilicon) using conventiona
deposition, |ithographic and etching techniques.
Thereafter (or concurrently wherewith), el ectrode 38
may be deposited. It may be advant ageous to enpl oy
mat eri al s and '
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techni ques that maintain the physical and el ectrical
integrity of electric field progranmable film 15 40
during the deposition, formation and/or patterning

process. As nentioned above, electrode 38 may be a

sgc%n&j H‘l% elg}a/l%?c1l){tQt?r}gn'ar%ﬁ{1ve%1owelo tremggrgtnpe] O%C at %B%ﬂvénlg%fsu?o%pﬁg/or
dermnoxe)damtpk way, dielphdctrical and,kpr plmsmnhmtggrityi of eJedtriefigld programmable

flgr?{g% ghte n&ég&m (Tghflg:% of%g f: %{j 3§g}nnége targc%d or P&l%gm%m

[6A061RE Vgith yefedanic el @FIGURESB, hmmmet emlmyMt efectrie fivld\progPfinmable

(P i Bipsr P e TP pce S i 2t 8 DS mog it s 16 aio

fﬁd&ﬁoﬁd’@@ﬁiblﬁaﬂide of elédirid fifid pidgiamiynabR bi-btablatlement 14.

T N -

ThBRafeR raéc&tcemdfpragr%mble ilfth %0 il by déplositell! efobhed&i’nd/@} pmemed on
el ectrical properties of electric field progr

gpte | fusine. der campleyany obthe Lechpjauss descripaddn fhe gefpgpees glsed A above.

(01081L0] ThBGigha Kede ZNddtsgns@f[BFUg%’m QS BnOIh AL BeQidBositBY, f&ﬁned and/or
pertformed by contr ol anplitude and tinmn

n
petianegdranpepuduatiyp ma@&alé éf%a%’@a@ke i msyr fighlydogetpo %Slhcon) using

c@ﬁ\%ﬁﬁéﬂapdefpbﬁ i&h, hﬂBQ’gﬁlﬁmmt&n e chhigidse Tﬁéx@zmacmor J:AncuE&ft]y
exanpl e, th reference to FI GURES 6A and 7A,

t'epaqvatl@#éﬂcgo%38rfe4vme>¢ewmd Tomanbe asantzasensip ewplgv gwa@rlals and

tdchfli§ued2hdt %aﬁﬁln?ﬁlt: Q)E sichl ﬁid@f‘c@?fcm nqt@%rity ofSdidcasd i‘léi’(pprogrammable film
C|rCU|try her e Yy enab Ing or I Tst turnlng

49 dedrgthe ﬁmslnglt dermagorgang/os piterHaLRIP¢oys. 3B re%mlsmdrﬁgove electrode 38
iy @ balcbdub el @p&ﬁ&lgﬂi;ﬁ maﬁlgm a ﬁéa@ﬁ} SopRl SR ndddor (Bor example,
sense/ program signal I'ine t hr ough access

pelysitisem ppmetab(for exaagle, aBanipyn, Fchwmlgn ;BR)d, sikgst, st ypdenypn platinum,
PRI, t&fgktlm Jefi?anmﬁn ARFor Bppdfpny or a plurality of

nmenory ¢ In a nmenory array menory cell selection

[8109E ui tNWabm therpmpodiment of THYERE 5B megvidss  ehorq qempact layout of memory

cgl? 6 qgﬁté\grté) @ﬁlory c@l‘ii §§ gf FI 53/\9/( QVHIIE @ﬁpl@?ﬁ %e/r gfbla}./ﬁiron steps.
whet her now known or |ater nten

Miereeper. itierembledimen o) F1IGPRE 138 leefS‘éh@tellmvleumt@mn of g relatively large

tl%gl%n%;esn]otf ;Alggtg@ ?@M%@%%%gﬁee@%sieqq \gﬁelc}gﬁlpgyf'%h?%cr@%e consistency and/or

upifermatytoé thetbirstalede sle¢tyiead gropentisy fiekectricifiold pzwarmndé@ Bl 40 of memory
e f menory cell 10. In this regard, in

cglnIfg log(ﬁ‘%ocfﬁr?al% ?'sense anplifier 44 detects the data

[6118] e dthe neadpwijte aml/dr etBe byerativosymay beggriotmeedryl conigaing the

A 0
HRBlE o g BHE ltBeMBBch necl Y rareb A3 Sn BB iE el
pkcgrégmnmkct wrstabletenienel 4. 9r sxample, eithrdatmeits FIGIERES 6A and 7A, the
d? a%&l Af%eHo?} &11 1Brn9 b@%%h@n by 'agﬁi%’ﬁzeis €18 1RN Y ia ki mory cell
Iy "progra I'n~a mannert
sde@mn |cbeu|try b?altlww))y eﬂ'eﬂvdang/m firstgernang[jbn"exdcasotransisior 1214l electrically
n t r
cx\ﬁrdlm% g?&%f ﬁglg%r éfa?nmaﬁ)]:l:e:b Cslpa?% LﬁYet%retn?gpto s%%#g%rafh S afjl?n% 26
(mrdugkﬂaatessttgannﬁérelmmm ﬁ)m(HIIGURiﬁ 746 Natylbllye;vla:re/mhmelgceell 10 is one
man ra (:I‘urol%l At HEms entl 19,59 ocerrV\hecl; E‘lf gecfl circuitry 42

Rjurglity pEmemenry CPIHP 2 MsTHoREaray ‘B?R’ SEH Sl feuitry

nmfy bE Iaeomhuicmnt w&0 Uih€ decoddiddiivet. pfdead d@u&dﬁd&ppd@pderﬂheer whether
rrent, at i nput 44h of  sense

g k8P e CAEYOERS, e by Y hieF Spe o B pistenl Bycliion
of electric field programmabl e bi-stable el ement 14.
That is, in one enbodi nent, the anount of current
out put woul d be between the anount of current
equi valent to a high data stat% and a | ow data state
of electric field programmabl e bi
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15 stable elenment 14. In a preferred enbodi nent, the
anount of current is substantially equal to one-half
of the sum of the amount of current equivalent to a
hi gh data state and a | ow data state of electric

el d Qr gﬁ;ﬂﬁ
[(;all%gi he% s%ﬁ{)% mech%AQfor ﬁﬁ) g g%q%?ﬁtu{&?l]c%ﬁ%g\}p}e%%ella@ amghfler) is
Cbnmeitd tmmmsa/ef(graansg]ahhmﬂq/to detedtitie damtatq dfImestoracedld), In this
rerge élrneoﬁlg 81%9 n?,i sg %%%Pﬁeré%%&%&?t he 'da¢a %{aé&tqg hegigg’bﬁ%g 10 by
cathpariagthe viohageh am)hedrtmdpumm and)mﬁtb dThe Nh@ge eﬁ;&mé m:leput 44a of sense

e
oG S herd B B RRTE o Be Pl B bR pe
pfdimrﬁkﬁalean-StaBIcelem'Ehtel 4r(ehizh %ﬁﬁ)reuldﬁﬂlyl pirgrardfied infa mum@er described

vi.des a vpltage at input 44b that
bEBe: t Pl rena 56 el 4R eiT e on SR reriter spitigh el iygrovided or
on@ﬁwyem@nmmﬁmyqel | s. The menory cell 10 is read by

ric fi arrmabl e bi-stable el enent

c l'ing el ect

@i2f, th%nsteﬂﬁ) dimepor e?ﬂﬁ@lc B 0TRREbe oyoltagsde s snes g ghrment
sBlifcd. WRIrERESerck Eieddithy 46 i 8 clrfent sbRkE, i butpltQdeddhk of the EBdent source
be advant ageous to enpl oy the ref er ence nenoré@c ells

shayi pr @Y}F%'ﬂ WRrOPHUE <‘,‘?1F3§%8’ QFEU R inRutSyh of sengp Fmplifigr 44 to permit

sEHIElAaplifRE AN RRtc¥dhd ddtd QA8 of dledtitEridI®HBEMmERbIe bi-stable element 14.
characteristics due to changes in operating

Thiiti iR Pr5ienbpdigienteths Apent of metr%wf woyld be hetesnshepmgf of

cIMNR EquivaldnBdola Qﬁ%)data stdie 4nd all6WP Qhtd Sale @R cleQREl b1l PRBranintible bi-
exa (f filmthi ckness variations across the wafer).

siaple e mfstll4T|1m§Pref6Fféd enbadiment theamauay ef purrent issybstangially equal to

oﬁléiﬁzﬂf St @mOSf (BRI uMt ST@hrrent Bqulifafine data stat€ A% low data state
nplifier 44 and reference circuitry 46) may sense the

OH%{?%“"S@%’ gogragymableibirsigplpsiepertdt 100 using vol tage or

[GUB] €Ntn SRS AebddBRdAR iréibi8fce c§b|19{?y 13 [n@k!lld&ra‘!' leﬁﬁ @wo reference memory
confiqgurations thereof are wel known in the art

cellsdpot iusrated) o5aph E‘CI“MBPF%fﬁé@Fe@C%SS tPRsister aqslﬁﬁPﬁeteafq Jggtric field
pRZ bR RrbR B mehtS In HR{ @iodfneAB Bnel&iIe refe%@@%em@@)éells is

Cl rcwtry or architecture to sense, sarrp det ect “or
PERgrasimAdriR 2 high data sigigrand enefghegplerpmpmemenyicellsipprogimmed fo a low

dRe Waten Q'ﬁ@re@erredcé‘En?cfult(%ﬁ‘46e {nQRE Embddimbm! ﬁgﬂ&g tv%lt&% aMnpti4@b that is
the scope of present invention.

sphstaptiadhycgua) & Qnag'elf ef the syra pfthg gvo qefvr@ﬁ@memdﬂlﬁs rithe megpry cell
lb?s Edd H‘yl-l:'otlﬁli)ﬁgten@ttnc IBe ?r&?ﬁnm@olélglq}tyb% didleal %an\ﬁphiaaagg the
(for exanple, a ground potential or zero volts).

refererae velige geneeateddy refgrenesf circuitry 46 Yoinpetgdb.ci rcui try rmy

revi d f

[(ﬁl aggt lfa‘é' bte%kiﬂm& %ﬁu{é IQJ n?nﬁig&fﬁg feg%?r}eéll; ?}g:{n:&? Aell?&fnh frgtlon
dN@tﬂaﬁﬂ! ayovepassiegtatt@sk and@r address varmtiossin thetmaiary edlk ghgracteristics due
tcg %ﬁg{:}ggg EA Iaﬁ@é&?%i%nﬁ@s}’(sf?%}(%k qyrﬁ;?er%tl?rg (\:/§ tig{';gd;in%k Xower variations),
Opimcf@riammt@bedlmnséﬁoa@lamp@ éhlemckM} vargitionsggmes therphafef)i er

[(ﬁ?St hefrg&f éﬁa tgtﬁéa ?t e)aé}?}él ed tmlm? Iita ({Qé fEﬁ]%FlS%Q% lqw#gﬁexample

sened am@ificed4 mdﬁtf&dRESnﬁBtra HGD 4y, senshehedmtaestm siored of memory cell 10
ug:ﬁ:%?og%%e?%gzl}lrrerq s%llspﬁg pechm lgéucéllcuculp %’ and/c Bégurglo%s ﬁlereof afe well
k&snse/tfrﬂaﬁg (Sae foxsaxgmplle Rubhs:hea(il Saerteapﬂgjpjdmgn 2004/0165462 and U.S.

fi
PP RS B B IR RS T B P, BB RRl i e
14. In this regard menory ceII selection circuitry 15

42 turns on access transistor 12 (i.e., forward biases
transi stor 12) by applying a sufficiently high
19
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voltage (in the case of an N-channel device) on signa
line 22 (See, 50 in FIGURE 7B). In this way, electric
field programmabl e bi-stable elenent 14 is

electrlcally coupled to sense/progran1 signal line 26.

S or 1 n
d%t?a?séage ({f\(x\p %' &?lcll%i éléétl%eﬁ gw%?uénp?rl zét rdev%Bp OIIQ nqgl Q(?Tn Y'0e%ithin the
s&nmméﬂmmkhanuaeMlec hi gh or Ioglc low. In thls

erence to r OV .OF . .
[61;1%?)” r’}[&) 5efer811<‘te vaféa Icfr?uétF%E an %r}e egg)&jl ePtn‘g’f’%Pfgc"ngry that provides

a\soibtesreﬁfehmltegee(ﬁdrrekmﬁle @lgeounp pogiitiahoidetevolts). Mh d@er embodiments,

Aol Al 555 e O TR e vl

aﬂﬂﬁMh@mngwaauﬂaplylng a vol t age dlfference of

pr oxi ly 2 vo across t electrig fie
(R R cercwrré ooty may be employed
t§ §6Perct1ﬁ9 Sorne@iaEcedsran Vot 12 @lee6it ﬁbl@ M OWaBIRRRIR Nt 14) to

stab e element 14. (See, FIGURE C and/ or 7D,
S?I@g peglifies 4t 4o faClAta{Fcﬂn#/ag@lmm%Wéfféé opgratonyp the datgg(atepf memory
cei eyi ded by controlling the voltages applied to
control_signal lines 24 and 26. [0120] Notably, pass

[QUB8Es i sferense IAFIGURES OB and /Buthe dgta stagiof memeatqeb\tl% gy be
préYaneSBTRl gl?r% el&&c?ﬁl@ﬁ&ér%ﬁﬁ)‘bl@ Qﬂﬁﬁﬁé elaﬁ&l@ $# to sense/program
transistor 1 progranmng circuit 52

sizaeliline 2@ prd 2nplyingran3pPropRiite valiage aoness B‘F@g? a#ﬁwmrammable film of
REfric Effe]ﬂﬂo%?gmﬁ‘i%lpﬁyst&% diertdht IMEQHN ?ergardsl’ﬂ@l{\&p el !efléeflon circuitry
exanpl e ransistors or the |ike) be enpl oyed

42 dAeen aceesp dprsirtas 19 Glet defavard lrla,sm trqrrylstoo 1D)ibyapplying neuff_amemly high
vBftagR (ﬁ»ﬁi.ee&gceg MAERARG GeJIi?e‘YBﬁ Yighflihe 30scd, 38 %Jﬂxgﬂﬁ; ). In this
are many d rent techni ques E C|rCU|try t

way, dleyiicelinidh progiammabplg distablp dlemﬁmtlé iglestrivallyepspleditg sessp(moz;ram
S&ﬁghﬁhqges and circuitry therefor, whether now known

or later 35 devel oped, are |ntended to fall within

[0HA] s c Jplilegrcashisansisies Ehis "pmvmﬁammmmuméiﬁpmdles #hg appropriate
vBltf}d rt@ﬂ&‘e Rfihétia rkgx‘d ikt oﬁ Ei;? uﬂaép% Qe HefEPJn‘ééTBrﬁléﬂBE 2,

VI 4, for exanp atran IStO one "term
pmyaq@mmt apmglg@wnuags diffecdnee efrnperoxirmmctlhfl 4§ voltsyacrasetleqtaniield

pYo%lrzfn?rgﬁalecﬁl%“w &dn :fl'l%% gh i E]Q&ﬁ@ﬂ?elgl ?xrogﬁ%n?aﬁ)le% leaGll: gﬁ:em 14.

I'ng a sul T apl I'ttage to cont
(P31 PIGURENEB rdmoonyrast gprbvidip g psapmf){myn mﬁpgmﬁdem of approxnmately 2

PRSI D TRl A PR By Bl ol o

lon & deradiakdprogramemable pi-gablt slemdrddd- (Sc(e HIGURER & entl/at7D,

r%sggc%%cl?)?_h&e L?Q)ltage dl:t?ei ;eafexof %fvrogt?,l mg ¥ E?e %ﬁwg?cﬂ)ry chtécwgn gethe voltages
applizd ko ainirghwigmat lires 24:anct26y, addr ess decodi ng, word line
S e A B S Y T py 0S5 s b ot
to ndﬁcuvkéﬁcdnﬂect pdfcessltdEsmm’ﬂQrto brdgtdgﬂﬂh@cntdmttyl”ﬁe toreaaiditate and/or
unqmne %w a-xx to inﬁ_Fne t and/ol fa tate1§§Ch 10 |
OREPER SR A PE §PHEIY S eIy % 10 %"r?‘ﬁf" SYfrLes oS rgmple;
tramdidtars br e ke) xnay Mo tiaployed toicdrnectetfereasto@ltageirbhitREighil line 24

d | it f
g??gvgd%8$°§ﬁ “ﬁ??é?@@qbgos aegaz;?et gr?aygegggyd.

[ondped, Tgﬁ’e rmwancy diffesent Qammiques Gind Hﬁér'](ﬁ)ti‘y}/th%foa))ﬁo 56?19fam BR erase
a?({]{{q&}% ﬁr@ggqso%?l q&grhg%u%{]qnay};c@t&xgth% og,\y}{;ﬁﬁg rrlow l?ryowntor later
deiibpes sitdiftendddebfat18GEhu e Sopt BB preset iRl dnBON. NN eKIhPM)

or later devel oped. 15 [01231 In another aspect, the

present invention includes a plurality of nenory

cells, each ' 20
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havi ng a uni que, different and/or distinct electric
field programmabl e bi-stable elenent and a common
access transistor. In this aspect of the present
|nvent|on the electric field progrannable bi - st abl e

f .th
%I;}Igllmsn ((J:lr?cm ?% magge %/ ?]WIE:II‘I rSImlP eélreln[ § vi aPOﬁSW@e @ él‘rlﬁ]SéStor) having
qna temted" covplednmgromsion seferenaan S ehtso;Vayamﬂarme ghlerge circuitry 48 may
fferent and 20 .di stinct, electric
rs P KRG 6 sy b fpbyhe e FoUEt (et Sl ne 24 ence
[0122F| GIRE nfémorycelln® iesfeadinphiytd ordmplearies fh hénddt$ agdy0s6 having a

RN DT MTEIE W CR R —

DhLkare Peorgd 208D peinkiof Mm@kl of rodsSRAtafid }(ﬂfﬁnﬁh 603N The peripheral
staore SI ta that is individually addressable. In this

CITé‘g‘HI’ 8 or examglecglogkaligament ircuitry, addsess decodinggvord lipe drivses row

deives tandl Gutbh@drlerd) eile AMPAREE ald refelcabd ﬁ)ltgge &Icﬁﬁgﬂtrﬁy be included to
14a-n individually (serial Ié or in parall

PEQYHfercsnigl signalp bo thememery celby Blagxpto igiplgment a Oﬁ@slhme such
drdtidhs @BQa&ﬁ&JﬁBﬂ%ﬁ@knﬂﬂ&nm tHE ﬁiIeInI)bﬁf Lfis 1HRIRLY NSlﬁ%lB' S'wnh reference
Ga-n of fabricatéd using a nu

t¢ EKH/RE 8.2 meypory éw.we maifelnde cplprakity jof mamﬁryrmngays (e m!rcperays) for

f t

%;:g%p%%yﬁsadj' rhﬁe&g(? (Igl?]egg)%?cgéllg:ﬂé% édé% ﬁlem%ﬁﬁaé'I ?é?%ﬂa? be EthInged or

cpefigireddn anyzackitepagi omtayput, intlading.ifer expmple, qmamgwbrmmbané addressmg

aRinitSdn@P bnela%u% R ther ﬂo%@k&dﬁw 1406 dB¥ed n@@&ed above access
transi stor In a stacked arrange In this way,
(9128] dedn ?Q%Vh%ﬁsmCtn@ﬁBW§end@V¢ft§len ingbidesch pluralitylof memoryesetls, each
v

S S O 300 s g g
CABMON YCcess| ttaQSIFtQh o thigaspesd ef the pregent maenﬂlpe,l th electric field

I [ I I 4 p y
PRERAA RTINSl o AR o of SR, Bk Ml of KRB Ghbolier hatis, e
phirdity off memorycellspnabeyles anerinen fricess trahistor@hé meigue, diffarent and/or

j ] mmabl e fil m 40a
AE SR PRl (b RGRIATTI" 1520 | The
(@424t r IWith BBaence tp FIGURE:S; incarie leynbedimamcorediceess sangisioe 12118 coupled
tQ . e .

t(g£8 g ?{ﬁ’ g%%%g iﬁ'tegl grglngIIl@Fl ﬁ%{i’?’]ezeq%ﬁ%é( lﬁg% "I%I: glgétl[lg I;Icgd
pragr m@éﬁ lad)ablelem@sd 14an emﬁemnﬂmdthmsmtn,dwmuektx addchesable. In this

IEIIZaIiz?‘ta st l{ gﬁ}gIbe vaIrgtg? gl%(? dﬁ'eaquﬁ]b 7%)1ec-Ir1c TleeI Elgo%rarne aEJIe%l Stable

0 g ranma rre nt
efemehid 14pn oginadnatiyp (seridllyl qrrlmiﬁlinalldl)ibp o&atbllbrgtthw\eﬂtagc levels of signal

t e bl and 38b2. A conductive via V1
I'ﬁIs%f?II{:I]%I )??%connects el ectrode 38bl to source 18 of

[@1@5Es s The phusilist afimebidry tdils 00w oEFIGHIREImaBBafhbriard using a number

The electr 38b2 onne
nIIn"il(glE% %?I%])rg ver ?r;/ a%lpsg) a-nl 2%?? d% a nu § lefgreélt%glﬁguratlons
aﬁd kalquttp rl"wg emmpldn Iwah liferstcand EIGIVRERTUA dndid OBnmI auldes one

%I)? Weeerht eel ctrx fd el%%rggr%gng%gla ::q;ggtgbgg ﬁlemﬁprpa bzga&%%f I?Fodslwo%ed above access

trehsisedrr12 drad I;tycked) anegtmere] Bohis 0de, tBSaehsityoofaamdnty déidfincluding
ansistor 1 %/tﬂ}% gh el ectrodes 38al and

t@%%ﬁ‘%% SI)III?III‘é'f‘ItI?E may P d contact 34). The ‘
[(HI261:t r dldliﬁirtﬁc&dﬁ, Wi&:zcgﬁﬁmEﬁ hgléieﬁ(ﬁitiislcl;}r’]l.gilie l(mg gxi]emﬁyt ce{l8 ®ba-c include

at e . a s €
8?‘88? FIS&E%’%%B%’?"%B‘I??I\"IO "“Eééﬂa'ﬁ’dﬁsf’ﬁ‘é“@ Ygﬂ‘é‘II’EI‘rF‘II%'scommO“ access

trdbistor 13. The ¢1€8i1XERd1H PREdammable bi-stable element 14a includes electric field

21
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[0130] Wth reference to FI GURE 10B, another exenplary
| ayout of nenory cells 10 of this aspect of the

"present invention includes a nore dense configuration

than that illustrated in FIGJRE 10A. In this regard,

PRoggA e il 4G pOsE R ay ectiapch Toay 1ig b The sedtrone Hyis

eRCEBAIRNGTR RdRd s&ﬁ*@mSQ)f edced¥RihsistdrdiC v ébnthdB42 Ohe ahamae 38a, is

cﬁ%ﬁ%{eé ?Qgﬁ?gngﬁﬁff?a?ﬂi‘ gé)tt H‘uét\l;a[tqj% dlngﬁf‘éir ‘rﬁlgefng E&E(?d?rtnen% ne ectrode 38a2 is
sipamuin@ialr i ng processes and materi al s. hbtably aI
hﬁ%£Uts of menory cells 10 of .this aspect of

nt i 1R elegifie IR ProgsRinmaRich-sable elgmgnt eqlwéalecta? field

plrdHrzﬁﬁﬂﬁﬂ’e filh 0 ddpb&iidbetnitn eleciRRS 1Bb, iasshy. Q@&ﬁﬁiuctlve v1a Vi
invention. [0131] Thus, with reference to Fl GURES

electrigallyfonaerts clacds; 3pbrioispurce 15cef.agcess transisior l%shrasqsrééftctmde 38a,

afll cdtRt B4YY TRL E1Arod 84H) G ofine te@GK Gl BYOMMb (not illustrated).
configuration. That is, access transistor 12 is

[0128] 05 Similaslys elpeiti¢ Field proBragmpble bistable elefrient Idc includes electric field

PRI AIBIBRINEAR! dispb BB bEwe b PR Modes 588, Mnd38E, A c%ﬂ&lﬁﬁde JnQ
| ayers 64a-c, respectively, of nenory arra¥ .
eleay@allman@m@ﬂecne&%yl tgspuge Bieof@ﬁ«feemmleqoy 2 Gthremghwéegtr@des 38a,
ami %@,l doh&ucﬁ('e R akd 9@4(40? 34')0% %(léctrolaély&n % Alfindlfel gésﬁgnal line 24c¢
transi stor 12 I Ssposed I n or on subsirate 32 an
(eqt ¢ldusirated)f i el d progrannable bi -stabl e el ement 14 in
| a 4.

09,280 o B B0 S0k B 20
cf wgspeetdvelydi sposed and/or located in a d| fferent ( f or

I r .
[ﬁfg?g.gr ?/&’gltt}é :fe?%{éég t()s ng;sfwrtgltog 110?]\%? )I(egtﬁ)ra% ia‘{/(g.l’t topm@mory cells 10 of this
aspeatefithet puessntligventign ineludeslomiaradense ¢qnﬁmlr@tnon than that illustrated in

i1hih C I
ﬁgtg{r{)égr@ét Zlﬁhlxsﬁrg&%) Igféyt?‘lc If %fd@lr%%hx?%bl@{nm%{b]e elen%ents 14a and 14b
“Shagh” ielenisoder3ghb. aﬁmagrl)oﬁle@ﬁc ﬁel#mrqgrmyab&rebxfsabklewmeets_l4c and 14d
AR B AAEE NEh L5 LB HUNAE ok Bk o
uSiag fiver Hpellfaqjhmgairoocssm:mdtmqh)nals( Seblyf, alt lagoasigf egmory cells 10 of
t#l?éﬁ%é& Bfgme ruﬂ/rqrrrlrté ng\k}ﬁgl? ?(gtl)(ﬁ r lpt%r eldgl [eredegrg %ﬁgndgd to be within the
s&mnwédmpdmapusedumnd/or Iocated |n Iayers or pl anes

[Wlosg‘j\usa ?v?a [fefere er%d/ o fgﬁlﬁl\é\é g(%: g& ?9 i ér(ljerrﬁc’({r%cells 10a-c of this
agpeedf rtlneanﬁdnebrdmplmdxgzr ﬁmk&blagow) cerdfigatatien. eTtaniceess barkétor 12 is
hat are for dj sposed and/ or | oca in layers or.. .
dopaind & ShaPing 555 B0 TR BB e el AghenBATh af isposea n
1pleBredaicrespdactilelyt bfaherhdrg asaysiﬁo IEadlaly& 644-€ of mEm®d,array 56 effectively

rg:lél%gos gld nd/ or 1o2¢ a ﬁio ]ilzvmf‘_g%hagcee?{s(a)(%%igtbr H (%ﬂ%SEe% in or on

sBbsdthteBD Shd)ﬂ@dmcnﬁemb pipgaminayle b stable ElefelitES il thk Aayarsd. (St8 FIGURE
1 be arranged or configured in any architecture or

Fg§out whet her now known or |ater 10 devel oped. For
[e3anp! eNotdbhe a@ﬂhbrﬂfc}héﬁ dbove, Bhnskeal 2 MY befablidated Sfaliaddl diyposed

ctions may - di nensi onal or. 2-di nensj onal (in

aaipHasated it a litfegeat (fB‘re"ﬁ‘BPlF’z Srehen”) plpngrngjayen ralatiys tg awocrysta"me
stithi@ate OInl B rébatd) Baffstord DN 4 yPRESTasitd (e Frofmity & ﬁ(ﬁ?ﬁllﬁ:@ﬁ: Lahfshous
may be sel ected to enhance, for exanple,

sthgolt e<dier gon-srysipllingymatefial¢ Pﬂ@efé*nwwmétﬁ%@ea Hfismentipnaharay of
nlethbBfhaMy RBN&(ed WHRR I SHe 9P ndte 19y rAin &MRBH kPoSn ﬁEl%fQﬁe substrate)
subarray sections may be selected to 15 mnimze
peripheral circuitry, for exanple, where the subarrays

may be defined in verti-cal 22
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pl anes perpendicular to the surface of substrate 32,
the peripheral circuitry may be di sposed and consune
a majority of the area of substrate 32. [0135] The
wite or progranm ng operation for nmenory cells 1Ca-n

are formed b | ying . .contro|l vo]tages to access
ity SRl e sngars Lk POT R ERLTHON (S s BpE Ier 68 in
FBGERES 284-280J. NAs sibh, @lecic fRRIprégrainghtlé Birstabl elehithtst 1a may be
store. .the agg/roprleaae data state in electric field

qlocaéec

s g Liehaedi Bllayers OBRItes thekare gy apdpielmeuch gansistors.

I\Edr@JBEtrlx?s&tortlﬁ%aSj Bk AssSéidbE with cBRAPTiYd pRIghamkkidle HiQfable elements
ranmed by coupling electric field

|
16%‘8@%529%11 éilwseétaa@weloev% erg geplanss thabae abqye apderrhelow the

18e£dior blaR€indfhi@N\Ha AR NN iRte ?d? RE® F?l‘is‘lpésteﬁ chPJ)rtlé(gl?ed (See, for
across electric field programmab el ectric

exqnaley FE)‘FHBE%%%B‘P%ZW) stabl e el errent 14a via
[P8PT afi ngm%E' &iif fbeta &{m@?suﬁﬁﬂn&ﬁ&? Lekf:’r% M‘%’Ié@ﬁﬁs 11A and 11B

circuitry 48. In this regard, nenory c sel ect1on
gy 1be @franggd mzcon@gmﬂ iggnyarchitpetyee Qmayaewl@ﬂler new khononr later

|
d |erl1(%gﬁ)' ngr?g arf Jrfeﬂ{a L& & sG@a?lla g and(o¥ %b%ﬂ?)ﬁslegﬁ]ovr\g ';/r’QQ @L 3-

anne transi s
dighensional or 21dimedmpm ¢in aithrab [vertibal os herbetakgilamh rin tiigway, she
n .
PR AL A WA SEDSALHL L AL BN G, i,
addwﬁmzptu@m&amﬂmga@mremsrt operdignappl i es 30 an
op Q
[glgg{ : egkog%o%gxly ﬂle F\gli?tat dnrl)é i@rtaﬁ’gyés a?lcel}rog %ug)gr?avos?rf‘t o%g%ay be selected to
nghimgzei nenyhe«ﬂﬂ):lrcttmr)s fareganaple, hﬂtereahet oarcayl lngh be deﬂneg ircvertical
p%?tgg ﬂe egt!hglﬁgr to Fhe sur?&hcg of u% : "i‘"%? r‘ﬁ)farqzhera‘i Clr% (l)tFy réla € cr Sé)osed and
coriseme Vntahmn)acﬁtber argd ¢fssbsaxﬁteéﬁ exenplary filmin FI GURE
pr | in Ita e dlf enc
[(gl)g p ox%n% tg'élpf% i)¥o§aaon€n61 Slgearl%lrogscér M lfs Il Are performed by
applpigg mecétagesltmcmésseda&mwn 12 ahdl egmhl pna@annta lnlbeeeby enable or turn
O&bl Igcctessggl seistgrlr gj\;?rait tﬂ étoae;ltﬁg F})S)}(g?)&lgt% dgta sta&t algctgcr‘ F‘f‘g Ipéolggaénmable bi-
s@ble ajepreondi4nayie nyex?ef&ce?to\RIGUREaQAoﬁlS dathetaelof ﬁiamb@ dell @0 for

ble filmaf tric field
o35 3 e pEeeiut oy 4800 el el e B ol bt 14 o
satse/piog@masignabfiine 26@wnd amymg dregppropiidtt esleige Berods eRctviolfieR

n abl ol t ages
L e R T —
cﬁ-&%ﬁ@efﬁféﬂceﬂ@)tagﬁuﬁﬁi&? 43. thub rd’g&n‘deihellﬂ&@ cklo sd‘fdc@b!RErcultry 42
%ﬁ% one enbodi nent, the Fata state,of neno [ ¥, |
e85 L b 8 S HRIBRPh 2 B Dinsan SO R BEEERE Ktageon signal lin
20 !(faﬂmcaltug.rel ﬁ%;lst@ﬁ) Inhis a,aplewlcfa@ fﬁ}mégrmﬂna&e BitstdbleXdlement 14a is
i gn i ne vi a nmenor, ell_selection circuitr
e%?‘jq‘.c"‘ﬂifﬁf’%pq%q ‘85’?‘}3? Eweran %%1?&"&52% ectric field d
[QIB6 ATHEBAfRr,Ahd SvhadicRess haRsdr 1246 oht, Fifdg%hmﬂ% Bifufiry 52 applies
transi stor 12) to sense/ program Si gnal
SRBPAYI'e ValtoastarelAten 1o i aliescepriiedon sigptidine g Bm&f)rence voltage

cihinty £9) tddiors legmla 1dgid ¥gPdaofY 10weih @leBiie $ield ProgtfhthAEbi-stable
circuit As nentioned above, sense

e ﬁlﬁlpt 1]4? L%lorglar(xgl%rm %lﬁhoélmeat ©¢snins ﬁ’fq"&lw'af‘he IV characteristics of an
eXdnipbiy 6N R MGUREENSRoAGRL blfz éﬁ ng' asvolt GlrEitte 'bpapprommately 4.5

sense/pro ram signal |ine detect the data state

ve)ts anpospeigetrichigly prpgrampmgble il of giReiri ficlh p@arwynablqmeeble element
14H SEESSIoRI0 hight Th cdhthst t]ﬁmﬁ@gg@rt a%gl’yl létvomgnldlt?&ence of approximately
sunmari zed. The sense anplifier e a voltage

or current based anplifier. The sense anpllfler 44 15
detects the data state of nmems3ry cell 10a by conparing

the voltages or currents applied to inputs
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44a and 44b. For exanple, the voltage applied to input
44a of sense anplifier 44 depends, to a |arge extent,
on the resistive characteristics of electric field
progranmmabl e bi-stable el ement 14a. The voltage
applied to input 44b will depend on the reference
2 yolfstastges healectyig figld pmgfanwabképl@r@ gleetric Eipld praramymalds bisteble
elefdrt Iha m&@m‘ﬂoglmgﬁ Mb?%toﬁﬂgé Ri'glch\ln u W\Ioﬁ#etcfﬂ’?erence of 2 volts

circuitry (not 1llustratéd) may | oye

mg beprovided lgy %P@Hﬁ%@?lt%’&‘@étﬁgeﬁ ntfa%rrg't Seﬁmlllzlef & &y 26; See, for

{ AR )Pl - stabl e el ement 14a) to sense
Y ?gFﬁ%r 44 to fagllltate and/ or inplenent the read

[‘Héﬂr at Woth referendecto FEFERE i 2B.dn oe apehediment, ghel datapse of memory cell
(% ﬁegli bﬁ‘g B?n%q%‘qglﬁg%rﬁi? rX%e%s 6 Iﬁglﬁ?rzlrr%: Rm}é’ gﬁjﬂl{'}tl% § E8Htrol signal on
sigd hing mms inefnory qplt sélentinni cug:uttfye420 eHlls elpgtiicadly gpuplesrelectric field
plgorgrgﬁc’éxgr{agl%si-?!ﬁf)lg nlr%lélgrgnltqg HRroé%t{ a% ésg' tré:‘rs%r g Zﬁo ts%ngE/hé)éram signal line
2a nlﬂotably,mueﬁereycd Vobtagef (for exaviyde, Igemmhbwap;ihndwmsxgral liret 242 by reference
q% qpqg,gare intended to fall within the scope of
vOIRE MUY i nvention. [0141] Moreover, as mentioned
(B8 e, Asrightioned ebdvs, skiise-amphifiey 44 (ot exdenple, momtyertioodl cross-coupled
di fferent confl ratio s and | ayqut | Iectr
SESATPIED 41 SRAAS b diraBng el 28 < e afa s o Hemory
c¢IN). IFRdethe lsszfe oF Biatitye klﬁ;@d dlkdﬁ&ﬁloq@ RO Rdttbe @peatéd) butoidl ibp klﬁnmanzed.
|fferen d/or "off' res ane ite and/ o
508 PSR K ol 5 GUTH bR B i i HoR AP s 44
dakstethefiate ﬁﬁtb oPine@bEN 1Ca lfyi oRngariny thevampaior alrEHnts&bﬂb:Heo inputs

| enent s_14a-c be different in order to
g g o BRI 0 AP OB B e {4ephas. o

1t e tel ¥n the i@ istiad ehatkREifico bf @tcrid fidl€ progi@inéhable bi- stable element 14a.

TR velagi phehe o pteut Ayl degenf B e e yeliagt i St lgforonce

cieduigddgrent s) 35 and/ or sinul taneously because, for

response of the nepor s..10 includin
(G3E oSt R T b et ity be Shployed
tols¢Re@veyy dohnddt ddcess {raﬂ_sﬁw& 12\c¢1&dmd m‘l@p@@ﬁﬁmtame kat@l’REeﬂ;&AMa) to
and 12B, control sig nes 24a-n

sefps praplifieprt 9 fagilijple aw?rdmfﬂgwswhe il wenofine Fmﬁt%f of memory
cM{ida. reference to FI GURES 12C and 12D, when readi ng
the data state of nmenmory 5 cells I Ga-n, contro

[WABh a1 As msationsd abaye,fhgre E)"é many didfgreat teflwé;ug%l@gd gjcuitry to implement

sichBchAigueéPlok B rmMgheSredd, Vkite MYBIBYa& opel@bsdE memory cells 10a-n of
t og ether% transi stor 12 turned "on" and the resulting
thisgspesh of the prgesmt inytipay Al such teehpiqurst andwirpiitsy, theggfor gwhether now

kRS 12t de $Q6%8, A Ttenfiddab Saltdiarin thWisédpe @f th BFeSddk invention.
reference inputs 46a-n and the result placed on data

[Gdtbut Morsouey. esaawe@edmbm)e mempry cplisd Gaem maycinclyde a ymber of

dffﬁ?elrll édnﬂ@ura@dﬁ@ Bl?d"lﬁydi’l’is \Iﬁdetz@gl%cﬁ@iﬁeﬂepr AfimsBi blbsYable elements 14a-
ahal O gl tal converter , t he resu t

cmaaer@glde ﬁlffecrna%lfcan@hprsmm% ﬁ%sxa(rmlﬁ 5&§ﬁereAt Iap” angéor Spf\ fgsistances,
wlrlﬂe ﬁlh@ggse]%@a eg-hﬁxstﬁs %’ al‘at ﬂ%‘he %quc%t niﬁé’snﬂa' of %gd'hrbf electric field
bet ween t he % l e vo tage or current) signals or
ProgragImabls pitable bvmn@pré‘iayc way besdiffergntyin oger topravke ardiféerent response
tod&}t%n%g {of slg{lﬁ% qg tH1§1w Eh% dEQ%Qte%%le%mEM p?(?glrimrﬂ%lm&able
rea aneous consecut i vely. ﬁ&g
eh@nm y4acemhysbe el morequlCHw érehgma@tcomecmhe rea m/¢r@m embydlments)
g
o L6880 S0l PR U AR o i
cel | 10_descr|bed

24
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and illustrated in, for exanple, FIGURES | A-C, 2,
3A-C, 4, 5A and 5B. For the sake of brevity, those
di scussions will not be repeated. [0144] MNbreover,
menory cells 10a-n of this aspect of the present

el R Timi pE Y Ao AR RS LEIeR R
FRGURKEd 2Alahdi $2B, abwrh] silgual dijies 2Aam repydepbed, to wiritda datedf stateimgeememory
c&?10&§URE 13, electric field programrabl e bi-stable

ements l4a-n may be connected to gate 16. Notably,
[0¥42hsi Wit referenanth FIGURES| 12Cfané 12D, wireo gradinpetieldata state of memory

c%gsh@%%g%oﬁgﬁi s(?g)egfrﬁiﬂ%%%fl gré fr}l oEj?ttﬂace af trﬁb (s)adnllen(gﬁhilar voltage levels (for
exa]ﬂ[ﬂé,gl]dir&tiitag&thei)nrdnklstﬁr Entoostd r‘mr'itand memnlymg alrtent or@akape may be

e T N T T ——
aEdJ bﬁtrés&lt Pladsd cﬁirtldtaeiumt Iﬁnee (QdpdtiAeNylagin (F@{EHRBHMZ eor the resulting

table el enents 14 sppsed in, |ayers
CET‘%EPP YQltags @y be ‘ﬁ?"o‘ﬁﬂ‘ ge“’%r‘%“ﬁfi’a"%{}lﬁf and
ddta&up@aeldleamnu@tacmgassliomamﬁmeE 12D.( Btiese atdﬂ&tr matheds may discern

RES 14A anj As suc each

e MR YTE (P ST PSRRI B gD fel” Dn. As
sGEN)jhd AataisQRk sirédin afoeehsn bricaidhdiy 6811 [2hay RfrERICEimvAngously or
|ncludes a plurality of nmenory cells 10, having an
QR ansi stor 12 disposed in or on substrate 32
[orad] el et idesnofy R11611REOSHRIREEPRLOF Bie iBRnSdnahdyebe@htR ¥R using the
14 in a layer 64, (See, for exanple, FIGURES 1IB, 14A
safeshytyues apdymalealsmentqsdAbg Ve Bsieguo fegrenperesipl Offgscribed
@} lubeatdd iR FoPRAREIDVIGUR ESCIA-€E2 V3 A-CON 5AQLH FBIFéMBe sake of brevity,
vol t age applied across electric field pr ogr ammabl e

thase disoussighs vafl@gtheirepepieds d  progr ammabl e bi - st abl e

(61430 NtMdrdovel, PnelldkyBcell YGH-lof IR At dfe{el préi&h@:ﬁkhm may be
circuitry 42 applies, control signals

agranged i Wfoémcp%%&ueat'ﬁ? 8bha memAE C(egﬁbo 9f€éﬁpﬁ§§ lt‘\hl& (#a egeribed

aﬁ& ﬂtu@trzﬁéd a(b@fre)3§or| eﬂﬁrﬁ?lmltlﬂ@feﬁn@é RFIGURENB &di€ktric ﬁeld programmable
ranmmabl e bi-stable el enents l14a-n. In partjcul

bn“@ e elementa hiash may bocoppestydeiegate A0 sNetahly, Bra“ﬂ%‘Pt‘olrzya“d leétric field

prédrichmabld 6 éta‘Meaéié?ne%%l 126-hioY BliyYenfHoRBKATES nibnafom fothiogic OR or
first control nal (havi ng apredetermned vol t age

9 legie NPR C@nﬁa@attﬂn this eﬁb@ﬁg]enq memeryzols 10a-nmaysalsosmyp %y a stacked

18R EobigithisiRadhefellPact &9 tt@ns@i(ﬁ'qgtlsed’nipoghﬁqn ¥4t BB &rale€8hd electric
I's applred at node 66 by programmng circuitry 52.

figld programemplelp biestablde geranE 42-n ﬁ%dlmvéecb‘mb%yeiswé#pcmﬁﬁﬁé ry
p?c?ér:gmlﬁabﬁcehﬁ%fd \Qfﬁclﬂn’é ﬁféb&'éa’ abtRe 30LssRFALS G (fﬁgi substrate 32). (See,

citcuitry 52 apply appropriate voltages to store
RGURES 14A ah@ D). Ais gerhoeach dnyerco4amef ielectoip Bieldprogsamemable film 40 (in

cgﬁluf&foﬁ QJltH%E@,Fytra‘ﬁﬁLtbtsl I’&fetca%?y' 1§<gl§{ega BP Y}J &'rﬁ%@ cells 10,
applying a vo erence appr oXi matel

haying an @s@m @@nseit@dtz disposed &1 of Oprswrremﬁﬁ phdel¢ciniofieldiprogrammable bi-
Eabfér t?e?xbfl a?ngJé} XSe@ ol SGHbleCFIGURES PR Y 2 TPES,

I -S 1n contrast, providing or

(81451 yi ridpe apemobt @t e 1Qif $iIHEHRE léfmaarrbprpmgrm@ by splegtbielys

?I%OQﬁ’r?g[{ﬁé ﬁo’(“l{a%%zg)lp %c?zlcg sg %l?%é@gﬁ?gl'a%m‘;rlr%awﬁ]tﬁ 5 0%? gl%ctl;lb fleid
pi‘o&dmingm‘ntyrmbw&:bdne:nbm db dhs$ eget onamdary cdlnseleétxaxxﬁxmagg 42 applies
C(Ojrllé'({l Z%releg (\?/no Tg%na lm 28 n Ct% K 111 aﬁe rc)or\z/l}ngr]eng% ﬁb %de rggcgaés a%.tate of (or
iotnadioy ,storwmr)rf;eldqmd)grsnﬂnﬁlﬁe bi-sabye dianmsnlglaamdarseﬂaraﬁklyreference

or in parallel. [0146] The data state stored in

menory cells I Ga-n of FIGURE 13 may be read by

selecting or enabling a neno#y cell | Qa-n by a

control signal applied by nmenory cell selection

circuitry 15 42 to signal line 22 and sensing a

current or vol tage response of access transistor 12.

I n

tge result placed on
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particular, with reference to FIGURE 15C, in one

enbodi nent, the data state of nenory cell 10a, for
exanpl e, may be read by applying a read voltage on
signal line 22a via nenory cell selection circuitry

to%GUMESCBA alnH 1§1§'£}H€&(§%ﬁ%lfé§% I() zslélrg Letle%gselgpragﬁhﬁlea?y tgﬁfgpelyin g a first

access transrs represe Ive
cdmtohmgl’(aa(lmvmg @p&detemmm:ldezottagedevﬁel)ecb chepr ogreasigmblires 22a-n. A
e h st
s ST [y £ pablnfnen Al B] % Il FRbE 4015
pfogtamnaisg gironitiydis | yWith rdgemeneHGUREZ, iv odd anpodimeny atemory cell

<GP FERRER ot PieraRirie S, 2 i) P e ore cither o
lagiHighest 6gic Iowi i ofdlandtd selecaid dnehiing exdlis bln this mepard, providing or

anplifier 44 0147] The sepse.anplifier 44 r .
oG Eolage SETRESH o DRRIPUEP GO DU PGSt fekBirparpapyble film
4@ Brofde b Bsgichighia eﬂ:an%ﬁ gﬁld@ﬁ'@rﬂﬁmﬁmmrsﬁb&ﬁﬂldmebom ﬂrﬂ(a(ﬁlbhﬁ providing

4
of m?as%taa%@e-%?diff%mg@%%%%? d"@%%&‘?fﬁﬁ‘ﬁ?‘f‘ﬁ ée‘f’ Riperammable film

el‘éﬁﬁstﬂﬂﬂ dﬁc AigR) th&@bytsﬁ)rin@ AU 1béan aRétrid fibld proE%nﬂdb'ld i 38ble element
to input 44a of sense anplifier 44 wi

lﬂ}e éﬂlﬂagetdéfeaqm? %fa?sYOI‘é may bg aroxided b apphing SPH@I? &gﬁagqs.%omrol

i%fﬂéﬁ 1iA&st28rah& bé.CRob1y Sh&sd:y taisfiogh %a? be 9fo§f£ﬂﬁl@d%erlally or in parallel.
stabl e el enent 14a and its inp 8 erating
©

A6k acilhy daia stpte stgred at@@ggrwlwgltoé .FICiU&E lﬁrn@y {epca@éselectmg
oPRiablirth th&ndrP Bt 104400yH dohtr@q fggﬁl%ﬁl%dcb@ heRfory @efll%él%&ﬁﬁ circuitry

vol tage that is output of rence circuitry 4
42 gl lms 238Ad seppiBg 2 aHEREOT WBF@ﬁ%W@'@e@f aC@EﬁSﬁrlagslsA@ lgmin
pRBicdary Rl ﬁ:%?el{c@toelflm BT, f ol ehBHMimeOME BRa &RE of memory cell
ref erence vol tage C|rCU|try 48, in one enbodi ment, may
197 fesicxammile. mpytbr &ead by applying 2 read yoliage en pignab finmeds Wagnermgyy cell
sd1EBbn YRR £, whicRLARIE aBPs BVEIRIgY of PAL |1 @bt RBs@transistor 12 which is
positive voltage in order to turn on or enable access

represerdative gf thg Qata SiAate éﬁ)red, ip elegirig f@phgquwmble hi-stallg element 14a (.e.,
dhE GRANBELvE ¥RBacRRistids ¥ fe 31eBirik fleﬁ%ogtrﬁﬁnﬁﬁgﬁlnpis reviously
brevity, those discussions wll not be rep eate$ her e.
p@srapmm] Thaookageypn gatgd 6 of a@@ﬁsﬁrpysl%@rdﬂ@y'@amm theopgrating
c%c@erﬁﬁ&to? a&gss"ﬁgﬂgﬁ r 198 Hich Jr%gﬁc(( ﬂ‘o%la ngm dnd s&ﬁ&f’@y sense
anplifier erence circuitry 46) may enpl oy
apmelifierdhown circuitry, configurations and t echni ques.

Ci t I' :
[(ﬁQZ]p &'ﬁé&'&eﬁlgeeyamp‘ff’i'hgp“ (?ogtre?n n% a chﬁggﬂgqgctqggsgzogpgaﬁnsgrrlrsgrailnphﬁer)
detedts the deta state whastinery calb ). kinglin ragnrdl iatoge emmﬂem@p@dnse iamplifier 44
d{:tgévtg{l}? ﬁzﬂa gtgtf %ﬁglgﬁnu’%o cdil tlﬁg)" §Og§§§n§glf télgl?a d Z)ﬁ&f to 1nd)uts 44a and 44b.
Thewdlke mphcﬂﬂonmgut taaf s¢ris¢ asplifier é4lyvilhdepersie tosatrjeash pdadge ¢xgent, on
tl'??!‘ésfsgtfé M]%La\éteﬁﬁﬁg ?Pél%c%qgﬁaﬁf)}ogl% Zdr?gfﬁ%ﬁ i%glﬁ gl%lng‘fttlﬁé Qnd its impact
omﬂplopératmg chzﬂrattgrnsﬁlamﬂ acgeas wanaingyl B3, Thepbhage rapplteldeo me'aeMb will
d?p%ﬁ(i?ﬁ h? reference vglrtaggghéite i§ { %{pﬁhoq t{e‘rr%f;{:oe rcu19r Lel{é] t Ilgn 10
[0148] udas nﬁntﬂbnk‘ﬂ eb(ﬁa,trbfa}enmmr@myry Gé Irriay Ibav Ivnlgaga reference or a current

ur.a r conf i ed to
g%%f %F)Y %89 In gne ['%?émflgglg@a{)e SiECpitry that provides a
stalflé eaf@ae volegh tf&.lREmiaﬁ a statfié atdehighlypdontrelableyposiéive val@ge in order to

i ncludes first ne econd r el
R RFGRUF phers PR S 7 G op Dl o Noehandel §pe
treiEpdre Ifon tha ke D Biceity, Bload divansdians wik acitd repened ereel |

10b. The nenory cells 10a and 10b each include access

transistor 12 and 15 an electric field progranmbl e

bi -stabl e el enent 14. Thus, When programed, one of

t he

Bl
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menory cells (for exanple, 10a) stores a logic | ow and
the menory cell (in this exanple, | Ob) stores a
| ogic high. [0152] The nenory cells | Ga and | b of
differenti al mam)ry cell 100 may be manuf act ured,

e
[GﬂgLs i lrikfaot?% Oga En[;ulgg Qltﬂ@gl'édqg re%é tl%%% ﬁgpeeo%bogg%cells 10a2|b(for
epdmple\sesk atnhbflfaép end sfem‘nc«t tisupryetSe may empley weld kgown circuitry,

crgrﬁtgrc'/g%irralrt]lgﬁg a Ia%c?lplgu N?A 29 ‘g"et?Cr ICEQ é:y ar€ ng teﬁ‘chf:{?g r A t eg sJAQ)?ﬁ detect

of dapedte thodamytate bf ibaoryehid thame wthstheofovalmpwa for tatve developed, is

.as s, of. the prese i nv entlons descri bed herein.
"ﬂatﬁgdggt“f%e W'&i’éﬁlﬁ pepe EF ENPIAUPEC) . For the sake of
[O150Y i t Wotibiyg pass @abﬁaﬂd&r célumf esRehaikSuiah gnat lustsdtedr inia@ BE employed

Wi | | t be repeated. 0153 riefly, e data

S helioua oot PSP P oG e arEr R gDl glqment 14a) to

s4A20 aniplifidr @4 RECRCHlita® AT inSidnRdnbihd @shd PYerat@NIIS tHe@ata state of memory
&(?I ng measuring and/or detecting the |logic states

€¥iled in each cell 10 of differential nmenory cell

[Gﬁi] Thﬂﬁndtﬁar a$pREtDhy p&@ént ﬁw&@ﬁn RdBEa difardnddy memory cell having a
sensing, ~measuring and/ or detecting_ the

npl i
TR PEREOD e FENfgpesclp SOE SPRIPIFTEMSDfatipiags. In this regard, with

18%Rh& b FIGURE 8k efifidréMial tbihéty REIP WOARTIRRY Birdd hnembAReR 10a and second
el ement_ 14a and 14b. In a fjrst | ogic state of 30

sy gelb b whersin firsepesnsry edl] 10apepintaing eamplemeniisiatpflative to

sB6ld ARAREYceRabb. Tn&hay 88isaoh &l ®b Qh&hnclude&c&@ﬁ&sfn@i‘i{or 12 and
in a second logic state of differential nenory

apglycurigdigisinjossanmablbi-siablsycdement 14. ghjjug, vieg l?f%f?ﬂ“‘i*ﬁénﬂl@ff the
rﬁé?llndry L& (ﬁ)" Qiaﬁ'&)lealéag Stofes le%c lI@%n&j {hgfnﬁahﬁﬂc@ell'(m this example, 10b)
resistive values may be sanpled, sensed,” measured
stoes/2dpeieiBigBct ed using current or vol tage based

[beRpni qu@%len{o%ﬂl 104/ dnld lépaftdlﬁ&@&hai ﬁEﬁB&QEl@ 16(me>1 @Jﬁﬁ'ﬁfacmred

16 and 17A, the state of fferential ménory 3
cpufiguashAnler cansallesg ﬂeicnavéita@ﬁ usEedyitiseprsat ta ApY q>ffthf‘efrmb0dlments

((f Gm&lﬁea&sﬁ&}s &the M&Eﬁhnmon@ QeRriBed NeRi. Q@@re@sfer GitinfoRtells 10a

ype arator (for exanple, a cross-coupl ed sense
ag%(pq lpp)emyludq playont gs deseripsd and iasieated g resppe |to apy of the embodiments

of PG tﬁesasﬁecQsLUf rtlﬁtrﬂresgﬁt 11\(\’311{1&19 ﬁe&mmre% $ed dfoP&aPnBﬁ FIGURES

resi stive values stored or exhibit I'n electric

18AI3E) pFerghcasaimdf] hee vy - thesg g tails ﬁéﬂ@ﬁpnsmé illpsgatipngyill mpg e

L é{egnt or voltage sensed by sense anplifier 44 is

I'ndi cative or representative of the different |ogic

[81531 es Hyiefly ghedata ﬁatﬁehtm WQ:@IISISIO@IffamUal n@pory @1158¢ may be read
PPt i Ry BB i fing {0 ler ki RR @ tored i
epeh catlll()@f tifferentia) my:m@ei el 100.oFhat fsemembrycelissiHE anay befead Ibe

f I
shrﬂglﬁ%f ée?lgin% lﬂi%ge‘gﬂsik g%%rl dtg{e{:/tler%:ig@@g@reg{el 1)(1) hhte:?ﬁmstﬁﬁgga\l/ue stored or
hlbttehien lslentsir fieldpeageanmibdckitstblezldmpyl tagndl4b. ilg a first loglc state of

f —
L s R o AT
In mmlanampl sec;onEl(@UREatfﬁQf dnfﬁqremxat miygonyecle mﬂanrymoa(rcdll (904 stgres a
lg%c %;Eﬁ ?rggelmbystores f l?%c %wmaﬁxe di e]rtfng:g quesliszﬁ‘vg gzgues may be
samplhd, rsersspda arteatuoed a‘nd,k)r ee(quluemg EﬁnﬁﬂR&Szoﬂtﬂge(b)ased[t&hﬁﬁ]:es
t
15 Sy R Gy e o U o P B R Sy et remory
cell 1@umay e B adfol daam(isd by cerise amplyfied (compmwr)r%ntvhlyl) may be a
the appropriate 15 voltage to store either a |logic

high or logic low In this regard, with reference to
FI GURE 2,» 27
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providing or applying a voltage difference of
approximately 4.5 volts across electric field
programmable film40 stores a logic high in electric
field progrannable bi -stable elenment 14. In contrast,

rovi di or a oltage difference of . .
i B o gty B shamb Syt Re] Felpepmplifien. In his
rcf:glé\ﬂﬂ Seasa@ipligicf 44 donPars & surtdntor volage (Whigh defeh@orethy resistive values

storing.a l.ogic Io in el ect field 20 progr e
siredior gpighed Eeiengi el dpr?ﬁﬁagwéi%étaw Bl o “bg bl tylil h; gurrent or

VEIED séhsd Byl RER affipfifi@iaanciadicative O Rptekdntativ 61 e different logic states
Fro granmabl e bi -stabl e el enent 14 via control signa
Sto

fedde memory;¢gll 382 anddP87] | n one enbodi nent, nenmory

[®85] s T, aitrehA nitdeRy EdNE106 MM pedt (ﬂ‘th@;‘resent invention may include
characteristics. In those instances where nmenory . cel

spverah adyidptagecielative tmemgRaal! § & okihg ethenaspecis gfthe Gvedtio mgluding, for

kIR Yel rSdd d@@natléﬂ is TRY seRQti Rty IR A8 fHife VAuRDY i ‘B?Ha}yYStates
or spatially locate nenory 25 cells | OCa and

becaese adpsie state isdetasmined iy the differange Mestliis o€ thamempry ?ﬁyﬁé%and 10b,
(ﬁ)erl:iegen-l:ecarcﬁm 46 SR for e%nﬁplt: IMEURELD mQ? nét%@ hb&aafd and Glb dlfferentlal

ttle to no process varlatlons or differences and
nsea@hy ceflj 100 mag @@bsie £ lasges resd oindpyA anenpars tomemenrsels described

vﬁﬁnerlas?&eétgif&%garﬂﬂp FIGQ§F§%'¢39| y, are likely to have

same or simlar electri‘cal, physical, doping
[@15AL e n Wit feterenagg/FBGUBEJTBI ia opé) embashmnt swhﬂe@ccewnélsprs 12a and

5B o VAT A P ST e i
vpitdge ltoystore ettley @ lagirchighaerdogie logi. i thay regdréoithi refgtence to FIGURE 2,
pﬁh@cﬁ%&re&@l?%gggoldﬁg Qﬁﬁgenl:mﬁ%ﬁm&@l)l 25 1791?5 a@H)gs éll%lcoﬁeld

ange over tenperature
peagchmmabie film 40rstoresetegic bigh i etedtedg figldprogfagmgble bistablprplerpent 14. In
. . |
cgrgralrstg Srfg@}ﬁgop gﬁpfll)qgg ?&I%Eé{;‘ @?’ffl@f)ceq:}f fﬁﬁ%}?&%ﬂﬁ@ F YRR 0ss electric field
peagramyabde film erespethe lages higlt, therehs ytorifgSelegiclay meohatrpl feeld
2 .
pE(J rat dﬁzl%%taﬁfg%lem%ﬁt 124 %)hls {}%&{f)?%d;eé rt])? %bégglgé 9%8 E@Xltz&@ difference

I'n an arra

t@cdacrtpct ficld E@grmnmbge ba;@ﬂabls el&@lentriéwdmnfrdbrgnddhesﬂ‘i and 6.
ke confl 64

[%S%C: grz'ac Y ST e aﬁm&h ﬂ)a%f] ? eﬁﬂ)dﬁll VE b S%];rlr?rlgb?&ﬁa?

charag¢rabiése e thesaansttammmlheedmemoxa célishida enid' l(ltorare designaito have the
s?rﬁg grss§ lel)arx]' 8Ezgac eﬂS{ICSO]? mtae%g frl ﬁ'\%rgtg%e?)gsg é%hy‘é(xcfba élé)re %‘j}é&éocgte memory
cﬁl?sAl)Oa ahd10bhiesr eammhhrmmdns veacdunhgymnuf@cftumigembmo@ célllseIIOd and 10b

BIRLATR Bl yraGé o BBy iigions fr Hitsehe BTl such. &

apdesy tednkibtgr Ifa ane MY of xm{dryscelll 00emdXRb, rbpudtively pdie Hetye®have the
t ransi si d,in or on substrate .32 and . .
USRI FleEiA. B S HoRB B P A el iBaguiydss. and )
elzo@ic Gitldtiphepridhiitad bitsyablefeldniyie14a abd 14 & idory cellon@a and 10b,

odi ment iffereptial nmenory .cell 100 may.include a
PROT ol S B ive BT oL S aYclehricah (elep sk cpggeg mémory
célizd 0 BnE| 0BG Fiehofyl c@11d 0P &re Gkl terdNamzeltive St Bpdratu a@dBiME in the same
dlsposed 10 in first layer 64a. The nenory cell 100
Pl ¥ude a second menmory cell conpri sed of the sane

[ﬂcsspss A sty AbAEe ARKindBdeIn@Ghy bedifferehithl REMOH [0 i.c., a
-stabl e el ement disposed in second_ | ayer 64b.

P%%%h%szfaﬁﬁv@y C%lhearwaasﬁ‘&u? ECPERUINg PEIRISS (%Afor vmipley E!&S%%S 22A and
238 B. The M dnfdirpcaie Y00 ﬁl@)ebe ARARYN aiehrtay iRafl diffeleRiRdyd! For example,

menory cell 100 are 1 ocated spatially near each other
which nmay mnimze, reduce or elimnate environnent

“(i.e., tenperature) and/or prascess variati ons between

15 the first and second nenory cells since each
i ncl ude a conmobn access transistor and the electric
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field programmabl e bi-stable elenments of differentia

menory cells 100 are | ocated in adjacent |ayers 64.

[0160] In another enbodi nent, differential menory cel

100 nay include (1) a first menory cell conprised of

an acce sist or [ .

R Lo AR SRy SRR 5 blfich, Blfhe prymlsg oftayes 4
\xlha:yceacmﬁclmdeemtetelcmcff’ ielel priogpanugatderbietodbée eﬂexilerm eugled B a ‘ghared” or
RGN e e ae oy e P B §reon LRI of P entions.
(SBEMR:EEMA) andlisambedimety ¢ach fayed of elecieig fialdpeadgr@nmable film 40 (in
BB i A Dl PSSR T Bl L AR mor e

10®AK YhavRiglaf addessdiahdiaber digpbsedanor oh sﬁ)&itﬂatemﬁn&électnc field

pLa(%cat eéj Spl%ﬁ)halﬁ“‘égtnﬁﬁéa{?f‘g lbe:){t)@g %Nra gs nment i oned

[®13Y] Omten{ﬂodlﬁxent HigfeRati A mén}y @ﬂdb@fnapirﬂﬁﬁéﬁ first memory cell
vari ati ons between the constituent parts of first

and
CRIBRIEE OhdivAsFSps BEisistor andpnlectnigeldrragrammablebisgtablyglgment disposed
iRERV8yer A nﬂicﬁﬁéﬁf&y de2i 1098 Ynah) enchiB als€dh & fhemb S8R Bomprised of the
di sposed and/or located in a plane or |layer that is
sHNg Acsess Hansisierang amplecaicaligld prograpmimahle bi-jtate, E‘§¥‘?‘§ldt5p‘382d in second
1dy8r 64pi '(§ber ﬁgé[a%let {héﬁk?yb@t& of SIGLRESI0AD €0H,aBAIA@ 148 Tt Way, the
or in I'i con, anorphous silicon or other 30
N o gp lffﬁrﬁ@mharp@myépll 19htre focatpd spatizllycsarsegthetber which may
n?im%ﬂéeféﬁh&%? klllﬁﬁ]ﬁt@¥n\9;0nﬁi€m{ &, t@iﬂﬂergﬁre) Ly bRRES Qarjations between
whereln one or nore | ayers (|n addition to or in lieu
thef firtpad saghrd memery cellsysinicn e4ch grelude psARMOR agegss tagugor ang the electric
[ | 18506 1€ tocated in adj
ﬂ% %riﬁgm% [ eFi &ab%%é%%gﬁﬁgg@%gﬁ%ﬁ%%g ceeI ement s “i‘Z m ayjacem
1ibler8f66r med, disposed and/or | ocat ed in layers or planes
ah Ay
(%} exéﬁ%’ﬁ’%[%‘%%{é%ﬁ Ao cggﬁd[oé{i B fetpdeEPfist memory
cplf comepyisesbofa reaessarpasisior and ap eleetrig §lplélprquaénraab}mv@bleuete@wnt
dksg &l mdﬁx§lﬁ9ﬁ? dr e WcField ,ﬂ-@@h&ﬁﬁ&l‘& #if ahJ](Z?E 4&bnd femor cell
ance the operating c acteristics o transis
cdinppsd eflanpccest tisistoathatiis njeceal 19.the agcesh fransigtpy of the first memof y cell
and 3 SRR R4 ?})roglr fnﬁ?ﬁbl@fbl mél)ém%)ﬁlsb r&ﬁk)&’sg@ nHist lﬁye W£trlc field
rmnocrysta I'con or sem conduc ayers
paeginimabite filor. dn thiswayi, the nimorheslls abdifferentés) memeiyregll 1@ are located

r
L L e
crm;onaiestc(l betefnpdyatuci breldoriprocessivariatiogs batkerd the constituent parts of first
ration,. having an electric field programable
emor cells : .
&hent di sposed a single |ayer 64,
[lebl ethreovan aamsmm’nat abdveg rassssors # 2ungy bd @abricatedcflormest, disposed
ubst r at Se 28
SPATEE TP BIOR R ot gl o b 22 1o
tlnmrega’datansnmotsd 2amycbe lfzaxlededaﬂr@n or ingofysiditeh, anponpgma ity @ other
A g T R e
fabmieated whdtein (OBbear, mdre tayerx éinjadditionttb GUREBu bbtha s Iﬂbs&ﬂé}-rﬂﬁ@clude

P G TP o i stel” s S BLAPARERCAED) At et

p%ﬁmmibﬁélﬂ&fhbie\éﬂin)énts (1@3’(59 bE &)rﬁSdS}dEE&eél anddsrdoch@A)in lagdrs or planes
not e r enpodl nment | erenti
R e BRI JoOtTorf3r BT FROHBED S G0

one access transistor and two or nore eI ectric field
progranmabl e bi -stable

29
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el ement 14, configured to store conplenentary data
states. In this regard, with reference to FIGURE 19,
differential menory cell 100 includes first nmenory
cell |0a and second nmenory cell 10b wherein first

[Wg: Iy\}lgd%lf% ltirg%oqgngh%% ?ci/re 3) La?l% gtpg[?t% gconqﬁ)sar disposed above

tieaubsraeQa orlacho kimncstha bgeratimg e ha sctdrisaersif Slh@lis:sl& dlsbosed or

ddi tion, . r nd 1 eac
e figiein dF Ipvgh AdRErEng Pl shindny s eLoS ane opmpre
moAbery StaEREGTidor ©f $emiddadetdr 10¥efsatul additidn tof &2 firlidu aiithersabantge) having
cell 100 of A FI GURE &9 re%ents a nore dense or
trapsisere dispRsphpr fabriepted ¢ ¥'he sharing of the access
(0163NS| NoRibly, hﬁﬂlery"@ﬂpl’m oF @lel mebfy dedhcel ﬂldylhiisforbatfzﬂﬂcétéﬂ in a non-
FIGURE 16. [0167] Wth continued reference to Fl G)J
stagked,capfiguiation) haying apelggite Holb Peeragmadlerhinibly P‘enﬁ%ﬁmﬁsed a single
1581 b4, LADIARY aP S50 Ry iristor Q}'ﬂfchgﬂrﬂlﬁﬂséﬂnﬁiélﬂﬁtrate 32. (See,
control'ed as described and illustrate wi th respect
HG@UBEY2B} t he enbodi nents of any of the aspects of the
(01 6@?5 entar] By Ednﬁ%&a@&ﬁ Eor! a@@egs trdMRIs @k I re M6 ¥ RbeiatB® MBI field
s 10a and i nclude a |l ayout and
pemmrg@hlablrsable@éen@@t@e\gwm aew kneivy orlgiek deyelappdyire ptended to be
wlﬁlﬁpﬁg reEc?t ﬁo%u% {s@@ f&r@%blmt}@@% 1874d PEA tlﬁ@) For example, in
e present I nventions described herein.
gieoutfrmvm@x a¢t}s! 182 ardl 1QbRES00figBed) to hpye seprrafe pengglings 24a and 24b,

@ggﬁpﬂ bi -stabl e el enents 14a
gﬁgﬁﬁag(ngkb§é¢g%gﬁg%t tg%%ate 16, drain 20, or as
[Masi st rlatarmlqr amB4dBRE, differensislmemorygell may inclide plaaditysif memory
e | bi

R e s A A
efrarentl A ondigusd foestete complementara ddla stpigs dndijeregard omith fefgrence to

r I f I
FGURE S e PO e 100 AR el o 58 19f By nmory
celh 104 @uREn figst mEmprytchlk 18aikainigins b cemplementary gtgte relative to second

USSi @RS e 5 [
o B RS TH g 831celi10R SRE O Shar 2 e g B mifcon
mrancay sdllatl@a o 10b eachieslude ah:surls ffiold paogriremahie blasltablerpéqmgs 14a and
y be read and/or determ ned by sanpling,

lggrgpﬁgghggsuring and/or detecting the |logic states
[Qlfﬁi ed Nquabdaadﬁfermmj rn}emmaj' ¢ellll08 o RIGURF DY Brespgtsla mic@bdense or

v com gct memowecnﬂ Syue(%o he %laa}g?o acpcgss txeag%ﬂgrx CP%?ERr o ell. 100

ectlng cein
1Uhﬂawdedﬂ§umﬁd6values stored or exhibited in electric

Fi&h d RV PP RNR 1auela r&erenceslt ?’R!‘v lsll&ment O} ells ‘?{)1 an:!iﬂleli) ofo (ﬂig’erential

his regard, in one exenp ary e contr
msdngpratell iOﬂma&I)e mginufactered, d)nflgﬁmm @Moacmlamln‘d}as gedcabydiapd illustrated

w1khrr%’lpleétrtg an4 2o)f thaene(rjnbC 1r1]r}e1r1t% Iof a y%? ?he aI Ie@tes og Zhe ples %n@&ﬂkﬂ? Qescribed
) nmon VO age an erence-"voltage (vla
heeie rMoreevey, aidnmgecetls ﬂwntirlpb may n(cri\eea ldfyout a&d(étmﬁgnrptxon as

Fl 7A). . The .difference re na
descrprond Misefi R isaedl BESatae P uphiniCor R PR RSt e
p@d&éﬂt@r?kmﬂfns db‘s@hlﬁeﬂ@\érgbﬂ&d fbﬁéXBQPEUHS}IX&ESEQ 58S Bl t]!ns regard, electric
ifier 44 rst logic state o .
sy Bantle Yool oiel 4o trGnkels B fisgio,pingo.or s
iR tate® HPGURE 19, s’bfakkess OF@ahcasak@gﬂ ety Othoseldetailg distwSibns and
a secrnd | o tate of differential nenory cel

%ﬁgm“Wéﬁﬁ V“@8F1e¥e stores a logic high and ~nenory
cell 1 Oo stores a logic |ow
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[0170] Wth reference to FIGURE 20B, in one
enbodi nent, the data state of the one transistor
di fferenti al menory ceI | 100 may be programmed and/ or
erased by turning "on" access 20 transistor 12 (via

ry I f
[{C?ﬁl rggw t’]?1§ d&glgsklgﬁls Opcektguﬁi'ﬁgt(; %aé" E}p gaqr} £r§ite2£s§§§§at}6% %o?gﬁferentlal
TRy adll K0PhEIGURK é&ar Galaﬂm dp[ﬂﬁtblo{ vpi diffqzentigh memorp gell 100 illustrated
ug | { rl‘:; ‘i}(l lgo%)the s'g]lﬁ'e (Fq;lll)?evgt?/ ‘rﬂ\osx dﬁgus(sllgrnﬁcvlvjﬁl ngplge r¥%ea e8 lﬁl{ Q'xlfebe briefly
shingplarizeds stored in differ entl al nmenory cel [ 100 in

SRS 2SR A Bl B P

rdndum ESl 100 nlay be véad aﬁd?ﬂmfe}em&lkﬁbi sanipling, fsensinigmyeadiving 2nd/or

nd. OV, or a conmon to s ce 18 (via erence
BBz lort sGRe PO e R ey 2 IbS o ihegtgry Sl {by TR memory
cSH@IOGdndyfbgdtafdfb@ I‘sﬂﬂlblingl seﬁﬁﬁg) éasufihg axitm dbtecm@smnﬁaeﬁoe in the
5VtOS i ne a and VtOS
risped s Sinpech s Cxubife) S esedi 6Jd Brag sty siabie Sl By 1 4a and 14b.
{1 an:(r‘éga’id rmwexeﬁgiagrémmanmeﬁt E6itiol §iynat Boe 2016l raQn!d tdOVpp (via memory
rce 18 Vla ref erence volta e clrcultr 0171

Sﬂ@%ﬂoﬁ C"Y‘HEY #)apd, §‘§1"8h§grﬁé'r“?ea?4rfﬁ W@‘“fab“efié (H‘y ?)?‘15‘5?‘%‘{05?&? and/or
rferRB&: \Q)Rgea(tviaQEI@reﬁ&rvoﬁ%eQ:irEﬁlﬁy ngt(SéE forekdmple, ‘Fm}UREQQ) The
of FIGURE 16 are egua licable to differential

§ increpiptive ypiges m%ythftsergvga» sprveq msppyrediag d/of defeosed usigg current or

v@ﬁﬁgemﬁied%%ﬁﬁiﬁﬁes (ViB Serld¢ [Her b4)Y RI3tabBNinl ATTEUEES stdte of memory cell
npl enment ar(f§ menory cel havi ng an N-channel ty
r

198%@9/0% e¢l] 103 stprog aF"%ﬁ!&’Wr?é‘ld me9p WBnIBP yloresp Foglw\mslb Hn contrast, in

aSkQn8 Yol stdt€88differb QA meinbdyRE® Nbo, HRhR ﬂtl @§ storedla foBichigh and

regard, with reference to FI GURES 21

rpespAsY eatelbatopesadogielowr y cel | 200 i ncl udes first nenory

[0£10] 1GRith RALAE (ANGNRE BN &I on@eﬁ.s&ﬁméﬁtatné uaﬂ Qhite b2@e one -

and 31 electric field programmuab bi - st abl e el ement

trpngstorifflersutiabmemery el | '@PX qubgraln@w g/ oa sraped byHwing| on” access

tﬁﬁﬁﬁ&sl 2t((/ﬁl?1§iln§)tr§3§eleh?t&1 @}f&gxtﬁlu@‘iﬁﬁ fe@erédc@ leita?,E Qﬁruﬁm? b applying
-stabl e el enent nmbodi nen at e

aapr@p%wé'ragw% F\%ﬁfﬁbﬁlg%bb% §6=t frnér?éb é\tlbpromzamawmmtry 52)

sEque ?%} cEHe GBSy, th SRRMiREY lo%g Righ 51e§)gﬁ: G VRIr¥xarffI€ a logic high

connecfed toget her and/or con F y a common

iz stemag in ctlfﬁmm)al megmpiyrsell 200 in[respqim¢ toTdpplyiRgfoTY) tosignplkling 2ézaand 2.5V

BB AR SATDR Y 2R Vs 11 BN ckctioncicit

QradVoerdr @n@qnlvplme ruasoeld:evbﬁ 1(Yia referprise tvoltage awngpiteyf 48) hln contrast a

18 V%ﬁ/{l:grgtﬁéeﬁ él(f:f?{égtla t'rhInlag' c%ﬁﬁ%ﬁﬁes&gnster&? I‘F& Igé@f'SV s1gn|al line 26a

a®4éNdo big@h linmoh, whiluahplying By gateal$ of gsusistdyd @ (dmohemory selection

e . enbodi nent s

PSR LA SBRAE AR Ly By

(OB | w@anhéwélsnussﬁmpetthmnsa«ead @Fogomemnd eyase ppryatns for

d?fg%é;“g lslaerg% g%gf’deéﬁ (??EE 1% ﬁ}éseé&?lg g@isctamne %dl{f%gntpi?memory cell

1000kustraesingIGUREGAD| ementary nenory cel | 200 may be

7 A AV oL LD TS
haen® ﬁWN&hhﬂneﬂl@pﬂﬁenﬁM‘pb]Bﬂﬂm Eiwlymﬁm P ynea®h ceADOhiciThiares at least

IS, . £0 enentar 15 20 b
o PR SR ENeT i Ry PRy etr e TIEPHES 248 T Shmptementry
niinidrec«tiroe indudehfrst R&hary IcMElOaVEdvU@&nN-ﬂfa&ﬁbl @dcess transistor 12a and
exhibited in electric field progranmabl e bi-stable

el enent 14a and 14b. [01751 The state of conpl enentary
menory cell 200 nmay be read a¥d/ or determ ned by a
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sense anplifier (conparator), which nmay be a voltage

or current type conparator (for exanple, a

cross-coupl ed sense anplifier). In this regard, sense
anplifier conmpares a current or voltage of 20 one of
eltreéé{§$ S xéo\é\rl %ﬁhélebze %t%%Pfé eg)nr%pte&%ﬁ Qecgﬁ&)ﬁl@lqo rEel{l :11?00 having an P-
clianadl dcqnssagin&nmatﬂbeanb elegtiafitld palgememiblelbd stablegleinth) 14bo Imthis
er\rlllc]: ; gn,cgg\égézg %ﬁﬁgﬁ%{ﬁ%hﬂ'@fWaCﬁf&Pﬁgn%ls%?q Jn(arP- %mgc%ess
traesistoe d 2ty yespentisely, anenguinnéategrtogkther snd/cn@tpmaﬂlbwby @common signal (word)
i & esentative of the different logic states stored in
Wetfory cell 10a and 10b. 25 [0176] In particul ar,
[018Bior Y Tﬁeeinhmbry@llsmi)y abcblObeﬁdoﬂnylememsy mgmepypdelli200 lﬁdp be

to the esst nS|sto
mapfhelired SR g S ol s o e 0y ke fefbieto any of e
emBYtiméMiCof an¢ of it aspeas off thepresht mﬁenilbﬁ‘sl désqpibedhea¢inallogover,
filml y sensedb sensea lifier 44, Th
r%?ﬂ% ifeha 3 Ay Inglads Llggows g5 degpihen god Ppsiajep i Girespegt o any

ofliBb eMbaiEY ¥ aig ofthk PpeitObtRGBredchOinventxmiebcibedherérh.t Eor the sake
or ground/ common) to the Ig;ate of cess transistor

Oﬁ%"“yr ?‘i“’i"rﬂeéa‘]%é&‘/““sts’rﬁ’és apy 1flusiratins ptlenqjioe PEUEY i ¢ i el d

61'7@}3 ra ,&hef datatalAdT thiRW oRRINS SB5RshpRneR @RS HerdrP télf 208rmay be
[017 1 The state of conpl enentary nmenopry cel|l 200

r%gsm%@ dgfermpingd by 1ampling sepsipp eapiing AR dﬁﬁm&gr‘%‘f’ﬁ'f’ ytagstored in
X% nfRRry EMO1 0247 RERRIE &ty WRIoAGR111200. 5T B, &Infp@kenfiry memory cell

| ogic high or logic |ow while one of t he access
200 mpwbesieast by spppling, gensing, mepsurgigand/prdetgting the diffgregoe in the resistive

vﬁ@&tsf&éd StieQMBed ih BBctAL fiel T Bhoghen et diable eMpnd 1@a ik Tub.
‘on" access transistor |2a and, with reference to

(41753 RE The state phefimplesseniarReTRery cpik2Q% ik Pad arlige ftgrpined by a

sén's@!lrgplmepflﬁﬁlmgbewﬁhh ﬁﬁf‘pé z?v@‘a@%rr%@yd@)éoﬂf:&ﬂtb ftﬁg:xample a
vol tage difference_of approximate

cwssscqveleé @na%?rb&l@e@} S this regard &9ne HPRJiich ARTBRIIES AfCPITER! Omltage of

ohdofGRThERSY celRN 12 bAi BAwhich aafelna bif'he FesisBVEVahRs ViBleli B3P&hibited in
di fference” of approximately volts across electric

elestef feld pegrammabiy b-stablerplement qul ) tosfesange voltage preeurrent
(prQ\Hdad for @)?a%ﬂ)lé he rLf@Qh& dReGilty 46) P[@1@: %@rYen$ on\fo'ltﬁléb s@nsle@ gj' §ense
low in electric field programmabl e bi-stable el ement

amglifier A% isdndiegjiwe or r@pﬂeetaem@f thf dlt_fervaﬁ logic setps serehingnqnepsycell 10a

iggontrolling the voltages applied to control signal

Ines 24 and 26. [0178] A logic high nay be stored in
(™76t r Ircpaiiculad, menangy eathinkde Immy be read b rassieg applying Vippigo By gate of

I g

fg tyagxﬁ&oﬂl 2§L(|£1£ Li(%tr%p%xé%}:@%?g\f %Hrtgﬁs I%gt tf([)@';ls%ﬁﬁ%g Ilrﬁthlsq’vay, the

r@@tamremf e!;ptgnéieldl progzar@p3ble Hlm Ldamayde' Serae@@sgnseraaméﬁgt"ér The

pl yé or
ki 0120 P 0550 B Ay TR
m@@r anmr@rtfunﬂ/mmmon)(@é@ gaEIoRESs trapsistay 12by h'alhns way ythe
re@xs agfg & elegmc?am pp@grflﬁrﬂgtﬁgfllglphb%w sQnsQ Q}hse rfagl{r@ﬁl4 4.

ctric el'd ™ programma st ab
[0:197]or ohalstalg obgommpamieptarygmemany lcelh g mayf lfeerfrém or grhsed via

pl%?%gn?éhggtﬁ%kty#él b\é]%lgé!gln? V\#PQ‘?[%‘M lr\g)ﬁéée t? stfo}e ilger a logic hl'gSl or logic

loAswhierdnie ofi thel aedesstensistons A 24 anglel 24 iisf foe'r eInctlas ©gard, opotrelsignal line 22

maR{)%T: raxsgggooy%pg E) { 1}% ?‘onc'%gcgeg otlr ln'sn% es i} Lfm lbrgéreruoeil? é:]lGE]I{E éZ, a logic
high enaywastoreddesieardc fied pmgraalmaaler’o&ylabif: eumbﬁtelrle hy pmVviding or
menory cells 100 descri bed above, a nenory device nay

i nclude an array of conplenentary nmenory cell 200
(i.e., a 32
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plurality of nmenory cells, arranged in repeating

patterns). (See, for exanple, FlIGURES 22C and 22D).

The conpl enentary nmenory cell 200 nay be arranged in

an array in many di fferent 20 ways. For exanpl e,
aggqglplﬁeggl?t 24 fepegl?ég e, ag%r% aa\?/e?yn4 ngtslt%grrofsa {cltr?caiﬁe?(? %ro ra:%mable film
464Ianr.rkst @aiyiﬂmgml appigmgla rekese tvoltage ﬂnf“efedcqcxvf@gpxamtcl)& volts

a{:rP%\s egecgrfcg'e‘?&a[%ggfgt@ T ?@ggl ?4a € While Fr?r%lrsr %48 ok g I"ox? 68‘%%% I;h% logic high,
tlsaee:hyrsdmaggmgtc loW irt électmmﬁe&m pnogmﬂunalt;tae;@sgaﬂb ?eRE:jtZZE:) A vbimge

is e iment, eac er  of. ectric fi.e . .
RSB A P 0 PSPl e Sk daet el gl signl tns

2t1raa(n36 stor 12) "effectively"” 25 includes a plurality

|| s 20Q0aa- xx, havi cce tra t or
@f;s both oS Blehvrabe 53 ‘Pe‘Eﬁaﬁﬁgf‘}’“’éﬁé‘Hﬂé’ I‘SHE%F egygnt 14b by
a§ﬁ§l?§2 E@ﬁfﬁcéﬁlyﬂﬂd vﬁit@@t(fok Exalrip®), 0 vEIEsY Gfg'imb!?a&bss%aﬁ@slt& 12b (via

errent in one of the plurality of Iﬁl)é/r'
O‘F“%P"e%%)é? ‘“"hé’“n%‘i‘ffﬁséﬁ%“‘éfb‘&bé" PIYKNENEY 6?@”&&3 voltage

dnveyerla@ of appfoxfidid¢l4.5 WoligRebss ElbGROBAE proghietngible! fﬂﬁ‘aaﬂ)e(@eé IFIGURE
A g ane or layer that is different than (for exanp
h

WIWIYSmFBsIF A%t maghe storrd (c5@ lqaif Rish sgrpet)) in dlestric il
%%ﬁéhﬁﬁe%l%taial% elBREn DRI 6 Drdvidh £6F abpl ?mg Qlvoltdge difference of

i con, anorphous Silicon or
aﬁPfﬁK’@faS?‘%)t 2rqlis agroswtestricdleld popgrpmeatle lng | b Qubile tapsistor 42b is "on”).
AR 85R! 2 Fifagy dl?ffereﬂi%m? bYW ofi@May REprbARd U&‘@B%llmg the voltages
wherein one or nore layers (in adJ,tlon to or inlieu
agpliediecantrplsignat lnes Ahgnd 29¢| ude transi stors. (See for
[@@W' @ ikel tﬁé’ﬁérﬁo@%eh& lFalvﬁgBE%%sﬁ‘ differerfial MGG cells 100 descrlbed
electric field programmuable bi™-stable elenen?
apevef pmpery dgvispmariacldeianoyray of eangdernantarppemerysell 6%%33
pRrallt) 8 méh& %: Qvﬁraﬂgéﬂ iR fepPRIn@ Watdted). (BERRR eRdnIS ; FIGURES 22C and
Mor eover , be advant ageous to fabricate the 33
2Dy hﬂwmmp&m@@g@ mamosy fedk 0Ingy e granged inean agay pgpany different
\J/z@y €Fct ekdnilfie, EAPBMEntary ﬂle%%%e‘il@b@ m%g be RbriGRQMR a s@fked
bél'ow substrate 32) and P-channel access
cprizgusition.dieying  PlyFrlityoef 1%fse64de¢l’eqﬁ@hWCIPé%/@r%ec(ffcdleld programmable
bEXEHP %l@meﬁt%o QiStB E\QBI‘? né&dir%r ac@ég ¥énsidor Qse(legéﬁbgﬁj BVE Btk respect to
32). 01811 tably nory cells 200 of the nenory
topesptand apneyt célﬂs:onmtltﬁramsm &I@URE32Q). Ao this @nl@sim&a @ach layer of
QT R I
o2 R b imat I D o ST b a0 R ety
incdudob @ plutabityaef snswionit estls 30esx, haviapei adceyssrandiitertl 24bash N-channel
aﬂh ?QR&%QI h{g (?Stl-fl(pﬁlt ?ub @ate 52851% elec{: ’c%ﬁ"—_pr?% lﬁL l) -stable element
ayout ? urations for access transis ther
lmnchanmdhlmﬂﬂﬁyohbﬁme@l type access tranS|stors) in

[gl@ﬂg tab oergcgllexa§§ 8?11( %&gﬁab\?\}é? ﬁsllsQorg 'lf{?g)égg ﬂ%&%bﬁed, disposed

ad@’vellocmfeidn a @laee piribyeen thatlis tlrffelmt Wam (fDnt:xbinplep\h@aﬁl substrate 32. In
tllr gv g%‘fil t@@]tr? I §Oé§r Jr}u%' bee;l:%bn at%gprf)m or ]gn e%cilj)bsﬁ cofl, amOfpéloas SllllCOIl or

odmnﬁorgmrysadlhmﬁateraﬂ t Undeu thm::mmdstar&el Vaa‘nﬂlagesomf artdy®f memory may

o B S P RGO R0 o R G g may e
udhdidies E(ﬂée amémrples ilayers &8 ireFIGOIRBSEBASC). fAsatic; elotric field

mat er i ur at.i. ons attribute truct

R St sBRR e RR A TS b G ke BT PSPl By G planes
tHat ﬁm’labdﬁ& atd/ok@$SH $udh traxidistdrd. |M61T66‘&E,I1Chﬂa)alﬁ&hdﬁirﬂagﬂﬁls t#\Gabricate the
such, the enbodi nents, features, material s,

configurations, attributes, structures and advant ages

of the inventions described a¥d illustrated herein

are not exhaustive and it shoul d be understood that

such other, simlar, as well as
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different, enbodinents, features, materials,
configurations, attributes, structures and advant ages
of the present inventions are within the scope of the
present invention. 20 [0183] For exanpl e, electric

,eld 1RrQarant bIef|Im4gr [ el 3
I\I Chrzr‘tr)m%/ acce tran NS0T A, %rgrlfl)gr rg% ﬁ—g@ng @geﬁglrsl%l%sjefr te 3? or above

opbeumalsmttsyatoBZ)‘ anh IﬁE: P-dHaarel acsesseﬁaemwrs @n orkeioe mgre different layers (for

bl i ncl yd separat e/l ayered
gi"g‘gf’ ﬁwg‘i%ﬁ% %i SEEYY %\ﬁﬁékﬂwes“#’ %lfaﬁesﬁs\fhat are descri bed
[0181F| eMNokably, frieglogl detlo20estRthe@ndry Hﬂﬁceﬁﬁdy&ﬂ‘do be fabricated in a non-
lication. [.0184]1 reo whi |l e sigpi fjcan
SR icG o e Se Frstt G ProeriRL R BotPl Sleprls digosed n
sERMDleL64, R6BIAL to Msbélaed #5a6ks tramistor® Whiz @ )dispbde@ tif Qblsttate 32. (See,
ﬁHg r}nel access transi st otr the inventions (aneg P-channel
FIGHBH 27Nt A1 {ayeyt SopliBuFALORS IoBRges HpRSISPrs (euher NY-phanpe] or P-channe
tARRLdSARInSistor) Fr e RAs B lasB6iaRE Slecttit AAY Eﬂgﬁnﬁnabt@fi@ﬁﬂl@ lelement(s),
t he CI rcuitry that is peripheral to the nmenor

@.or {giir develapre ardpispdeddo by vijkip e Prgspnt imventon. (See, for

ekJn{qISl@tFi@URQSh@AQIE) as wel | as conparators) may
i ncl ude P-channel ~and/or N-channel type transistors.

(44821 v o Whilsecsrtaip epbediments, Seaties; matgeals copfiguggtiens,aitributes and
ahmmeé df tﬁé}ﬁvc%QOrﬁrﬂavé &eﬁ H&bltlbe‘afan& mu§treﬁ|édsﬁ s R 12- understood that
Accordi ngly, for sake of brevity, these discussions

miiny othep s well as differant@ad/of simids emppdimiets, feausesymaterigneanfigurations,
aﬁhQﬁf@s sddéﬁﬁé“‘s afid §dvgﬁtgé’es df {ht‘, Efegcmt mtvgrﬁn)ﬂé ke z([fi‘)QxQnt from the
CIrCUItrY |g§tenen such techniques) to read data
descontiom diugirdtion aetbelaimisnfie supbribe gmbastiments] Graturey, metarily

cS é t11>1Qso att%&tcs%&u&?gﬁfuﬂ;&m&es He e Mhs{ decribed and illustrated

ere oré et her now known or ter evel ope

hamel drppas igaleatistive andhit shopdd bei mdqrmoct@@;peclmthqrmnmre@eml as

di g&ﬂtclnﬁagdmgg{s fEtEED 'n?atentaE CcohfiAfatind C? Wby, st%tuﬁ% ah®@H antages
and erase operations nmay performed sequéntially, in

ob the rdsenit invantepnis arg eyydindbasdops offthy presghieipyantien.f i el d

1 TR 4y S0y 0 3Bl
recaeEy e:tllel OQbdegcraied pladve Imap &g caprispOMfBG]lurality wéﬁhnso el is, electric
fggﬁ)\fggcralhg L Gt 5(') ﬁ)tdgfngluﬁggvo?e&g%} gg’éd gﬁé’t i ﬂl(’i] iprc(I)éreaénmable films

ate usi ng st ard at’ron
tiiat ave descaibgyl ip ElepicrFicld Progruiniable Fnly;s Rat.eap@pmtcatwm, and

ol i I . r
(P8} s A IESCEDML a yeffRt Bhriol S ERARICH 1h AL ERK S
enample,regde, twrde\ahd teed holiages direrctqd tN- cﬂndmhtcagps tassistaps, the inventions
(%n{ oe?ntrbg%r{g ﬁ lllef(rjee %J‘]egc{,rll £d {wrel{l are 8nt1re{yea(étglrclagla to yﬁhannel access
tmnmmx’s €eMorw@ner; therpirduittyi thay,is ipbdraldo eheamtorngray (B etampie, word
coat i sl ide .or cascade co n
11(1:18 g?cogerslgrx Ve, t dg‘%sfrﬁtﬁd geurglﬁ ag Swea R f:%m%zwg )1r8dy 18%:1‘1&:31; Channel

apdfoclV. {Oharhblayk&) trzmci&tbisn g‘he Vaayad camol svel earsitorodré well known in the

AR B d g 8Riord o RaR Gy (BB A5G o o

répeatt@ coating, silk screen printing processes,

G BB R A BR3P B Rl Bl (M o
itplameiiteiichtehRiqass) tye & daBSHdrs bx&ﬂwﬂtb Idata 16 mk MR calls 10 and memory
rrie ssenbly or, direct

| f
<&y BlspFPCS andsirigy diesore et i kanown o later developed,

af ifehde@ ROy M hiZBé bdpe o@@redvmwanuam OFdPYiAn@ & thkJeadll ahd write, or
t echni ques whereby an el ectrode and/or an electric

field programmable fil mnmy be advantageously
deposited, forned, structured34 patterned and/ or

provi ded. [0187] Further structuring or patterning

el ectrodes and/or an electric field programmable film

v
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may be inpl enmented and/ or obtained through patterning

by liftoff techniques, or by chem cal, physical,

el ectrical, or photolytic etching, renoval, or

abl ation (such as |aser ablation). Indeed, 20 the
osition, q1§03|t|on formation, struc

rtﬁ%fﬂt%’sﬁ% CEQNS TR 96 ReEPTRs] spqueptiplly 1a paralisl Gapd epewdﬁrgiy) for

e@écﬁﬁtﬁeqmlﬁogmﬁ]ﬁ{abla Ib{-§ble aaelertt h#a £ldR%E Y48 6f thén@drflcell 100 of FIGURES
{)7 r ammab Il mmy affect the gerformance of the

t1ZB¢bydacipding SeA%’a@d@ﬁd signablines 2ger f or mance and
[0£861 2Di Ad th¥ntidRESIBE ¢, thé Rrandidtors BRYelQErodc MY 1R IPidted Bing standard
select froma range of electrode materials, such as
féﬁarg:gﬂq)rbtem@ps; @¢r§xamplﬁép@&m SPUHeringr o;vap«gaﬂon and photolithography).
i geraeeli i ﬁllrldaﬁisfabrﬁ%ﬁ(ﬁl échn[ﬁ%&ﬁhayoﬂéoqﬁ%mpmytﬂ | §l2R non-standard or
chalcogenldes and pnictid sem conduct ors.
rog4@ditional teghiques mabi be a@@n@mm%cg@mnrwde awstiorffgrm the electncally
NS

AP AR Ep AL DGR LI S i coune.

st er ottrusion eoating.slidd acasaderqohéng, ¢uttpinppatinghificoatingpuch as knife over
£y T |
@’F gt?oa%bplg%él) ggatﬁlg f{n%?a?(li QJd rga?sgq!elﬁ&}a[ug% gyavsnjg ?%ﬁng Jlf; k&atmg, spray
qohyrgi, mehibops nerding, )spmgoathlg lgushfcastangodir kife cehtingt silkdereent primting
[ R, .
p?é(j%gsk?g ef:ec{fds?aéig 89&9[% 6)2(2@%?4 ?ln%a%gal g dh{ﬂ% pgélcaegsg%, éﬁ/k é?t}(?@/ﬁﬁ%%rocesses,
dinyt trapsferf S}ach irsdaseptsymed ablatgindromcd eartigt sefsisembtye direct growth,
e(fecm)(?e sng)% ?ole}slsq Sep%sfﬁn% ref%gt?opopy%e Igaﬁlog @&]5 @F&?Ie lslgd PVD are
dmlaecrhmqnc;s wmddb@ran ale&:xm‘dé elld/bl‘dﬂyleicptrﬁ m"xdldcprogngtmmmles fillumaybe
d a d fy the

B eberFadPL S SR T e e
[6187¢t r ddmhmduttmm@r@aummg élbc&iodesmnd@r amatednticefidid programmable film

such .as. a netal  or t

R PP St b e s sy D o, or by chemica
hlygcdl relectricale bdphptobygic archinp) x_embvdl _mralsidvicmr(sntch @s kbez@blatahd. Indeed,
tFHX'Pe CPmP,OSq‘Oé‘n%egﬂsgtzénaﬁ’ad’}‘gtiolnglﬁguﬁ%‘gg%o %F@ g{ﬁhg?gnd mocf) flcagon of the
ddrapdetd) ghe slediade oitetibies), ant diefehcric fieldqitogaammhtde\filmnglay affect the

R 40 AP K o SEr dTT P OTREI<R 8L Pl PALY Bfepective. i

mmeaﬂvmﬁga@ﬁw&llept H6m i @arig oEelednfpﬂ@maeﬁals; lautha@ Pkt @fterials,
ani c

s g, STRRHOTEA i e R GyPeF AP, gfeptraides, and pritides,
zmﬂrsérﬂlbﬁﬁlﬂﬁtﬁrsof t he device. | 0190] As nmenti oned above,

@L tor él e fabricate mor_in an .
hﬁ‘ﬁ% “i"ﬁ@r CRAYARFABETYS 19 PR deP gt apdjor cgyt eé‘,“‘”f‘ﬂ‘ce between
thé élbcﬁtbﬂe ﬁ‘xﬂlrtbé él&;mcgﬁéldi pﬂégﬂaﬁﬂrﬁaﬁﬁlﬂl’lﬂ,m Orie G2 inodd @@@1 for example, (1) by

FerenErediins BBy o irisotole et A6 IR HREp . orboth,

dndRND) B Phiysikally naadfym?gt tBé étﬂfa&e SFIRCe1dRBaE theelecii eielmqugrammable
are_ jnt ended tQ

w wn or |ater develo
hﬁ" AN/ e By 1ptroduring a$%<§évﬁre pgqitional; leygrs wiygh may modify the
[ﬂWﬁ&EﬂP kigaracteri8ifsios the cntde? bEf¥erife E184F0d€ Atdafle E1Ectric field programmable
ysilicon or anorphous silicon, Such a configuration .

fﬁ@yswheﬁ ) 14 Y SO BRSO A PR 3P arﬁc’écrwyymroducmg one or

M€ b &itbonBNEy RS wiBH Ria) ABEFBthE ERACH chdrRerisGos Q¥ the Bonth® Yetween the
of the substrate) disposed above substrate 32 nma

algqrpdrcrad theglestrisifisidpragrammag]e B, speh apgynetd opmetalaxidedigs with a
sh&ifiCwsk ¥sicabh.i ze a 15 polysilicon layer disposed

above substrate 32 in order to enhance the operating
characteristics or increase the density of

transistors 12 that are disposed or fabricated

~therein. [0191] Mreover, in another enbodi nent, thin

nmonocrystalline wafers may be bonded
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together to provide a plurality of 3-dinensional array
of menory having transistors disposed or fabricated

in layers "above" or spaced froma "substrate". The
electric field programmabl e bi 20 stable elenent 14

i ncludi ng el ectrodes_ 38 and electric fie

é}%r ariefEPer-1the slecirty) figkdprogrammaple iy éeﬁ/?rﬁh%?le%@ém%have

AAHEBndl RiaRridB RRGHBAIA ihtb RRMB i8S vd, efithed ;{ﬂ.u;a,g cingd@nnal
and/ or P-chanpel transistors) to _provide

chargetaristies ¢fiihg inigrfpcey sush andiom ?‘3)" W‘[‘@'lgaaZ‘]‘s P‘%he§ﬁ‘bﬂl°ﬂ'°$§§’ and/or
Jo%m%meﬁ&e dThd\Rhtefidl Selé b and nfdakichtiond B4 mﬂta gERBPServe to
ot her things, a single conponent or a nultipli C|ty of
IgraYe ﬁ@hwsopemme%f@f:mwﬁl Physisgls mechgniely themmal, Pb?l?ﬁ%qal gompatibility,
REB i pﬁﬁ)ng tfherfdrdnge 8Ghd ¥&i@Nnd/ or passive, and which

are “coupl ed together to provide or performa desired

[P1A08t i ohs memtienedeabaye; Epnsistar 2 yray he {abrieatesd fraampmig apy $eay-conducting
rli:hérﬁg %nchﬁi}p% f(ﬁlékil:mplé ‘éﬂ@&dﬁ&’maéﬂgﬁﬁ&xﬂ%ﬁ?ﬂ g’er OPMﬁMcsrﬁatenal such as

a group o such circuits, a processor
REneBS s (e¢.3r exampledlayans 68y FEGYRIER2A-Cor Al r@c&mdis plfabrisating

tglﬁlSl%OlC i%(ﬁﬁﬂ %ﬁé}’*{i%é%& Ehe}emge\gﬁe%e? 90\9 klzoqugmrl%rstﬁ)/eloﬁd are intended to

such crrcurt rocessor
lprvodmsm sqopg of ﬂmplesmhmwmosoﬁtrmmle pransisters b2 (ngy beafabiricated in

pl%?ypsfl\ilcgtg:&la%o Hou {)ﬁ'éoﬂr SQJH? c%?ﬁgfrz(t?og n?agqacq’l'ltgtglzi'ﬁc‘u%énswnal array of

ementn
ragnry whetaimront hr mgs layarsdinradditipn @ror voliduay dlessngeuate{ diyposed above

s.\ﬁ@set‘lla[}eﬁ nﬁay 19&ucﬁqa¥1sqgor9 r12 }%HE 1&1%% ‘)9 Ewantlge%us Eo% @gstalllze a
pohﬁspmmt l,ayedelispoied almyn |siﬂmtrata A2linoorder @(aq:nhamcm therperaphg cemsteristics or

‘ mcrease aln%ﬁnsxty ﬁtranmsIrPS ﬁ(tﬁgt are drlS&)OSC? or ka%r 1¢aterm)(er%l !

0 det ect,
[0t91|h)n [ Momovea.mﬂ brmthet embcehment tBip n&ﬁo@&s&alhﬁé Wifers miag be bonded
taéet%le otpr?\gdeaan %luraFFgggﬁi d%%\gionglg%/rg{] gf m?rﬁory ﬂavx?ﬁgt}’ansmw{s disposed or
fabxrqared &i lagirs abseltoc spackddtonr a tsnbm:ateSt ke alwcidf(h]m;gogrammable bi-
stab'ie tle AF Cn(‘tli]lla('l\l” negec rgﬁ)elél %k ncF eslectlr% érlodr%m?na“er 40) may be
con , a secon regl on Jd rrpurl
ctmpomdow mdietweeh isuchithia m:dunrystaliuteywifgrp &on@inbdy-chiangel tamd/or P-channel

tdi SF)to td bet. (geeyd.t he .fi ?n on _and the second

FEYP8H ORRP S 4 '{‘1’?85‘%'8 é’g SH°Phcl udes i npurities

[w92pr OVIt shoukd b&éﬂﬂﬁdnmanﬁmmd tvmt 3¢1¢Mﬂenaohﬁaraaj armdng ether things, a

&;ﬁond conduct|V|t p %g from [S
FfPEPPRANE §F Wb‘&l’ e °°“éP°B%R‘% W Elgr ‘86‘“?%‘ C‘Eﬂiﬁ Sttn or

®hee@ise), Which YreQotimMela@dlof Sasdi g alDwlyick & caupledadidttidto provide or

el ectric.field, prqgra hl e. bj -stabl e el emept
Regfiee et Bobid: 38 REB LRy may FiFAs ABPOF ogrings,  circui

(Gzlhaﬁérﬁht@grﬁtb@ bothdrGE R B eREp 6f sb‘lch &t@m Q pRdced¥BiTs), a processor(s)
&Iudln a first electrode;. a.se d .el ectrode

MEAUTE | L RPREITR I O 3 PRI B P 5B 6Blga Eroup
@@ﬁd&&ﬁﬁuﬂshﬁpﬁ)bdsﬁir(sﬁﬁﬂ/orS@F&E\ﬁor@) %#1&@Q%g VYW, BrockiSor(s) and
first data state of the nenpry cel prﬂe13ent ative
cbrfsulgs) and/or processor(s) and circuit(s) implementing software e term "data" may mean,
among other things, a current or voltage signal(s) whether in an analog or a digital form. The
term "measure” means, among other things, sample, sense, inspect, detect, monitor and/or
capture. The phrases "to sample” or "sample(s)" or the like, may mean, among other things, to

record, to measure, to detect, to monitor, and/or to sense.
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first resistance of the electric field progranmbl e
filmand the second data state is representative of a
second resistance of the electric field programable
film 2. The menory cell of claiml wherein the first
region is a drain region of the sem conductor
transi stor and wherein the first electrode is
connected to the drain region. 3. The nenory cell of
claiml wherein the secong§#§ jON i S a source region
of the sem conductor tra and wherein the first
el ectrode is connected to the source region. 4. The
WhanBriuinediel | of claim 1l wherein the first electrode is

cted to fot con
EReBREY et i3n, 4F eb': AEIHARAPERH g, errnd e sate. the
mcmetyemlrcbmpfis:egd progr armabl e b| stable elenents, the
rrerrp% cgll havi ng a Ideast a first data state and a
s et BANCAFrLOLansiat rt"ﬁl%’ Wétory cell conprising: a
ﬁem condhitet r@fioh havisy sﬁpnmmgmlpmwfmga fidt cfdngsduvnggypen
aving inpurities to provide a fir onductivjt
Lype: d SERGHEEPLAO MEAVTING  Rptidas S SoBosatsty Heca
first Qosualwqfengh wpés\éamn&zn PRABY regR@i i thid mesdad:gmn, wherein
between the first regiaon and the secon

wHBS &pdy reginn %@a?ﬁsrlwpﬁﬂeq WATAYES 3 smﬂlcpp !lf_lléy type wherein the

Pr R¥didQoAd BN Y pE RUEG LA dry the YR thﬁxE(an}' typ& angecond
conductivity type is different fromthe first

conduct? 8ale jPacghisemeand eleciicrlly caupleddeythe dady regipg: and
el Ctretbwid! fivd Cﬂ‘dﬂla\%%abﬁ Bhﬁalﬁ@dé(erﬁﬁﬂ' Qéhneé\e& |16Sthe semiconductor
el ectric field programmabl e bi-stable el ement,
wransistonyibe elegirie Heldpeossammatip Biwtekls clemenliagludieg: t he
el ect 1 i Girbil fdcthol; 00r ammabl e bi - st abl e el enent
including: a first electrode; a second el ectrode; and
at | eadtseennd eigcsede; prd fi el d progranmabl e fil m di sposed
bet ween 48t fohé %Fect?l@dﬁelc? gﬁ@é?ﬁnﬁxlaﬁgtﬁlﬁﬂﬁﬁpwg rtfélvl;beh hﬁe first and
electric field programma m 1 ncludes at | east
r setandaplestrodesaw besein |ﬂm:flt$d dalg statef pf e mwrswakhctaeresteaqr@atwe of a
a [ eglr fi
"SsCoc3RGRK of 83, SLAE TRl Bl rarfnBE AL S0 Lok Bl st i
sanpressntitive off a setorasiiganye of theelesirizdield woiznamlmble film.
progranmabl e bi-stable elenment including a first
elZct r dde; mcmorw@kimi Oélilmci rvdweein dredfiest régionsis oneain region of the
scmx@n?&&&l 3£\El%l' QndD\L eelJc &Q @ @@'uﬁeé Hﬁmebﬁﬁ

secon ectro erel ctri

figld H‘rhggﬁegﬁqa;?%l?otf d1hi o %le&%eﬁxc%g Jnrﬁggéxori WO souree rc%xon of the

resi st ance I ncl'udi n ance stat
semicanduciord o sisidr arsiovlereim the fs'staﬂwtroma conmieeted lathe baitqegrgipy.

cell isin: (1) the first data state when the electric v

fidel d pihegremamatrlleoffcldim lowhergia the first eleduode isj confdetsiddo the gate of

the sﬂ,g&{dﬁm;ng Jj;-stable element is in the first state

ectric field programmable fil mof the second

elsect 1iaC pfelifhy! B QRUIHIRERR! SullitySbABlefiric field programmable bi-stable

elements, the memory cell having at least a first data state and a second data state, the memory
cell comprising: ‘
a semiconductor transistor including:
a first region having impurities to provide a first conductivity type;
- a second region having impurities to provide a first conductivity type;
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elenment is in the second state and (2) the second data

state when the electric field programmable film of

the first electric field programrabl e bi-stable

elenment is in the second state and the electric field
programmabl e fil mof the second electric field

pr ogr ammeb Py eeies dispesed betiyasn the irst regiqmmandsthe secord regien, wherein
6. The H@Wé'gYorFﬁElludégfm@{n@ﬁég‘té YRl e R-c&rl?lecoﬂﬁﬁgﬁ('ﬁ’y %@L lwherein the
includes third and fourth Fa states and where

t he Rt sPreeativity wpe is diffpsent ﬁpmdh%'epogml@tmw anthe

electric {il doaRldQsAIELlebrfdlyTh@fled B%e Holif fion;

el ectric f%el gp pr ogr ammabl enba} Y ‘g‘{)? ' Jo%ﬁgglon [

the Riffrgtelestrig feelémaoarmn@kebt-mhie fcleeﬂem, cmgcchmabl semiconductor
tfahdiforOfhe blEtriS HEM -sjabf! bl e

al -ls tab ee enemsn?) |g§1§rﬁméh& Hbir%se?e“%?g%lg; ind t he

menory cedfirsideciradeshe fourth data state when the

electric fj ammabl e filmof the first

el ectric ﬁeg(}nge%{cggeagﬂnﬁigbl e bi-stable elenent is in

t he secomd leasabre aleckrit Held pmgtamingablel flnd dBPosed between the first and
pr og of t ectric figld.

pr og%eg%%fg&mgé > Stab! etn% Ier;éctr At r}dekaToﬁraf'WbabL"eﬁlgh {pelidey  least two
7. Aremstamqstamel ihcluding aifltsngsistagple ytagl antl W s@bond resistance state;

sem Lokl sistors..an of .electri

i ol & PaEhekal B Sp Rt uRafiden hunchiends e semfonductor
tﬂamxstorgthablettaaﬁtld @rdgranghabitehi atabkeimenaificludingecond dat a

st at e, the rste c[ré cell comprising: a first

seni condutt T (I1’1SI stor including: a first region

havi ng i rmsamnﬂlekstrdda gndovi de a first conductivity

type; a s ond regi an es to r vi de i
fiyfst con @t on ?fleYtVfDB‘eY %5@3})"?&6 %lr"f’ 3138%%‘% gtween the first and

bet weeondt hecttfoddfsstvhd’ragltbd’] eﬁﬂdc tfi’e&l §1©§1@ﬂﬂ1abl%%lﬂﬂmcludes at least two

}’\'?Zgrgalmg nce sgteél %%(ﬁ e%gehg trrefxft%rge tststeﬁlp e?«%g}lcgreplglgxg% cﬁ){ﬁte and

condwbetreml thy mympeywbsdr &4 Mn:t (19 l$1€Cﬁ>rBtd de@nglate t wivdnt )het b’l@@rlc field
e BB kRl B, RIS
ahxbdyt dleegicoﬁleld)fprdghﬂmﬁaliles film $€ MeCROSHAC irid field PrépgraMimable bi-stable

rst. electric ranmpbl e bi taleelerren
Jes‘ﬁ?fé%t"e‘ %"’t“r?éa“? ?'\9’45 e &tﬁcﬁtﬁ? wher the gleettip ﬁeldtpfﬂsrammable
fith ©f thiel firsf éledutc ﬂélﬂgﬁ@ﬂfﬁ:’ﬁhlﬂe Bi-stsl@bleMe! @MRNthe second state and the
a second el ectraode; an

including: a firs trode;
elgpirip i‘s@ﬂ%ﬁﬁ@“@?"éﬁ ifm efe e &F9nb FlsefPie MpdreerpmmaRley P’siﬁ%%"e%}emem is
ilaé fisefiatt.he first and second el ectrodes wherein the
electric field programmable filmincludes at |east two
resiGt ande sieaiods celll GRCdIAIf G héredni thé memBS GlIaRGEdes iAideand fourth
4and a i’i%c nd.resi stance state; a second sem conduct or

e A& ®f%t| uding: a first region having inpurities

t o phomeeryaell i ih theamPTlaued deate Wierd %8 Blectric field programmable film of the

first electric field programmable bi-stable element is in the first state and the electric field

programmable film of the second electric field programmable bi-stable element is in the first
state; and
the memory cell is in the fourth data state when the electric field programmable film of

the-first electric field programmable bi-stable element is in the second state and the electric field
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a second region having inpurities to provide a third
conductivity type; a body region disposed between the

first region and the second region, wherein the body

regi on of the second sem conductor transistor includes
inmpurities to provide a faourth conductivity type .
RiperABmable figm o ﬁ\etSPFOeé glectee fighdtpjogrypmatle b ’dﬁtzrb?{ee?l@rmnt fisr i the second
dhe third conductivity type; and a gate, spaced from

and el ectrically coupled to the body region of the

second Sﬁ%&ﬂ&g Well flclidin@nSp1StaRty  of JemR 6oL IrfizistorCand a plurality
field pré?%r anmabl e bi -stabl e el enent, connected to the

o destiis fied@ progrmumRbleobi-sablerieraqngss they emery sl having ptdlpast a first data
MO HR BRI Qafd s rafed @a@'nﬁ‘:m%bﬁééﬁ%mbﬁs%g;d' ng: a first
el ectrode; a second el ectrode: 9 at | east one
el ectarfiret semisprilugtopigansisionipclidel m di sposed bet ween t he
first and j.C
ferd orodBERAM EUREANRS Gprdiie TEABHEIRG bipe!
el ectric fpesbad lpgleghanmbmemﬁqsltmn@fﬂdc h &irst eendnetivity type;
electric fi tahl
Cnel udes gtbgtlli)dreg{og% V@H@;@g?}:&eg}h g% it Q%mr? Lrl?dgfglpts%fond reglon wherein
firstthe b@lystteants of sheafirst anmdccaxdqummxstoesncmdam oepwitiet &, provide a
and r : . R t
st at 2@ dﬁaﬁn rv?’hg?e?nl lhle ag’cogtg g%r&émg ?y flg ?’ %fex%?t ffom the first
t he fcpnCBltctnetyemeu anﬂ f| eld pr ogr amabl e bi - st abl e

element ig | the rst sS4 ay d t elet e field .
pr ogr anmab| géipa acecI {rO{nhe éS & Cegtn 88& cot rFedC ft € rba&y region of the first
pr ogrsammlhﬂuetobtraxfstsahl e elenent is in the second

state, state when th lectric

o1 d RSkl o frnne HYCT oy {aFReti o B i ffnfconductor
tomeigton itheedidcaiclfieldsiragrhiameble bienablé demént ifeldigcond st at e

and the e egtrlc field programmable film of the

second elecfrl t'dee’Id programmabl e bi-stabl e el enent

IS in thesdcbuddlectbdd;@and 8. The nmenory cell of claim?7
wherein the, bod f the first conduct or

ranet ot ot e ae ISRRor S RS, e o Sehften, e first and
body se@gd @lectobdes h&lefbﬁtdﬁobléc[rﬂ:nﬁdslﬁt;ﬁﬁgrarﬁmﬁble Fihﬁ ymﬁudes at least two
seniconguctqr ﬁ ry,.C

wher &7 P ReS Y& SGSBﬁ‘r%festsﬁé“fﬁ“P%i‘ °é‘8ﬁ?ﬂ?@f‘8°r5tate

t r ansisedond sdxﬁcc&ﬂué\bﬁ@ﬁﬂﬁst&ﬁmlﬁmﬂ@luct or material and the

body region of the second .transistor

oo conqubEE repten GG ERGC Hh Bt (YL Bp el LR 1 7

wher ei n t heecbriygio Bavay igpuiitis 1 proside & Gild CORMMBETEQ type;
transistor is a P-t m conductor materjal and. the

body regi 6H°‘§f region déeesaaﬁewseh edtrejrregian gndsthe sergnd region, wherein
sem I sHds rédio K tBé kebnd &Jnlcoﬁhﬁctéfﬁfﬁﬁﬁlﬁoﬁﬁl:lhdé@flmﬁbtﬁlemtg provide a
mher%ln the nmenpry cell jncludes third and fourth

dat a feyrth coaductvity, fype gpﬂemttheefqﬁlghﬁpxyiueté\pqy type is diffefgat from the third
t hi r dostRtavigtplecanthen the el ectric field progranmabl e

filmof the
a gate, spaced from, and electrically coupled to the body region of the second

semiconductor transistor;
a second electric field programmable bi-stable element, connected to the second
semiconductor transistor, the electric field programmable bi-stable element including:
_ afirst electrode;

a second electrode; and
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first electric field programmable bi-stable elenent is
in the second state and the electric field
programmabl e fil mof the second electric field
programmuabl e bi-stable element is in the second

state; and the nenpry cell is in the fourth data state
when t he &|least P e\evtar dielst sepeeammablcefim (dispesed bepyyeen the first and

fir siecohQtdiiofess dfrahd sabwaeém@l@ileﬁ ;Qb%r%fi&%l@ bRLESTE Bfemet wherein
in the first state and the electric

pr ogt8sieatsic dield pragrammeble fidm ob the serend elecisicifjeld programmable bi-stable
g(r)o%léxmtlh&u&g 28 18 (RoGEEABRRL slafs] fﬂclui‘iﬁg fal 3¢ resiSthi¥eState and a

second resistance state; and

wherein the memory cell is in: (1) the first data state when the electric field
programmable film of the first electric field programmable bi-stable element is in the first state
and the electric field programmable film of the second electric field programmable bi-stable
element is in the second state, and (2) the second data state when the electric field programmable
film of the first electric field programmable bi-stable element is in the second state and the
electric field programmable film of the second electric field programmable bi-stable element is

in the first state.

8. The memory cell of claim 7 wherein the body region of the first semiconductor
transistor is an N-type semiconductor material and the body region of the second transistor is a

P-type semiconductor material.

9. The memory cell of claim 7 wherein the body region of the first semiconductor
transistor is an N-type semiconductor material and the body region of the second transistor is an

N-type semiconductor material.

10.  The memory cell of claim 7 wherein the body region of the first semiconductor
transistor is a P-type semiconductor material and the body region of the second transistor is a P-

type semiconductor material.

11.  The memory cell of claim 7 wherein the memory cell includes third and fourth
data states and wherein:

the memory cell is in the third data state when the electric field programmable film of the
first electric field programmable bi-stable element is in the second state and the electric field
programmable film of the second electric field programmable bi-stable element is in the second
state; and

the memory cell is in the fourth data state when the electric field programmable film of
the first electric field programmable bi-stable element is in the first state and the electric field
. programmable film of the second electric field programmable bi-stable element is in the first

State.
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