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SELF- Bl ASI NG TRANSI STOR STRUCTURE AND SRAM CELL
TECHNI CAL FI ELD The present invention generally
wo edoane®1i o the fabrication of integrated circRPCT/ES2005/015294
and, nore particula to transistor architectures
that enabit& E%S&?e%aé@%mﬁﬁcgt TRERATRE PSRN st or
devi ces, thereby providing the potential for
si nmpl i fy| ng the configuration of circuit el enents,

such as registers, stHECRNIAUBELPs, and the |ike.

am%@&%@l;mgmﬁsﬁ%nwumﬂ@sr tB tHe Hba &L &%ggfafea Wirdufls, arRiUGle Aticularly, to
sto devi ce

trans1stor ar té: : rg G Iex}aclz hrt exéeln(i ﬁx{:‘uonahé)é éﬁlsg or %vtc?satb}grlgbgtpf)ciyédmg SE’he potential
for Sﬂnpafyelg Hreovifdediantriovpeiates soh aarctigss, sihictRed e, prdihdike.

Al t hough i mMense progg aS8cRE6nBaR} made over the
recent decadc?s Wi th respect to increased perfornmance

TR BT SIEEAS St e ZUEOIeCP1TS BRI £ PB B IS & bt guaber of
circuit elpmgs, vepecidlyamaghisfoesy are plogideicdd bpermsiliooaadsirictyd Gip area.  Although immense

progresla€Gdeh gaaecovg%l (&6 dchaeg SELGORAUS édoprerf SR Qﬁtréé{l@eﬁ Seature sizes
of "t

to steadil Yy red ucet e I mens| ons clrcult
of the Ghrifpfieracnisndhet epepine reaed foR een%aﬁ@aiupﬁ@n%e%fd letierip gevices forces
semicontigive \nefyfadnli@s @OsMdatilUietge ﬂ&adlmﬂ@oﬂ;f of f iR tit¢lii€ elShZ@Sand to increase the
operatin% %#] ?ﬁgrg%fg rfl?ﬁ%vexg fg{? ec gt]im#l}%sc!ﬂgl &P %egtgrgsgesg?vggrgsz Sfeate gfforts aa redesigning
process fe%quge%d e pipning ngy PWCW@@@agﬁtwlawésmpluéﬂ“errem desjgn ritles. Generally,
in compleXTRIr@%ryC lhii:ﬁ&lhg rcb’mﬂléic lowdi figiicagnpd exod Q@hﬂblo@@ ri§ ipRhily a preferred

t echnal ogy sent |
manufactmn%%f%;c?}x ue. m v1ew oq dev1qe erfe rmance %vd/grfg g{/ cogseum t101 In mtﬁ%rgted circuits

including Ilﬂﬁcd?ortﬁéﬁl\@’fmeé @nﬁ@%@&? @ﬁmolpgy R frrgsgrmbe @f G¢ld e@ﬁct tSﬂHSIStOTS (FETs) are
provided ﬂ’&t' Aty A1ty ngaka@ed 9@5 Evhﬁﬁbﬁ foaé, @iﬁam D¥fest H@xc MEnibies BB 8GMuctive state

(on-state A4 c@ii glglamfp%l% ce gFag (?tjy f)t?tgae[{hf/ stgtcfj 8{ té? E%cll P gtrtg’agis\itq?l%%atrolled by a gate
electrodgrydhich mah anfludnee, upoh egécaienifee g)pg)php,td:notltrcévdhta@hﬂlyconduct1v1ty of a channel

region f&&@ﬁ%&eﬂ?d&ﬁ Blind HA=SLAL8mARNd @ high inpedance state
The state of the field effect transistor

FéguE Htsa'ﬁin%tﬁallyﬁbovg adg)ts%seg}oga& tV’FB(?Ea twaﬁl gﬁld ﬁféigt transistor element as may
be used inrhidder® MRS -based dagicaipiaiitiyC it transist@feleaint HPEpOPisesalsebseaOLN Obor instance a
silicon sﬁl%trgt@ﬁ’a%mg tf(!?tﬁedqﬁé?eth Gltthe\{én]i ¥y cr%%llﬁle %Qi@ﬁ‘ [U%' on hfddh %ﬁrﬂ f&x&ﬂﬁ? gomgonents of

bet ween drain termnal ahd a source term na
the ranpisiar fEinid) iatealP1ipd s ABWELErater 198 $0ax alse repeent a5 awane @bstrate having
formed thytpinciatystilied semiediiatdr lalyéranpbsicd thidkhNBAkccABEmETERYs ﬂﬁﬁheu&ﬁ@onents of
the tranéel or%geﬁ“fi %@&HQ@?& gn I&Qéo%lp ’iéer ?v%l grr o(r)e @ff?ren‘fflgopat% matenals 51 a varying

enment S es nstan
concentigfiqn; tp ghfais this esir f@nﬁﬁvufvmthno rTﬁélas mdelp@émdomd ctranreatréuswr@ regions 104

deﬁmngCef Matoaﬁdubtrvey fygg e) rhstlﬁb% eﬁhrN afﬁduciuﬂtyMé condaUrithiAGRe crystalline region 102

ST T T T
drain and siyece regions 194 wianly dbmdrmtd a friaieria providing thy siipadith paméuctivity type, that is, as in
the exaryEH6 R QUCIRduch @Y 88 pBiucs Qgﬂhlﬁdoﬁﬂ v&ﬂﬂ'e%ﬁ%@ﬁé dfaldhd source regions 104.

at.es further nen the transistor 100.
MoreovdERBRGHALT Pt PG K TR COHBIT e Pl Gin e rmaoms 104 g
it may b ddped with a Popmnbatevialt elen ahestranmsta Mariy fongpresem @ MN-¢hainklodhhancement
transmtofr Qr %(:I@Jngy l;erkﬁ ghq§ 5513%(?91&1 oL %b§¥n9[£rlaf uﬂa%ttﬂe%nsmg;g héol'lé t% represent an N-

end, drain and source reglons
channel &‘éﬁl*?“ﬁ‘i‘ Haimatmf .Frog%ed chvathechappde yeetoy g3 i F 8 FRpdenid8, whih i separted
and thud\bl&mfbdlwcifrmu%teﬂ)ﬁ;om&h@clfaﬁfemgloﬂw @3hyra ﬂhﬁ’l@aﬁ ﬁﬁéﬁl&tﬁnhdyﬁlﬂ% In a typical

modern Eirgxg @ elgtgél% %;Héjwaﬁ gagerﬁlog pl:%% be p Ogldi tselae%/alls atg]t é?t{e% de 105, which

may be PS@@ ri%lg ﬂ@zmettowefeﬁe agfh whige @sfelnsé%bsclen m@mem andz)er in subsequent
processdd By RBand@PEd cshdubtivay BRLE rght@'ele@tfcﬁé/ 168, Re@lich K r?tyﬁ@a@?%blﬁﬁdsed of doped
conductivity type, that is, as in the exa e shown
P-conductivity, to produce a PN junction mnth each of
the drain and source reg'§Q§1%94 Mor eover, a
relatively thin channel gi on 103 may be establlshed
bet ween the drain and source regions 104 and it nmay be
doped with a P-type material when the transistor 100
is to represent an N—channel enhancenent tranS|stor
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processes for enhancing the conductivity of the gate
el ectrode 105, which is typically conprised of
walopemizxlysilicoii in silicon-based transi st orPCT/US2005/015294
el ement s For conveni ence, any further conponent s such
polysxhc]on mrsq’ig brasee\gl Itr%nlﬁlgsjﬁ%gs’/el%g?t O(ﬁ & IVfamencrs %ﬁ?‘g%er cgria%onents such agmetal silicides
andﬂielﬂaﬁ@fnat@hqmm@gm beess i nvol ves a plurality of highly

CATRL BN PhAGERS, ah%ﬁﬂ?&i}n G St Wi brd SR RV AN, ity of highly complex
speci fied dSI | es t hat Ere crlbethe i;qutlca

process &c]ﬁxécwgsi, i ?pe %n £ émeglf git (E?ISI prfszg % e critical dimensions of the
transistor eispac 100vead ps@cts prooss ghmgins. Fao exapknpleesseoiabdigasienty thd transistor
100 is tﬂé &glﬂél' 1%th,o§ t iﬂqaéufeaﬂs {hg' h&ﬁor&g thérﬁmh Q? thE Igﬁ‘agﬂe@r fgioﬁ I’i% I;!vherem the

. ori zontal extension o
channel éﬂﬁ\g{h lx'sequbsltaégq%é rﬁletirggaed \th gl‘e dimgnsiqneof élﬁ&qtﬁ & ectfog?] éﬁShsn}ceS the gate electrode
105, poﬁlﬂﬂ?&t @hibingtloh Witk etyetdai-ephcry, siches #Hé s 107) ikedtdaen @@Taﬁatlon mask
during tﬁe fgr%l%{ﬁgx%?ml Qrémséulld’]s%ﬁrcg 1'% elong %43 A%l ﬁ&calr cﬁrge%m%l% of ad%%n%g’d trafl%stor elements
spacers, sucC
are pressa@a glapmgoxjipaely pnny @é@veaéesa ﬁnY fhﬁﬂlleamtv?aw irenireeite neterinpRge of integrated

circuits &dms glext réﬂ&ﬂ ﬁﬁide@fmgt daebidiea bﬁceandchﬁiqw@ 61 ih @@Je@ﬁﬁg ﬂe@ﬂproo&s techniques

vanced .t ransi St
and procerss tool es%eﬁqeftlve é)tf %1ae af)tfl%lxda me fquS ) thaxrnﬁlséorr] egvlén {)T‘g 'r?asm operations

scheme gprpy fo{ilgw&t H?smn@ protptiess e jdryinand mp regiopselOft arervarmedtedgd respectwe voltages,
such as |gﬁﬁr§l%@ts@91y Ghlkagdivbs, @E&e@ﬁ 1 8 n0% 8&lm& th me charﬁn@%agh I18¥is slightly P-

lis r0Cess ues and i n deve
doped 55t b PR L AR GRBGE P OAPE T gL ORT Ayt o e
region 10ig captctrd to gipume gl volh guolfe r¢flyeed ta @ figisstr@regiineayemnthoudl) @y principle, the

transistdr l&l’@l’ut@@&& GhoQP ﬁlrlﬁé\ll‘qu% s%ln%l{hﬁesﬁ&t tfo‘&le r&%s I(QU E—Iler{&g the region 104 on
operation, the drain and source regions 104 are

the sighilgpdey Gielse Pe‘é%‘?é&ﬂﬂ Perelprdtiagele drap egions Mgrah fregngfalline region
102 is aolpphegied @l o s@@ﬁie&/@@;ntlkﬂhﬂ’ﬁ@l iy bt glosdiporntatsid BB chottdged refedie to in the
followin% Q@Qg& dexre 9; %ﬂa%g g}ltﬂ ésp%{l t(gtlﬂé %rx g)glgﬁgl &g;%lgg %Vthedgys{aﬁﬁe region 102

lona anng ancene transi st
and the pcturcp &gy I1Q4h %lt@g@u\ﬁg@e £raled ttchtée pasr etlec?r(éj@ ilehor ot alnggatlve voltage, the
conductRRNEEE @enbire@fnO108 tenBiel citfeinély 1dMSind3@t Te@f @ PRGuikc@nd®m the channel

region 1%5] % the. u rmcr%glr & |4ci)sr}1‘1ve el?f Q1ase£anld %QL}I a nT._%h {)lle gﬁ: | l;%l' &‘milgorr]i?y charge carriers is
Fansi storoarchitect

present @)ﬂm@nfl‘?l eegwrl 193 ripgpizerpasingthe Héfageégﬁpéf’f‘sto ]1(943"6 M@@ 10, fthe number of
mlnomt}r cﬁ@g%rré@“t eQ 516&113& 1) kl@laﬁmmﬁgo§l(ﬁ @hay Beﬂﬁé}%dﬁde &@ca}/z@@ve couphng of

the gate Cpo ent%agfol t:;leh %ha GFI‘C%I n l(g%z but w1tgor 81g18%0ﬁr|;icg/ 1{1%66181{1%[}15?\{2& c(’)nduct1v1ty of the
channel sqg@ellﬁii etthpBi smtloa fis, stlll\mt e¥Hfiveyly bevayd-biemd Prondnthprahcreasigh the gate

voltage, Qﬁlayché(rfﬁleltc@ﬂﬁghvft? BIREJHS Gholethed, Bs fhb GudiRt J)%&gy &afse camers is increased to
onsi d er ed as vol

a es
remove W6 PREfAT érlge Yepp e g‘ g‘t?“‘lnh@ergary %‘f”g‘ %faﬂ%g ﬁh"egﬁg 8'%“‘?3620 g glectrons may
flow frotuhiee ool regor te thie drainkr@don. Whd da@ubltage wy}htcag@ alsrugp jpbridextivityahange of the
channel treﬁi%n Q@to%cu‘?é 1?1%&&9&1@ as]t{ﬁ"ésh% vé’l‘ﬂaéehna negative vol tage, the

conductivity he channel qlon 103 remains
Jk&ufee%ﬂ‘yllt%wy IE?SH%%* the b‘?hé‘é‘éft of tthrademice i1 0th #hnoHPPing 2k &-channel
enhance@l@ adstor. ETHe @ite 16HBeet WG Is pRttadirod it hb&@ht@]ﬂaxfh Owhilke $he vertical axis represents

the currénp Yh%{ 8 ?xy XIe%o%Zﬁ(gm nfgom tﬂé s\éurge pg g‘! tb E'Lt mag %Eonpr% the (.‘I’lﬂ.nflel region 103, It

rrers
should ?Ee@mﬁatict)@lat b diin, W?néé@ﬂielvﬂg OPH‘@ @@llqda@léagsl}fﬂﬂ F“é‘dﬂ“t gpecifics of the
transistdr M. gsatale/ 8k, eﬁetcrr@d@rr&@ Shay febyeseﬁtumﬁmav@f ofMhetB4rind1 YordAYigL which may

be control?ed rb% éate %o(lzt? as edn Eartlcu{ ﬁlé%lﬁnggga{x Ie &tégc%ﬂ%%x%}‘zcggdggtgfft%sgge are defined
by the tlg%ih@dm@ﬁ’tﬂ al to the channel region 103, but w thout

SFl@FH e 's@h@x’ﬂ&tchly' RS QRYelDiot dF %ettl‘aﬁs%kor Ql@tﬁQlU €dol le'eﬁ ?(roxcféed il\8e form of
on 103 N upnction i s stil

an N“Ch%%;}??i‘it‘é‘?w?*} SOt Cn e ‘Eﬁ %@P@ﬂ regtﬁﬁé?? 1 tHebthdY-aqprtt 1B 4i5ic35g the majority
charge cufniers (peb@onw)@kdvialg € cdntiesticiyafihethamelveliat 103 for y zeadgatepbitage, and even for
i ncreases, as the nunber ggzg@ jpority charge carriers
IS |ncreased to renove t]i; space charge area in the PN
junction, thereby forward-biasing the PN junction so
that electrons may flow fromthe source region to the
drain regqi on. The gate voltage at \Nhl ch the abr upt

o o a1 A NN o
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Figure Ic schematically shows the behavior of the

transi stor el enent 100 when provided in the formof an
wok@barxeed depletion transistor, i.e., when theCTDOS20&015294

regi on 103 is slightly I\I-doped In this case, the

e R R TIPS —
carriers tocﬁlsitauglean iavedely bigsed PYencimghtreby ebgptlyalewrakib@ie chavel @sdictivity. The

thresholll b&ta@eeg’ﬁﬁé sﬂi@(ecgt%tn@gf:&ﬁ;é| éa@:%ltégt% in 'tﬁcefN Qfaﬁlglt cle}ﬁetliynggns'is%r when compared
reate sufficient mnorltyc ar ge carriers

with theé%‘iaﬁlﬁrl? £ & Nephanog] gehpecement Brisigied PN j unct i on, t her eby
dbshoptti| by e rieasi sigild hehaeiha Bnekained et thastiel Ynhatbh@ent and depletion
transwtotrJ' G/ﬁégxp Ihgwe\(/gfl tﬁ@&gnnvl;ohcﬁ).c thfgq f&r%egamagg{e Vit ge% g\%abruptly decreases

%§§ In i N- channe etion transi ot
at the retpsﬁ*ﬁa gholdivekpsestidth B Srtheni %rea%rfg g Eoge hannel

anhaB Geestt fidd erst SdnSiktors,| ducts howé Gal3Rtop eteﬁan t1b@tmde complex circuit
compon@ntsgxliegeplcljgi?%}% #()rtOl%séalr}]lSei Sbrgé%l eﬂe\?\fﬁg‘e @éher?on%ﬂo? 1sters s% ﬁgﬁr{eal%om access
memory |t delamis FH ceregint gn jnepotiing Ppmpevenh@fgcamplv?e loglat06°ultrles For example,

during tﬂ@éﬂeﬁﬂ&ﬁof kbl kUPUFHo}e}/ adﬁgd' ﬁﬂ)‘ﬁﬁ%f dta the lfeQ&ﬂ%Fa}llst%red and retrieved,

wherein %1—: toge zgmg @]ee% alécp glg Scla%amgf o% hgl g)?agﬁg felgglg&%e ?%rlﬁg Ig.%t_[ olrnguence the overall

performange hf fa@ Cflﬁe Depeading] ot thy merhasyrhipsareliyOBed Mroemmgsmgtegxtec’l circuit, different

types of(iﬁeﬂrfbw dienRRIROBRAT ﬁorrﬁman&erega&a;n@ Grati 1AM AR bR MRoally used in the CPU
e elements in_ t ormof registers, static RAM

core au’p F5f e ML e Whﬁfi}ﬂanawwwﬂmts&rmﬁrf ety menory de

to the incraped Hitgdetsite ampanen teg@lersoonpl @AM @, dygitallg,wi dytiamdsR ANFogll comprises

a storag@ &@M&%nd géfﬁg'ler}&nstlslib‘? v@n@x@ﬁlaﬁolwg\rér 9 OI&QMe%ryQPUagQHEH@ %stﬁﬂ is required

ge anount of data has be tenporarily stored
to perloilléatlly fegesé (She ckﬁﬁgf&s@{eﬁ mttFFestoe)aéféi:aa:icilt?f@ W%g@ay (ﬁ]ilfﬁWlfq-Pé lost due to unavoidable
leakage capaGi t Althoightthebis takigge B ANTRIELGs Slagbe kiteably yeh, a charge has to be

transferﬂlggtcrhrﬂ g{llc{: & slol%ge %é&:{tgjs kn &%E&Q{om gen%glc dp@%sh%ﬁfsjes therrbg Xrendering these

lerarc use
devices ieﬁﬁeéf‘@rea&nétﬁn@waf wefdtand léﬂ“F’f rERIptiop yawsonparsdinitiy {Og the other
hand, st@ic R ANS&Us recﬁﬁé a plaxsmta BGRnsidide PeBdnBliSalidR @hesﬁoﬁgd dIf aIRAMhmbA sit.

afr u%lre Ml%ch%%anchlg slslc%ws a spetcth o?ii S%E’:H R%%)I’ llq%ﬁﬁa c?nﬁ urat%on as m@/ typically be

used in plp@em&grptyd ety Zhe wHrRY ngprt@mza Imy caljuid0 fgludings for instersadee inversely
coupledblhv‘ért&lﬁﬂs | e HHQBIP M08 5hytHe cénB@itable & SbiOline 31 Bdnll G BAMeREbit Bne 113 (ot

S N T T p—

as well @GIFPQHELX trzmgptme}mmgﬂ Hgehtmay by Stngadof wansigepglemens, tuph as the transistor 100

shown iR Bleh@ 94, G} éﬁmmﬂ@ faeesndhe 1 GhaELe co%rpﬁge%oﬁ]}slmﬁéaﬁry%p bR Ssistors 100,
capacitors erwi se be | ost due t

that is, ﬂﬁ&@?@&ﬁnﬁaﬂf%ﬁwé@@%ﬁﬁ fre e ﬁ&“?‘rF&E?@‘FF“Fﬂé“Bﬁ‘SPrd%‘WEF {y/shown in
Figure Of DiRAldedby isd@s trampiyiohdlenits reAElly mfay G consprisddart gBcha@s! ¢nbancement
transm};)selobr ansferred fromand to storage capacitors in

onpi nation with periodic refresh pul ses, thereb

y
r%ﬁla% PREFROT 4 R A k0, thegitseolhl 0 qyebi  prpgiarpraqdihy prp-charging the bit
lines 118 A FotdxenfdOWE 1ogio Rk ARt 1|ogm zéid) @RpLBRPAInE By taalvsctngttnecselect line 116,

thereby ¢ R'%n?cﬁng t}m Sl%n C . % fonmth(%heq)?t lmes ? 113St13?ger feactw M}In%%e fezec{ 1%d IIIi()r fie state of

transi stor enmen
the bit cg}f blroagleavewneérqs long wrthpestnbivolitee is cRinggvdeo thel callcAR peas fop by anew write

cycle is §$}Q>‘ﬁﬁeda THRkeCIR 119 bit BelISill RnbyCheRANvERy! forl XBmp1#) bAnging the bit lines 112, 113

conf | an as t.ypj.c y be used in nodern
ina high W%é& tgt i rtt’:vatimtggl.ye Sﬁl%cgfllfg:l% 150 conprises a bit cell
1&808 evidoht i nrigguref 19r highnptrating epeedswe arlnevebls eiththe@ll phledhe to the absence

of storaéeméﬁkift&sr Sndhlsihn hﬁaﬁnﬁhéem%ﬁ hd reé'dil;ag aﬁ‘ﬂa\ynt{ﬁ? i BN RGCH AR p?ov&d@d since any
ine 11 an to an I nverse | ne

synchrogmmiﬂﬁefﬁslb sgs 1F am)t nwszfrés%t&? ?tlgﬁéhag@qaéleztst sllxrlgchxgélga{ t81|ns15tor elements
100 areab@irenfos stdring ,an IdfGrmatidaeitb ihtrelyededdedribQhe drblitbenirs pf thki€ell 150 less space
inverters 111, as well aﬁ%%ygfgelect transi stor
el ements 114, 115, nmay be“forned of transistor
el enents, such as the transistor 100 shown in Figure
la. For exanple the inverters 111 may each conprise a
conplenentary palr of tran3|stors 100 that I's, one

o oy " o s o,
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in a high inpedance state and activating the sel ect

line 116. As is evident fromFigure Id, high operating
wWGepwerds29e¥ € achi evable with the cell 150 due tPBCT/H82005/015294

absence of storage capacitors, and a sinplified

n r adj d wLiting the bit ce
efﬁ“e‘“g?%v. ded’ ent y}f E%nchf’ GBS X% SPegi P 1 ltr%?st%%relltl?n fggpeed and
perfonnﬁ@ewoltﬂeme@essary On the other hand, at |east six

Im diewoﬁmabmtmwneﬁeg aboeé %rf{?emeﬁstg- @)Q ameme&%tlte%hft&aue that enables
an_information Dbi t ereby rendering the

the f"m’é?‘ﬁ‘rﬁf ft‘g‘ﬁgeﬁteﬁ‘e‘osfm f frere rarq © LU spaceeffi ci ent.
Hence, frequent!|y MSCL@IIRDOF INEBNTION0e made with
I @(ﬁlﬁ&/mé Qrthtg gﬁ g‘lﬁ’fe& Q{Jnﬁrﬁryr & Ith@ttﬂvgr&o% & oﬁc@?t% ?ro@{ag a basic understanding
© perfornmance re renents. ‘In view of the problens
of somejagperit ¢ifhedwyentigh \c}%ns SHIEEY NP SPaISE OV fsiedistfiopel) jsagt intended
to identidlf Ikt iot @1ititdl ElemdnR@F the Medati@sor tddlifeak MR stcpiloflie ifteioA] Bs sole purpose is

to prese%légr%\ﬁj. %ﬁa' nRtrle o%ig%sc Sor %]; E’Ir 6822%{6 H‘%z{lj‘lnt? 5es<]'r1ip¢ton &@Hscussed later.
Semerally thef presps ltwqt/temlt ditected tp radfe?hntq@ﬁ ph@tomahles the [ergiptéon of circuit

componbﬂﬂﬁxﬁﬂﬁﬁ@nﬂhsﬁbg)r Q@m&@ rﬁﬁa ﬁ&@ %ﬁt:esefﬁlfient lhﬁmérméﬁ{diallﬁtﬂ statid Yhénory devices,

in that t&eﬁéﬁ nXhtﬁ of a] ans;s%r el%r{len ) ?xgeﬁéeg ag i{xgtra\ggg 119%0 yIVC sltate may be obtained.
chdceriliogio oa¢ nstraiivs emodintsat of Hhe ewtsqnonveomont @sedlebmdn@atdemetvempnses a

drain reSi60 BEmdAfin b Et@,sttxmmeywsfanne bebiRoRRLE: UGROSE dbRd bwith RERSER of dopant
lified formas a prelude to

SONEe conc e ..
matrial QOB o HESEY BT AN BREE ‘PUCH RS Ao BFion frmed in the
substani@in g[yazﬂ]lny sen[utpedqgtoe@gmal whigle intdben wiith thd ifirseiypeed dbp@ntanaterial to provide

the ﬁrst't:@rﬁtﬂt‘h% et R%st a{lﬁﬁi r@%orﬁ 1pf3caftegrbg@tén% dgtﬁn rgéﬂncaﬂ& Ihe source region and is
npaonen i.nc % ransi stor el ements in

doped vgtb gteéirséfype (Ef |d@3ﬁ?t nﬁzﬁﬁ é}prov&rﬁ@é}rs& Fcrnguctvﬁttyéingt Fte’thi:fg]ﬁﬁraysecond channel

region igl Bvit@lgstwetnnthd hidih reploe addulCdoinonabibd yhdafija@nitto & Sikss ti@fnel region and is

doped v@thear@gynd It}%% gix&ogﬁlg ﬁlgte%ﬂ) to A{Q@Jlde%\ s%@dnﬁ c@d@cﬁh%qug ldﬁ‘}etsvﬁm the first

°°ndu°tefﬁwat . beaiqdiretrqse éé‘éﬁ?dtPﬁ‘tPé‘ﬁF?nﬁhl of ghe %W@ﬁ?ﬁ@@@tfm@l regions.
de\ec@laficd Nfaihi S6tBer alldtraive chB@lint Bioth'@d:sdnﬂ in@ention, a transxstor element

compris§ bd?aan Ve\:%l:g.n}aﬁ‘ N c%.%cc r 1Sort1 %‘n& a cﬂan]pe g%llo% OV{/ Ctto rme(rITF ttvveen %e dral.n degton and the

source ragufni and whiglpig gqg@gqr@, te 9ef 1193 deast ‘ﬂf@t t@@g}qo@é)f { fipst ah@tpt conduct1v1ty change and
a secon@ mfmrotds&s s@orﬂ@%ﬁ%oxfd&@ﬂv@fbhﬁ@é BEde élﬁmish@glélu bigé amsﬂstaﬂ ditent further

compnses %%teﬂ%ctro? tlbaS %sqg%cgtg)({] to 81}& 18 8%%?] to?%;g%f,n}e rregufnl'l)y 6?%1%1 np éOt%pHrég
qucsﬂmemwetmhevillvsyauVy peboditvefiof e protvatrimettion.agiagnRAM cell comprises a

select tﬂaﬂ%ﬁ@ﬁ" %Qi Qﬁﬁfﬁﬁxﬁﬁont J’t@ag@ leRbhBnt c6iple@No A delbcdd GardRMY, GRerkif FheOBformation
the first type of dopant material to

storage gFIB‘W ‘B‘é gléss foep ét‘r BERRGEPPSty type. Furthermore, a
seconidg vhtlhmetherribgiraive dndodinea bitbe retmbeentibl @ staiccR AM cell comprises
a tranmgt@rgél%ntaﬁh%nﬁ Iaegat%%%t&%e rae@alg r}engd?lda%%@ecl‘ggon t'au(x)d LIE fnrtél reﬁon that is

channel gl on and oped a second qﬂg
clectricalfy ﬁ%mtcteﬁ&tf fhp gt fﬂ%“‘b’? owﬁevea e éteemﬂr UprgLiE torigursf tq spjfias the gate
electrodt Roatiainitirf thedhsnnélir@iontihestahibiagiconmattiadte.vi ty type.

Fi . nabl e

é&!?&h&xﬁ’ %o y@t agaﬁe§ Lsngg%e r?gxg(%l']dé%}] efﬁﬁeap t%gn(t) %‘g""‘% 1, a gt%técg&g\g ﬁégl comprises
two or lggp FWS@%@@W‘S i I I ustrative enmbodi nent of t he present

invention, a (BRAPBDESCKIPFIGVIBRITHINIBAWERSs a drain

ﬁx% ger:ﬁlt%gn %u \r,\;cg,rﬁ{oocﬂg I}'érglll%g %r egf:c:):l oﬁzﬂ%?@c{i;ﬁ%ﬁ tgagea F%V\ég)hjﬁllt]ction with the
accomptrrerglg énqwagﬁdm\mhwb hkeireferenym fingpratsadentify likkedlaments, atd ih ghist: a

frig8d 120688080 GhoRE a Brodslsbofibna PR ¢ Je,gtt@st%ﬂttstat Nl & GRAWGnsistor;

and a second threshold of a second abrupt conductivity

change of the channel region. The transistor el enment

further conprises a gate electrode that is |located to

enabl e control of the chanpgl.,region by capacitive

coupling. According to yeg another illustrative

embodi nent of the present invention, a static RAM cel

conprises a select transistor and an information

storage eIenent coupled to the select tranS|stor

o, o o o oy o
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two or less transistor elenents. BRI EF DESCRI PTI ON OF
THE DRAW NGS The i nvention may be understood by
WO edoenzasce to the follow ng description taken PEI/US2005/015294
conj uncti on wth the acconpanyi ng draw ngs, in which
rrera i den ‘St/s gfh‘lil ke el ements, and in

1rb (f? rence n
ht® Ff Jipre fod Akt 105 RECHEPHES the Jety Fgs e the
progression @fthe fhagnet gopdwiahty,ozemsemapmﬁagaté vobheel f@fah Mehannel enhancement transistor

and for %W&éﬁéi&%letﬁhg%sﬁt& Qsﬁagelgl gure Ic schemticall y ShOW
| ots of gro réssion of the drain current, i i
I%@Iep‘fi SRy iy aciaitdhginer 2 BBk GeTvERPra) s statvéﬁ*%%e lincluding at

least six tirfdvidaglphis@thr gabedtsy ol t age for an N-channel enhancenent

:nggf%:&cf Ig(%lérfla% fs?lowsan ca‘cu t ?} %% og eap%toqgglgoe entle;‘ltan {i‘gu a ’self-biasing
senﬂconéﬁcgg flexiee @raccar‘wp wlaﬂlus@etw enkadaea o%tbeamserxt mml@ml |

iFibGtel28 lsa@matcaﬂy&a(sﬁs aslhéhtaluﬂ’éjﬁléﬂodﬂi@- brofe3108 bﬁé Dfinn8 BB By versus an
applied C{)Igl'o{ %ol% zo rré)ﬁtnat g b eﬁlg Q%lvo\gaéf fcg%iﬁc 1§{t}; tatlg :%Og@%%g% c %10 }llustrative
embodll@l@wf@@meﬁpnalemh@ance with illustrative enbodi nents of

tHRreP BE SR dcﬁk\&ﬁfﬁaﬂ;ﬁ)ﬂmw Rl e iosd vRGH %ﬁa&nglgél éleyneﬁtb QUh Hving two

ressi on o

aljtative 0 cha
vl iR 1 % 20 Sl SR PG pshenne st
respectiGht @barding 1 erficubr enshedimedtadfitte pesept ice@ntdhnct i vity state

q@g@lﬁ;rﬂl s%mgﬁalmuﬁsltrlltyssat &1‘3&1{ Migr%?qls%ﬂhed%odglr@ anglﬁ)séeenﬂLnnel field

i nvention; Figures 3a and 3b schematically show
offect rnpigirdn acgeeiangislfh RS EEe Broodipenigt e siesea) iBfites, each

Prépuiersgl sthamaticaliseithaedias adtpetla chhaanehdur®gl 6 Sach of thato channels in the
double Nrh ARG SQBPIEI'ﬁun%P@e'a@a@ImJ ransistor and a P-type double

annel transi st or, respectively, according to

ﬁa%uteu Feuschymaiisallp o it ot gpaliigiigelp illvseripe the e pusisats, ie., the channel
conductivitg df e JoulSC BRARL tranaibtbly with kogstt Bt £ Saridtiddl JTGhH fatdd b@igdedd¥ording to
1llustrat1tl ({mbg 1rsﬁl I i fied nodel of a doubl e-channel field

ef % t'ransistor in accordance with illustrative ‘

eveyescienshrmsticshly shews pcaai rfagiamvelint $tasinRAPBI gelk énclyding a double chanvel
trans1st0‘45 Gl"h@(fmiahdé &lith ¥ phrtidulaS Efitati@Sntar @b Pese@finvdnteRaMB@I the RAM cell comprises
vt Lg 1V|tsyfor each of the two channels in the
oy Woalranfﬂoreeﬁ‘a hel transistor in a sinplified fashion;

Fiigyter & Bberptitpdrshore al diyuitsdieanen af plRedM qulladnglodiig I@elﬂyan six transistor

elementd th Ia&smﬂaé Wit ftul&%r ﬂﬁsaatﬁe ewoaﬁiaﬁts i-e-, t he channel
?F ;% V|t he doubl e chan ansi stor wt

P oS e SOLFPRYE FOEb btfgvo imveraly
doped cliagnel tehluxstapcatdungw @pilloghiatie pinbqdivkengerde 4a schematical |y
%%W% ?ch&heﬁlgéﬂ&/tshcgds %%(ﬁmegtfonﬁ v?btwa&{ actrﬁé‘M)rCe@énlem 3vmg inversely doped

ncl udj ng doubl e channel transistor i n accordance
channel \f/ﬁg’t"PF ‘é{hlﬁafrl%oldtffif i3 pt leaphoB et msistial Grmropiionspd EisHel si#yent i on,

Whigike @ietinvietiton BAMcepablt toCafigal mSdficatidts yind Atk @foshsSpedific embodiments
thereof g Q%Q %nlﬁi\x?x bg%wf é}(Q li?lg PlﬁtE%&r%j\:an% a}{d §1Jg% in %esgx!ibre& i c}etail 1t should be
understomi é}ﬁ‘gffvslt Bt thsy c@wemog hqrein efcessifg aﬁh@mw 3 nat lﬁtarrdﬁch@ imnit the invention to
the partlkzlllelutf&in& aIsI:WSEd Q)Umciher@ﬁﬁary, ke gﬂi&ﬁoﬁls %M&&lun@aif Ee}ﬁoz&h&fﬂﬁalents, and

ectional , vi ew, SI.st or
alternahﬁes (t:alhné w1t§m ghe S 1r1t and ﬁC(})})e 8f tge 1avenhon as d fjileaﬂ) Ith(e):n acg:% c(:)el?lgiis ng

to one | I I UMQQH(S)\@WM@UTQ‘M INVQNITE)PB

sEReARS %@&hlh?én@ M@n@mgﬁ 02 eseeli bARA! In Ve eMEQE of%lanty, not all features
nSI Stor.ele

aving i nyer.sel d channel
ot an ol PR RRgeR off Sl e o | % adl Diaope RRparry s in e
developmenob gist fudnacuati et tierniahunstona inplenidthtiog-spebific idevisend inod be made to
achieve 'th% d%ﬁﬁ&ptsf)e@f i g&ag et ésQUﬁplﬂch 'v&fﬂh gﬁte&nqgl%e@%q business- related constraints,

alternative forms, specific enbod nents thereof have
which wilbyary &4 6 IBQIGWUWO 8308158 | Morpayery 1 &ilkfeppteripicd dhstisugly sdevelopment
herein described in detail. It should be understood,
however, that the descrlptlgqnpereln of specific
enbodlnents is not intendfd’fo'linmt the invention to
the particular forms disclosed, but on the contrary,
the intention is to cover all nodifications,
eqU|vaIents and alternatlves falllng mnthln the

o o a1 '
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MODE(S) FOR CARRYI NG OUT THE I NVENTION || lustrative
enbodi nents of the invention are described below In

wo bmeiozoes est of clarity, not all features of BCT/EHS1008015294
[ npl emantati on are descri bed i n thi s specification. It

effort mi l Le co %}2 Ilflz]nrlg ? becingtp > Ita%&)ﬁ netlg]eune s% B(gslz;] Ff‘ou 11?6\/1%1' S ing 1'for those of

ordinaryj Shlﬁiluethqeﬂtlatm@he pei pfthisdisteirsi ons nust be made to

al@l@ bl%ééﬁt Jﬂlaﬁlog %@L%'ﬁ%scn&@%h f&&en&o@lﬂﬁ’aﬂéﬂéat}' g@t%s Various structures,
| iance with systemrelated and busi ness-rel ated
systems 8‘6{1@ @

viFs ﬁﬁf@emetmwewtﬂ in {hey PRFVRESHR RITRESSF MSTRlpratiufly gpl so as to not
obscure tti@ @eset: ientioMviite duteils, that tre Wiell [kndyer @pipsediilatl édtht hat Nevietheless, the
attached%réé&té? LrQ H]gﬁﬁgd% &egcrntoe g}%}) Cjnrhﬁusﬁgﬁqp L}ﬁﬁlpl \%the gresent mventlon The words

t1 ne-consum n u nevert ess
and phrasaesed Baesiny @h@grbetuﬁ%@%ﬁndotﬂstpw&wo B |2 mgaping ?%Sl%i‘?nf Wit the uader-
standingfbﬁ\hiosfé@yof& @nchﬁﬁt@afs bif th&fe sltilieid $n th ﬁl@taﬁt_seﬂr Blo spebigl dpfirftsoR 10f a term or phrase,
ie,a déﬁg%iglp%!ltgy?&%rént from € ordm &3 Cc[ u?tgrg mteg}lm%eaag 1? rdeezrgt(o:(?d bt ghotsehs?dlled in the
~ attachec g ariots Structures, stens an
art, is infpadefl godbs itaplie b;cq?eqaeéﬂnt ysege ol thefieri @& plrese ﬂlﬁeltl hB) ta«r exieniribps a fepp or phrase
is mtendetu fohe%QSpohi rﬁéﬁﬁhg’i natd rﬁb@mﬂ};rﬂtﬁér B00haS @ndér%to&fby@@tledcahﬁéﬁbl rs@ch a special

deﬁmnotn wel% ﬁ eé(%ress{g s?t nt %1 ts;he%z 1% ({n n Ng%fj it r aIP gr tﬁatt \é%ectly ang unequivocally
providesgthe meckﬂéébﬁdltlav\iontgstemce rirpsel uded to desc ri be and expl ai n

|(§e|nétl§ﬁyr @b 'pl\ééaen@ﬂi@eﬁpdn3§ bffa duhRe &)El&ﬁtetﬁit thelbHERE dr@lﬂectu;-eh@ a plurahty of

o B8 ShgEL B net P b S0 B v s AT
that oneJ nd epre shaahriags of at aosendwtnr dgitdneenmnt ase e mpdifibb eobtain extended

functloréllftt' | kne[glrticﬁlalt ﬁ]l@ nfv@rlt&y éﬁtemﬂgtted to I}povﬁig ect%l:l?inasqgfslerﬂk&nh&%r 9‘;/1tch which
ermor phrase, i.e definitiont ferent

may beghagshiy Raticyar pR2ACmeRM 4f %@f@éﬁ%we%m ﬁ é’lelaseffem afétsset% gegien with a
modlﬁecbglhaﬁﬂans%ﬁors hdrdiedconductihRatatadnge ihiBatddnis endailed 0 1dag ad thskppBvoltage is
applied, blﬁlesg Q Ql’?ah to? Q(ﬁdtﬂ:ﬁ@g/%tagfls eg(tl'ell%al qﬂlﬁate%r IrHDJE %84'11{1351@{1911% &aner count of

ase Is 1nten
1nd1v1du§]ﬁé/6?haqlerq¢?§tém %s@attc RAM cell Qa}hligaifﬁstﬁgllyotp%qd AR %ﬂnventlonal RAM cell
designs bHUCHEy B& m@dhabylxstkdrébly ©hbiad e SAatioBAEA RorP @&ioal with a bit density that is

IR,R? ressly set forth in the
compara%%wﬂthlajéogtg "6 i n deafe?. nitional manner that directly

a*"rquﬁq eﬁlarmtlé@alswvs B it diagsan ¢fa bagretitigRAMetl 30 cpmpisipgy bit cell 210
for stonhfbﬁa BN bitP ThS el fﬁnﬁfoﬁ}héd){e a tet&as tRERER DL, WAMER EuhDiB connected to

a bit line ?12 émds B recg Irllme: ﬂg '?I?e bbt %Ql CZlélS ?ctéﬂ)tnfe %emgcﬁlidua%r egeg%rs %}Ic ugfng a channel
region 2§ thﬂélg icetfigwred tOSJlﬂa’tdﬁ e cngnilﬁby ce@lﬂ«ttls'lty, ahefein heate ickerodan@dy is provided,

which epaglesc'ﬂthUn{rél%@tﬂ& J:h)ﬁnn%f @&n‘ 263 & cabeﬂ;ttfvg @Jﬁplﬁlg ?Mﬁlremfép b edback section 208 is
wtich el e

ar act er, | uct or
orovidef 4T P L 5 et CRMEL FEE MR AT oL i o the e, o
connect i@ cbanglifegion 2@ vin an nwpi teowigal 2@ M viginht getetbottade PISOVirtherm@re, the channel
region 2§§Jn£y &IC%EM o ?%&ﬁ%ﬁ QM&%e%Bura%V\éuglgg the%”r&lgum% l?n% s&bﬁﬁf%gltage VDD,

par i cul ar nbodi nen pr esent I nventl on
by a resgecpfecpugPIiSt 2 R ool 21§ peghiediidrhehaharaa s apalipation of a specificd
control ediagenethe g;&«géléﬁ&pdewlhﬁ g cﬂndﬁctﬁﬁmd’llﬂ&tchzm&el Ségﬂ)h Q03 @tﬁti‘ges from a moderately

high 1m|p£Hche asf f(rj\to oriltn%ldfg' %%%h SR I VI fb %u%ame gven after

e SS a C con
mteﬂup@eéttbﬁrlﬂlatllcyntmhwttﬁ@t wgthe fe?fibtqk e tighedps- Ea Phis eady [thgsprgicongipstor device 210

exhibitsRUPAIBIE] KBMMr with rdsgreh thsi b&hucﬁwytof: {he a{a@fm@g@n 309 irfrelBficAtid Ge applied
reduced

St
control \%ﬁ e(‘\?cl[ ?né:gR% dm@i@ (é.\ﬁtéve gtﬁta aﬁﬂvy P{?ex‘)l%tgeg thlﬁq éﬁerence to Figure
2b. SI X, thereby enabling the fabrication of fast storage

%%k@ﬁ%uﬂttﬁtbelﬁde@drﬁaes%ﬁatn& & %tblt Icé‘\ll ﬁ@ RRAt sl \99 {hp above—descrlbed
t hat _of gee/n% th RAM devi c 2a schemti cal
u

configuiaigg Jn A1 °H}d5°g§lt"§rﬁf dte Célafwalsfie%f”s%o&tlt plotig ofoag fhe Vz@efﬂ axis in
arbitraryCuiitiani gie agntral Woltdge ¥&lshppReiQo thogatesdicotdda @05afnshbwd @ thetotiatal axis. The
bit. The bit cell 210 isméggahgd to a sel ect
transi stor 214, which in turnis connected to a bit
line 212 and a select line 216. The bit cell 210 is
conpri sed of a sem conductor elenent including a
channel reglon 203 that |s conflgured to prOV|de a

ey o o . o .
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hi gh i npedance state into a state of noderately high
conductivity, which my be maintai ned, even after
WO nioen229p3 i ng the initial control voltage, viaP€mEs2005/015294
f eedback section 208. To this end, the seniconductor
. device.2 exhi bit speci fi ed i,or Wwth res
semicorfie EEE AU RPTRED B B RS TP GHIAB0T] ek oy bo se by
structurgl glegtiesony wilbbetdowribed il inerel deadintith odferenot o&igperel/E, 8tn 6 end ) the conductivity
of the cﬁ!a%ye'l 1%50122“0@ slﬁo%vs Ia Brohthﬁceﬁ QE}Q;H Cllah Féé%r,siﬁ ﬁa}&ulalae%abg\ﬁlﬁléntsgglocal maxinum in

| ai ned reference to . ur e
such a Wé‘raf Yitht 1 %‘W nerEse P hpconiq éOIB%fhg‘éQ Pighe Bt *‘ﬂq‘i‘é"dﬁ P95 gigujficant drop in
conductRity) ist db@atned. SInothe Airthedielyiptiohcit Ssbesemed @aCthe beldige VDD is higher than the
thresholﬁ Qgifaée% Q-fehq%naftexl ag%lﬁhtg)ﬂr Fan%ngtlaé ECQ\F lgglﬁ?ﬁﬁtekc\ééstohhg {h:egﬁgﬁ voltage VT,

regi o e vertica
the chaqnﬁ r%ﬁfOB P??waw htﬂWtcgndaWde ti¥iesodishihe ﬁﬂpp Y ¥1lipgrg PR /Asmete s lepseio present
at the oﬁtﬁht Edﬂﬁa@ﬁsﬁﬁh@feéﬂbkeﬂ(@&ﬁom5 ak fhe m\ﬁfdtr@ﬁ 20N ahkEved gt éﬁlcontmumg an
initial c?rh Its‘volt%;tc] Ziscg)rpr) esg on?lglg {) rer1g§\” i v1a etclglndélg Onf}ll \%?165 ree%m? H& %xe feedback
section Q@& tolr_ﬁ)e gdtq ¢lectrpdead 05 rakesaiy @gel%sgabwzmg c@éltlgpe gscqs‘qalﬂghpdi ﬁnce the channel

conductWEj; RorelBdsat Jhe ‘Mltﬁib o f §z&§§]&:@ode Q0F kAN foRiScrfe dud diRorfiRElndine initially
V|t

supphe& cog gvoﬁt(%%ed)u %?Va totxigé%e ar;%eelﬁ:arbxgqfa?%gu%o the e\l\%onsequently, due to
the abmerm@@serré the sondactivigscwith dmasmm maliagy a6 the batgelwarydetzhadt Wik thi vatage drop
across tilé’l Eﬂaﬁlﬁf reéﬂrp Q@,’d@ @edQJed taﬂ?clﬁx%@ trgqglredvé?lﬂtea@% Mgt 2¢)fh§>r gﬁfn@nmng the

{ ode 205 a sj.gnificant in conductivity is

conductmiif & e ahamiehreﬁlﬂ%z% 1St ARTsipRbS E’PIF‘ 1 (BHCLY jpainfaing Rt voltage VG
above o tathe thiveholdolottag & TVDD 4 ssulll gheondshendichie staker @ Slivadhghnel region 203 is
achieved erdtnﬁg @e Mnt%lk@qg ﬁmg ?sftﬂeesﬁpp%p\mté %quprgﬁdeﬂn Tiup tcrité @ 11 hereinafter also

control voltage In excess of ®he threshol d vo tage VT,
be referfef) fo ag s5lfrhisend stpls gf Brbirg210s j n a hi ghly conductive state
SApatnh@irridgheFigutp P, Yurig bietngen of BB sthti: R €11Q50, he 81 cafl|2$®may be written
. i bac.
to by prglélﬁi?gﬁlg tthe %{5 gEJﬁZ %ﬁ%g U%tg%%ﬂ& g{}? }hg gu @15% lt%gg %q” f%xC%stance VDD, and by
actlvatugft]lieépleca nsec?éﬁtﬂ}ef?gy Wgtc]apg thyselest &pnsisigpd It éqom\;té p]if-ggté intogts on-state. When
the sele@QARSPOMA I ity &H-dtaB Bre bSltaGel DAt biCEhe\2ll Bis bipflica oia@wéeﬂaa& section 208

to the ge%e %309046 25? 10 nlS %%%‘spot&%régrly c%argekgi%o %eln?srgt(e:% c%lglfcglwgf otf 816 channel region 203,

S
as is qu@;@zﬁ(gﬁlx gheypp 1p§1gg:§t2h,b¢ prahevd the gl]rqqh;éd Yotfege MAad] h@@aﬁer the select transistor 214

may be a@am)d,w addl ivd ditMlink mpznﬁ@sse sroag%t fhe h&qll&@g@c@&a@ $38hadRts@repared for a read

overaici £ A PR LBREF B A L BUTEE! g 209 i
maintaified rat emﬂepelteéy higlhy aﬂ% emrthqus;r thg gatﬁ@ag@ltraln‘d)lt{tgq @ukg bopplied via the select

transistdr@ SIS QSR Ad gl%w&mytetaﬁa@éa rth‘iPIow' REdIERS gat%f tﬁe% cell 210 is stationary
cond cti VI t \{\n decr easi ngPVO ta e at t e

and remgingas {ong by ateliagt VDPHEPTEs ‘e?@’éwd’i‘lffﬁy el 6‘§’§tg? he
chaing ehditeedi tiebi2R8 216 theadiime d12andy Ehiargesh ihedatics ede aid the select
trans1st<;r B?4 ﬂ%llfe s%ﬁl%& %u@od*t:s &Qﬁtefbgractmttﬁel égfeagmé ?l? Due to the self-biased high

conducti vit annel i on 203
conductivi{y %tfé%%fuﬂ?@ltyel% W) dregimatis spoeking Thops thersappi Yaljoge Frace FRDrte fhe bit line
212 to abilsnge vilepaby et 10E blatlnetZI]E vihlth @&l ed ﬂans)éﬂ) by agf&reWndnéSsexﬁe amplifier
(not shown)S u1Lhus 580?% s? ate cgﬁeasé q}lx'l lf g1as6:§ sta e of the bi{ Zi:dqma[yr}ae identified and
read oufa§lmlh@/ s bigh Ingpedﬁmetsa@enavmwﬁ@n p%tm ld@@ll th’nysfogp%aneea nwﬂargmg the
bit line PR IvEth @@ﬁﬂd%teﬂlaﬁ&ld baiviel ek kad: 10 285 188lskadb t%g%ﬁn@ﬁc%n@a] is supplied

RS R SN CAROU TR ——

significgdy lowprltBanrfiseyrediganvy ¢fttheeaharingl répjon 202 incilschighi cmgiuttimy at¢ — and hence the
channelI bd% 283 % M@)Jgﬁt 1ﬂto\4ﬁlhﬁg§gﬁpéﬂmé’ Ratl Foifdh i E@m&ﬁé@é@@ ifqm bit line 212 is

Qr Jjnstance and by activating t

decouplgEoggfe Wpﬁtez%%de%‘@f%v Sglwt "&f’rﬁlﬁg the sel ect
transistor 214 fromits off-state into its on-state.
When t he sel ector tran3|§%95§%%4 isinits on-state,
the voltage at the bit is supplied via the
f eedback section 208 to the gate el ectrode 205, which
i's correspondingly charged to generate a conductivity
of the channel reglon 203, as |s qualltatlvely shomn
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conductivity state of the bit cell 210, charge may be
supplied fromthe supply voltage source VDD to the bit

WO powe/02025 t 0 establish the voltage VDD at the BPCT/UB1008015294
212, which may be sensed by a corresponding sense

lifjer (not..s
ABRresuh Bhmt e 8 sty el i Qe B et grepepgp or s
RAM cefl 100bhrnpd, b/eerr:n@l panticulailyeitie mmdber of &ndivigiudl senBionductar dlgmenta mhy pehless than in

the conveAVBRA RALSc1PicttliBed T rddGentl lotii8R 1Nt 0 the bit cell 210
or instance, pre-charging the bit line 212 wth

3‘{%{3’&6 sepisl Yaﬂ“’“ﬁ AP ST PRt iviRY of Rdrewisiop elpmenf 39 thej gray be used in
forming larself-bihsgngGarsieqnddclve deyice,usnch f3alieesalf-biading tdt celli Pl in Eibuteat Mee transistor

element g@d &)m%l‘rs%gg E@Qﬁte%@'f_’ V\)ﬂc? dag %e %@%9@8};‘%}&‘3 a'teo Ehd? sta Euéli iegnconductor

herent resistance I'S assune
substzatiy @n &15gfrfing iSthaR' Yevingemed Framon heryyteiste s*ﬁralﬁ@éucérr Igypfe and e like, In
particuls€ B@budedents, @lH sobsir2d 301i ayi re;seslsﬂt 2] |Bu113 OiREbd Giibistvdted Of aSfliadreon=insulator (SOI)
substratqh s1gﬁe p%ggn%é tgnﬁce:nel %E?lgz?%u ?h(glv%st majong o% fogr{p%}ec grnc%}alteqtc?rodit% ?]'s and will be
fabricatej op ﬂ}e|bp§es of gibcopgIt Gl@é‘@l}?ﬁ lrpaeciaed o wéver, hejtthpringipiesoof g present invention

may als(d&aré‘a‘hkéd@ﬁ thB Basts hﬁot&e&eeﬁdonduu&emazel@s ASchds EBM afsenily o BRI, and the

like. F orme oP &F Is@atra‘t:e%@gls a é% Ftal%lgﬁ)f wstagmg fegxlzoo%du%ﬂ%g%%: 3;62 iQ;v&ncx may comprise a
speclﬁed)@_ﬂpan n}@ignal torervge p sgyaﬁ@d qpmuat;vhty tyohr therebien 3@f In the embodiment shown

in Figurb 5l in¥ Isé;krr@hduae% Sy rstde ed% SHRRLP RN Ry &geeﬁtb@ne JeBion 302 are
e conventi on R@g/l descrr ed with referen
 dpe n%%ﬁoé’

.to
formed %fuﬁ eﬁdesoqrras regfglnﬁ ﬁrgfrﬁatelae} 13 11§Pﬁ5t§\én oé)posue oonguctlwty type to the
semiconductys Seioe 2l dnhd presee vasefthealrdin @ séust oazioed WA thea3D0ddpérbs that corre-
spondménﬁ(l Rﬁcti‘dl?se Qe If&‘mtch ﬂhg‘ %té?far?egl bfetvxp,énaﬁl% rhgau*?‘ gﬁH QerQ;g %ér&irs 304 and the

device, such as the self-biasin
semlconﬁrilc&a ],eélo? éO” -}ﬁoéeortrelr é_lﬁlga]ngql Eﬁgmé P@ﬁé%{mﬁéﬁwﬁ%ﬁ&ﬁﬂfﬁg’e@d spurce regions 304,
whereinSdshigdy iR 3fEntiondlinehistERyesip 28R YxpRiRpd Ol feftke@oesttl PRhifedb.Ghe channel
region 3%51 Ilnc%ﬁie@ rﬁ”&ltlﬁ d%ﬁ#&o ?S{%gllﬁgi%eslﬁ)}ﬁb\%h{ggtat Whlﬁlnan agl%bltl C%Bdugtgllty change

strate avi n ereon
occurs stéﬁlrl povitieet recrdelrafaly 8ieh configptivipyet fophegdes qf fe wrlﬁrdd@rsé@d voltage.

enbodi nents, the substrate 301 nay represent a bul k

I lgﬂefpo n%u ar Q’ggoﬁlgnté’ﬁpt% cha eli rlflgiicgr‘lg&g.% %ply cltoﬁlgrlilse é tgllgs¥ hé q S).lb Jt'eﬁlon 303a that
is inverselasﬁpeﬁrm%rerppv togthe @onmdeszurren@gé@r e dhusi th@:ﬂrﬁttcham@ s@rrelglon 303a may

be consMéréd ash@ %oﬁ@ﬁrfohﬂ%h@ﬁeﬂ@g@m a B&SénSolf enﬁdnl:dnﬁﬂrﬂranslsﬁor %ﬂ@ W, Gbr instance,

cia ver, .that the ptinci
e i TR e B R et By BRI bR B sty s gpy
comprispt $pernd spmiet rhakgton 893briet B rinversey, dopedah tha Srsgdbinglisnh-region 303a, and may

therefor@ﬁesc%ﬂéldéﬁd agﬁ‘rd%ﬁafoﬂmharﬁigld stREmb brkBistor rﬁ{‘ug@ﬁ)O QﬁFngh? 3a represents an N-
301 is a subs tan cryst al li

substrate i al I
type traxggm %%ﬁsﬁ@ﬁwl Si,llé&glalh %3626 P- (%Rﬁ %vc ﬁlﬁlfnileé%lb—éeglon 303b is N-doped.
The tramgisieCéléniceicB 00l Gpiaaertcomprtserd @be deoirqie 604 Id@tcd tsqnetld thé edhirol of the first and
second éﬁ%gig&l} ﬂeé‘ on 3?} omﬁsoﬁﬂ céﬁgltl{re%gﬁp(ﬁﬁ% %9 f?re ellﬂfod ugxﬁs shown the gate electrode

I nent wn I'n e Sem con
305 is s?pérg;eg ﬁorg @12 c]ilag_nea f?ﬁ’@’a 3q3d)y§1rg6@ Fzﬁqéatgn ﬁaygéﬁ@wps\ﬂi p§,s1hcon dioxide and/or
silicon mAEl{lcam@bi siticon $xyitride iR highR dRlcari ALeRE abll @b Aked ler&)@éH B&transistor

element 38(9 gn§o %gsdé s&d@x%l g 04 87 go %notn s{ﬁg\;v S of"‘1 !he tagea ele tr ea.'oIOES It should be
oSl con I vVity ahe con

aPpremﬁfeéglilao frrtBe Zompopentshanch Pse@@ﬁt51hélé§eln opsq eheoﬁaﬁr eivctamlel 3%50@31516]@ drain and

source rEg@(Qlls Q(!msarég@ﬂstaﬂﬁeﬂiy b@ﬁ&)ﬁkédyof SORE ChrSRdt LNdhiE Bt hidy Sepﬁﬂﬂdieﬁgn accordance
I nterfaces between t

with de%ﬁn %eﬁr?lr%}nlgl gzul?' herrnlgrgg d% %oa%gfcgegln att%hér g)rsﬁster ﬁo\gﬁ%l.lra&ons for instance
including agjjed nir80%d shiyreemgions, and tchbimnabky alecgbeonnﬁ&@@d wgh filer preseht invention.

Moreovg%m&cttpbﬁoxgrﬂﬁ{ @p@dﬂ? proiHd zﬁl%leﬁtﬁgﬂ &B&ct?bqq’o thm% gddrsource regions 304
ntrary esgnventl onal transistor desi gn as IS

and the egﬁﬁs el rfﬁ SOt P Frbegmpnts, o RS i b Provided tha
connecty @ bthe B&iBand Sounmd tkigfohetb4 ivith thh gdte ¢léctrelie B30T) &Sis @hapaailf seehn in Figure
threshol d vol tage at whig} eQa:.a}brupt conductivity
change occurs yet still OV|&|ng a noderately high
conductivity at both S|des of the specified threshold
voltage. In one particular enbodi ment, the channe
region 303 nmay conprrse a frrst channel sub- regron

NS L 1 o S o, N a L
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305 is separated fromthe channel region 303 by a gate

i nsul ation |ayer 306 conprised of silicon dioxide
wW@nabo229$3 | i con nitride and/ or silicon oxynitrPdEUS2005/015294

and/ or high-k dielectric materials and the |ike.

reo sfor el epent 300
20 in o B QAR ekl b bETIBh °} BB R SOV P GPAT s Gorm of -
calledkedlle@etrm@et 305. It should be appreciated that further

Cf@gﬂ%oﬂﬁ E&éﬁaﬁ@d‘ﬁ? @thé tﬁgeﬁé%lstéuéléﬁﬁqu%o \!VIQ:n Q:@t%%mre&] s QQ’tt?pe transistor.
ect rode 305 _and the drain. and source r%gglt ons 304 are

Hence, gxa B‘gutsgfm P %{Fﬁ“ﬁ/w@dﬁﬁfgi”@ éa CB‘FPrgfﬁ tpeb e coppen as previously described with
referencp tol Riggiter3a twéttl thio ertcepniany thizehepirain/dnd ewlrce FegaCI0M, digertbiinsMisibiregions 3032 and
303b, eGSR odn B BRI See &%M&g&ﬁ%ﬁpa@d&o 19adve % AR
hat ot her transistor conf uration | nst anhce

|fh BPigd iprgest Hovs fa fogpiag e siic@enstor device §P bt shoxrrdn Figere 3a or Figure 3b
may cothprié€the folywiad ﬁ@cekse emed 16/ Bfatbit 6F ahfigolPio SifBkires MYEAEWIHY B> define the
overall &gn%%}{segf theHY s1sg {1 Y ovﬁc‘ie Fatngalp msul:}thp oC %11 L%I‘HP r (?r\émp eSements the

an ]| ectrica connec opn dl §
vertical deggpionefilgeiathe P?é}nqohf@ctgraqee019$(8clwd&erea@5 ba wvell-rﬁ@bhsbmnm implantation

cycles. bﬂn@&mﬁ log %ﬁntaﬁ&ﬂ%@ﬁbﬁ@ Nis8 the &erﬁ&[‘é&%&ft bl@ﬁle Uﬁt}ic O8nnel region 303 may be

estabhsk[%d i«l 06 ﬁ)éarr)g% Oglpl%n ﬁgé Ee%‘lé('t%gﬁlgtf)r rggl?rb%)é rwgbg P%gog nq%tgnal %y ion implantation

and/or bset@@mas p Eraidbgstd shewe of b'y femipgrae Sataxisily tigtrevn Saprigpndyictot lager in a deposition

atmospHeRELRARK 2 8§k AN-EPE: re%%mcc@lrrés ﬁ@@g@lme&w&%w sQBlroPBY 303b (Figure
e est hed in ormof_a socalled

| oc
50) moyH (B AL BE PIETED BB oEE St BT SR Jphe be resmorphized
to reduderaan shagteting efeetsrdming I@Oiomigrienzoed ofghe Hdypa SiognPmityjabfor defining the

second c!:h[nﬁ@l%h§ Ie%[m 3d_€ nﬁ@reaﬁep % flIr{hé'm(% 1§1E)Qﬁtat§>l1 gﬁﬁ&&e lgé}%e Bgrfonned to create the
r| ses the same co%gonen S as previ ousl

P doPedd@%cPP?f“B% PP 18t SPEREds PO FRRtEC BRI R b gnd implantiton energy

may be eppeppitélpitlettadio athiree 6liairdd camehisiairaad®a spediiddrisptid@dhin thé @miconductor
a

region 3%'21 m@élgéﬁp %Ct Oérgogésg)grﬁmg’c%g gxag%gdllg%g g?tglge{a%y &)hr%naun% snnulatlon d:alculatlons

andor 6% ¥ AL emRgfimERiyy PR 035V wmispRrielen am%ees%e fﬂlt@wﬂwcawm in a

depos1t1510dhﬁd>sﬁl@rd daﬁalﬁlﬁg‘ﬂlhé? ﬂflldxldﬁ: typd ofleMhtC Fo3hndS arSINOMA sehitonductor layer may

re 3a ? pprise the foll
be growbl og l{he sglglgon%%tc%r T 10P e:&OZ?’ olgx%nadt by t %?tamal )gro (% lptg%e sgnnconductor layer

with a dgqrpchfé{clg‘egs Sty dip Wn@@o@glquﬁ@Z plh)ebegmglpxﬁqq to create the second channel
sub-reglelh B@B'BSaJn&) E\ﬁ)séﬁﬁenﬂ)hﬁ lagfér&BrSﬂh§ 5723 cﬁ%&gl @JBQeg‘io(ﬂ PEOMbyIE: formed by epitaxial

t Ircult
growth *Ilﬁgiowgt—ctogt%lgﬂng ﬁrg(bsglhe{e B?oaef%yer}eaﬁgrf o?rhrgqge C%il ﬁe&m}?%ﬁ, n;Eimona’l threshold
voltage rimpjantatioBORayney pdoferned da tcercbsipypdivgdy ledjess ttmbfinakish etdained rthresholds for the

controllAbHIRY @"Qﬁe@hdnﬁa re%r‘)é& E®%y nlhls bP@e ﬁalﬂal checkr QB 305?'@?1&51&% t!h@gﬂlte insulation layer
Qrile o

nce, al so e vertical a r
306 andé]feggﬁtﬁ éﬁectliogegi‘?oa Hla% oxﬁnggl mt?gnf%rgneté Errt{x] g"ﬁg nonglbfrestél;l% prgcesses, followed
by advaadetl énplabpomgcthior Henhe hnduntand squeg irqivnSHA. Wiftehvaals, further processes
mcludmg aﬁn\ézﬁ %yc'f@'fo? Eét@itmg Xop'axgpanh ?S) rﬁﬂhi@%ﬂé Qﬂ%rﬂ{ﬂz(«j,é & daﬁlé’ ed crystalhne portions in

rovi di ng re-d trat formn
the drang mdtsa%?earPalgﬂs Motk S%lewr%fﬁaﬁeeb%ml aalgéél}e chame} re@ep é%% fqlleypd by other
processed t @S B eilicRlation Cldl €He Milte amG Ot forn@tl iNado@ede Kway wltestablished process
techniq@Q ' espondi ng to the second channel sub-region 303b
((; ure 3a) may be created. For this purpose,
sibe gi&e@p%wml b of thetrapgistpreetsmgt P bvillmevy mplsleei withyefirence to the

N-type @hﬁst@@ﬁ@hb ZL @hdrdn d‘oﬁ&ﬁd&ﬁm@ @)}bldﬁh@ﬁm@m lﬁk@rs@ffdcltgééﬁ 8s0dpi BGhe device
300 of Fto%xfe 3Iboﬂ is a{s%rlélggt;éag%lln gerg]%)% g%l 0gthe éefbl}éﬁc? Sé(? 8Eﬁ gpererslen?s thef sgurce region
and is cfﬁweqt@a@ glevmd pateftigk tSiyaitarly,gbe semjsbmindtertréeion 39%131 lgemwd nagrong potential

while th@ R B(ﬂﬁﬂ ﬂ{eglgﬁt[h%tsﬁe ﬁsQ@ImEctgﬂp %g stblfy%&ltagW ﬁ)l act as a dram reglon The
-regi on wherein, in both | antation c

sate cipigode g5 CAHEFST ih P XPiRR TouRe gﬁtewaypfwaif Beontsd yplsss V ét eﬁny ‘values for
applied gadthges bre givérovithadspeemte tha galesl poedliat endadhtieatmicd@ e region 302, as well as
specified depth wthin the g ?fnhconductor regi on 302.
Correspondi ng process paraneters may readily be
obt ai ned by perform ng sinulation cal cul ations and/ or
test runs. In other enbodinents, one or two
sem conductor Iayers may be ep| taX| aI I y grown |n a

o o " o o e o Y
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by advanced inplantation cycles for formng the drain
and source regions 304. Afterwards, further processes
wo pbzhony anneal cycles for activating dopant BCHOS2005/015294
re-crystallizing anDrphized or danaged crystalline
orti in th d .source reqgi ons 304
o souriiaion S, ateraonagh B a8 SR SR ARR G Rt B e a relaively
low confugtivigwetle bhanwl krgipnsP0d dlebis dsmayueresens a sibbtantiblyaiighGmpeglmde state of the

transistok B®), Lihck Ehe fﬁ)fhagﬁl ! E‘Jgﬁ)ﬁ g@}q rﬂaﬂ b@&ﬁ%&i gé’]&x?ns%éﬂold voltage for providing
wel [ - establi shed process techni ques.

suffcier PEPEY b caER 6T ciHsterchHaThLp 8@“@10%%%?12“3@0“&1 reference to

the enhantekdent ramistoe oEBigirai b @6l thwi oitlar Kaed, eHe 86to@] dhnél REL-REibyFV8b forming a PN-
| I r

Junctlontv{?g'&%l rc;ge}:rllg%ﬁ gegl\?mg 5(%9 Blg%ée%rﬁ%tee %@1@ f)ie' Jcs J%g{z cg%é%garglfrgg the r?ghon 303a which

in turn PRAile 3pee offits magipehags cagrprs ﬂe%wa%%b mata Ctnrf‘épqnegg wece charge

area is eStfblistedl THie, thebdondabdeistRgiod 3d§b QlH)V zﬂso&&mrafkpzfcg&ﬁfg% %rei R respect to

the nelg%go%c%raﬁlegl ]?){;]1 3611 dwhlersélnct nnee(a: 1se 1nverse C}'gglg,sﬁ(g g}/ q Coﬁnﬁle%{?uélg potential to

€ senicon or reg
significantly queqqnféje yerdesivitalt whi Sle@mi hb;ﬁrmeé g}lhallqg1®0403(’9n C¢neequently, the overall
conductinbé](l}ftther&ﬁﬁlgel Séidﬁ 3b$is 919&&96%1 1@\9' Ut RashisRR| cMntl\épJ/cﬁtQéB & GYERtrons are

an1reg e el.ectrod

mcreasm ﬁc‘i: Stli,lbu d tt%) g e\%ﬂdtc &%{?F‘g%ﬁ’a gr]ebydﬁcyeamgot& avgrag conduct1v1ty, while
the firstobarnel otb-regiprt e is\GlL bﬂvw ity thfestoll vloe. #fhpl the dontroll iobiage /G reaches the

threshol@(lcﬁta%' NS M@ttcﬁ]anﬁe@ %@ggtxonh@ht \b}ﬁch%ﬁ) Wfagéﬁttg ﬁt\hql the éogductmty thereof
sem_conductor region wel | ast he

st ety Y 6 S LB Ebetrk £ B Pl grpases 1
further dppleyiting e e@md chaphdl agneregiﬁ BBy bheadectwl tresteldataluy,eleferred to in the
followmlg %NV‘?Q ng %Ich Yl{etcﬂangefl is c &Q?@Jﬂ)?& ed, I }eﬁnﬁe C%Q%ponhllﬂgthréslﬁﬂd voltage is

represent a sub S ance st at
adjustedotf) bf: ﬁ@nlﬁ?aa%knglteb Fhanséne ﬁrsg fhfﬁélé)ldt ‘ﬁ)éagel\gfé deéqq‘axﬁﬁ% fhe behavior of the first
channel smbbegmg:ioen 'ﬂ&galpﬂﬁﬁdrﬂbemﬁﬁ)a&ﬁgiﬂle dolb@d Wﬂoﬂl&hinhé’l@é‘rh &dn@uctive, thereby
impartin! %l éﬁ% h%lfx ch[dgé{ the 6H£l‘f6 f Im? I‘e f IIE c%rn% qhe second threshold
arrier g es uc é 11

a con
voltage Mg qrid Sy | rysu@aa@ 1néh°rfeﬂetwp Phthe gspan elwerel %ub-rqgwe 3@hhtaﬁ@eﬁﬁ penductivity

abruptlyt de&BSddSsirRE th@TourkdnQfliveis hbw réelfictbd 1@ Rt 41€ lehdA@dN Gub- rtaé'lﬁl §)®£ om)n further
PN uncti o

1ncreasu%ﬁ/tﬂ f:onlrol Vonge %@dérerapcongué V1tg%éa1n 1ncreases smc% Hle conductlvit)glof the first
channel gdgigp é@a @(mtlpqogqlgmgrgisqs [yeile té@qe@md doswl squg@h3q3h iststilk i afriy impedance
state. Provi de sone of |ts maj ority charge carriers to the

regi on 303b.u a cor n a charge area_js ,
BT, SRR o BB A TR e BT of SRl o
Figure 3pray3ba [Hewby, drivasansptadhedim rigancbuk eeginn 8032 isegppaatedbpa filyeresistor R1,

while th8 SdoSHIRBHLA gutﬁ:%élbx{hoﬁﬁg' Rescafdd by YRELGI 0. tilk ReiBbER1 bR R2 may bave a
i nverse ground potenti al

and
resistancgVEJHT ¥4 B bt ;9? Feileo e SEREEr - i pimpltfigd Bl ssumed that
the resis¢in@vaied ofRIbmayed oma BlBalue Qﬂmﬁﬂ fisntdeghold bl@geOWEL &hibh is substantially
detemm%@ @9 He ts@\ﬂ:‘ﬁl?al Qgecfﬁ& of ‘1?}11 Hs?skor El@rgé 99003%111 aﬁy,{%\g&r tdglI a¥d as explained

gicz)n I NCr easli ng e cont rO
above, t%ﬁrreSlﬁtOﬁ &STUAGT §P ke g high wed@epetsfete t‘"ﬁ@ eewoe h%ﬂﬁ’PFé‘Fd with a gate
voltage he g Midve3dRecohd @kidy dhedeCAB), RBce Men BY 8Edhd channel sub-region 303b is

| ile the first channel sub-regi on 303a
smmmm%ﬁQQ%Pfkﬁﬁéﬁaﬁths t hreshol d val ue. Wen the contro

Vitguieatfellivaateethie Heose-pinkingchbebasing it 2 wedlitativgefashion, whyesiof the gertical axis
represerﬁhﬁéh@ﬁ§tan8&%de@@ﬂ B reFRRAR 1 WA FONwiMHel the lgﬁzcﬁlﬁf Bis ifale® @ Spplied gate

e con UCtIV ereof ab i ncreas gp
ot 5 4 B SO S et gt B bt 5 Bl iy
constani30@-resistaceath ppppixinetdyniCf@elee st gatet voltages helotwhier seasd thresiahld voltage VT2,
which i ﬁ%xutng}ﬁy 98¢ QJ]Q uﬁh@ﬂ}&gdt e:élﬂlgl'e r E@évm% tﬁgﬁg cnzglﬁel Qub%@g%?l%% exhibits a

res val ue, refer ow ng as VI2
High reSanGErepn TP tCUMRO P theéiﬁ%rﬁ%%sléql%/ V‘d‘é%?l ¥ eyt figheg frieted to be
approxithdigly 0.0 velsparddibhgtlt fhagshol aﬂpMﬁinﬁtéig @00 Shndeljr stk Q6liabdd B&ve the first
significantly higher thap the-first threshold voltage
VTl, determning the beha%lor of the first channe
sub-regi on 303a. Thus, upon further increasing the
vol tage VG both channel s are conductive, thereby
|npart|ng a relatlvely hlgh conduct|V|ty to the entlre

o P o o S
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whil e the second channel sub-region 303b is
represented by a resistor R2. The resistors R and R2
woreopelozeoes a resi stance val ue on the order of nRORUS2008015294
of 1000 ohns. Moreover, in this sinplified nodel, it
t he re i St an val ue of R may take on

treshol gl "‘5“11‘5 a ?tdé‘)“gdéie SRR fiptacpaty ?éﬂﬂ*bﬁ‘ PO e gy impedance state
varies Wihithotgate golpgr whagit, ihawvdvyr, detvaraibmie degbgible h@nmated tothalsbapt change at the
respechs@tﬁl%l»hglh 9§lta&fs il gndt\hqréﬁd 3 thQrEfo%l m&ﬁgneﬁ mlarly, in

his nodel and as expl ai ned above, the resistor R2 is
a%%lﬁm%eo“*teamttcahkyeshaws egwwrfsm&ﬁe@f%& Svehippghnfhe phaunel region 303,
which kg \alse &e BDderes! a0 Pproadnith W toldutigfioe thy Ohahdl) esgiat 3QH wah @ w&ying gate

voltaget ﬁg n§g§& rLQte tvgi a e%&gi gmé{grl I£1 a}%g ét% igh m'§1u & stage { € resistor R2 is in its

stantia
low Ohl% ﬁfi% é‘iherPly 2 d@b‘l reCtUéfePn lqjﬂawrl@c%y imlay brstbpesited éuett% ee typical dependence of
the draif D@ 'ﬁﬁ?ﬁﬁﬂe@btﬁ @atag)@ hél\theﬁﬁlmberﬁ offrdd Uﬂlrgetcﬁ‘héryﬁ dét&ﬁlme&)ﬁy the gate potential

and thuél\ih zreds ?o a%}gcafvhanzg&ntl Iofc tfs? chaan)gelslsf)ﬂ‘dgﬁir 1? e\:l%e {f%le cﬁaémesf res1stance which is not

ors
taken nﬁm?ohsz@rﬁlm in ghejnepdelrsbiivenain Eigure B sipgg plllel vatptigr ofethe/modittamgpein W@, on-state is

significA8ly &Mpdrai ib e d&fef@&e' delwosh thglgl 1mp$cial§ze %ﬁt@ QRFnE H@D Bbuctivity state.
|b|tsasu stantially constant

e
Ao oo R R ARBE S P50 S AT “To000 B g AP harilend, ad bty
increasoy gbrt giEe B wliedeh entd dlsoihdstoldr €Bhb| rehched] Wisighe caVsER ,an \abvingthrhange in

conductliv% a%fe%i‘ %%S&a&eﬁ@ éﬁ@k& Sre lnﬂhéh@w—@ﬁrﬁé @tﬁtz arﬁ%@@im@current and thus
ﬁevm se, first channel sub-region 303a exhibits a

e confE R MR AP OEG AP P € AL ARGy el Fssone.
At the se¢ond threstotdes gk & T9,Ghd saged dhkhnel inbdptled lasd lh:ed’eeheﬁalaleiﬁdneﬁrrélﬁ and thus
the totapg)né’ﬂlgm& )Sf {1{@{:1% n)él leh 3()@ols tag‘rupt@rzigcr%pé’d Mbqnﬁgcgr%sfmtmoa lower level

appr oxi nat el y m for gaté vo ‘ﬂf% ove
with ingrpesigg £hif aQite auevteﬂbea@eowerrmreasp tn sHEEEOLY Bp ficketreakisgion 3032
Conseqtidafyt, tiaQiatbastol Yiehdrds 10harmel a E‘eﬁﬁﬁhﬂ of th¥ ichayind Borﬁﬁlﬁwty as is explained with

referenJquvFlé %61 %96%6 %&a@ﬁrﬁh folm ’?ion f. ahselg‘;{gondgc%orede\\/{c%l %uc as the bit cell 210 of

Figure %aoﬁsptée bqgls p@c@@h%}tmgqlst@ﬁ@m@glaq W]ttlh@mptggc]g’@@tqf e channel region, as is
describddoEisdmbelwitlet-RER S0 W dha@Bidegiéh2onNd is therefore not

SI!:}%urehéla schematg:afliﬁeshg’vgs Fucg&'l [hg r3e ts éﬁ% RS 1 JSg%ncﬁﬁigg\g traansistor element

' repr esel RETCUPTERD
having eﬁdhﬁﬁelchqneeg Fegiqn mre apii dlinformgtion] Ty dokd 4Womampribey Eighnsistor element 400

having & ﬁ@cﬁﬁﬁ%ﬂinhdq g:gfofﬂ 203CH a6 tnbMdetaMir® Ehamﬁregbxaﬂﬁt%lsec%ﬁgdh%el region, as is
I negati ve at

yi te v
shown, 306 ant&la:% gn Flgw aZra éig(P gn( %&orﬁver t£ ﬁraﬁsqt@gﬁ ﬁ %181665 %%ate electrode 405
and a dgingdrminal iprid aed 4 $verce eenisd #4s. RRgurestaialgo 111t1$ratle©am;n@lumymbol for a field effect
trans1st<§th§\tu§g fﬁ’ﬁﬁﬁeﬁ'cﬂanﬁel %bﬂfgtﬁtatloﬁ ngly 5110{1196!3 tﬁerhngré%e&%q léﬁJrAc%éh&M and which

‘ﬂlﬁae observed due to pi cal dependence of

may, ingplpoe e S fprwﬁaﬁeub&acben ynEagyion, Mgreove. s T giode 405 and
the sourod terfuirabi0¢dvae &Jj@trtcﬂ]yrcbrﬁbcsed lat] atkefoehrconna@d! thy se_lebt&r_aij}s&toe4l4 the gate 414g
of whick ﬁtc&m:c'teﬁ Ito ct 5&%6 tNﬁf’Pe § \{‘;&/dﬂu& tng%lm%ﬁ{l%vlggolnge% e&) % a%tt liltlerh%Z In one

annel conducti vit
Paﬂiculﬁré&bgctlla% éhe SHIE 15el} %Orfeqrelx BRlades thetignsston sleenisad It gpd fOP as the only
transistdr RIRmEARCHAY d&h BOMReqhifs ar) Gidfie aclitle &)lniﬁ&ﬁntﬁ hg otha;f dnﬁbd1ﬁ§hts@further transistor

elementts rrﬁgr\bbeepsrcéf‘?c{eg [2) & Incrgf: Fef ﬁnc%ona?ty (for the reﬁxtal%pt ?]ce l 4¥O %is wxﬁ ge described

erence
later ong }t fstt@beatgd, ﬂlﬁ\gevm @ﬁ the daid genebies g (crgnsgpaqlqmentﬁ\majastlg ag less than six transistor

element¥, Q% h&l&%o@/@nt@ﬁw B&¥%h bRt |1IVF e 1dh & shidde 2 %QJEQH:Q tHadthd Yan§i@6t elements

evi o | ai ne
00 and2 R T Pl R O B oy SRt o et vith ernce
Figures t3; pigisTpo vk roif hnyiadditiamalgheess stedsi fohfopangstes madificglohanpdl region 403 may be
perform@h %gﬁsténge 99 M%ﬁfpia}(thﬁo){ WI’-JIIQQB@ Q‘gnts@t(m 41Q ts Qnaglg§ 's§ tﬂﬁ{lg %‘fgh degree of

in their |owohmc state and drain

°°mpatlé%ﬁyrlse%tf{1 malaﬁﬂed( fv fhe qufis PrgssTPEt PR AP ARe thergelt ‘éﬁas es w. th

i ncreasing gate voltage mainly due to the variation of

the first channel reS|sH§ﬁ . t he second threshol d

vol tage VT2, the second annel is depleted and hence

the total drain current, and thus the total

conductivity of the channel region 303, is abruptly

decreased and ‘starts |ncrea3|ng fron1a Iomer IeveI

S . I T




10

15

20

25

30

35

40

shown, for instance, in Figures 3a and 3b. Moreover,
the transistor elenent 400 conprises a gate el ectrode
wa®emend1m drain termnal 404d and a source terP@i/nsi005/015294
404s. Figure 4a also illustrates a circuit_ synbol for
SO FupRel B ol A0S 5l P e TR D3RS e
Figures i mdébt Elra} B when amidhgwéogihl stateyipto Ithft cglbd50i thatifsainto the transistor element 400,
the bit lm@fnwtp?e ch%&lvéng e @el&@ﬁlggtgor‘:ﬁaﬂl%te tGIQEH dnd, @tﬁvla% ‘the select line

ver e el ectrode t he source
416. Htrsbryrﬁgﬁ%fre 4&61@“2? e pqiwtieof et lg»ﬂeéb%n nget AU tabeViio Rt in tum, is
higher honthe gecifled threshoalokagt, dt r@iab itstconduditidy of the clgaiet rofibd g0Dhas a local
maxunu\ﬁ’r| ' I%pcdnvc‘enfét%la Nk Cs%@c%eh (atré'lhcﬁc?l/o%gée n&a&l Buerefétlrgd t%é {f% & sht)wn in Figures 3e

source/dral n te I'S cohnect ed
and 3d. 44 a repf of fhe apphieatipe o ‘5?13 étrtb%%j‘terfé‘?ﬁ‘t"de tve ﬂlsweé @qnﬂuczt\sty is in its low
impedante ktetk, ui iNDLAdes the Fight bid@srsheShreshol@ hAMETIRI Figid 39N A4 QR cd@Secting the
trans1st%r Iggmg 2%1(36 éﬁ%) € epr% %hgr eocﬁbeltn {}E A flsbﬁ%eatctﬁqgn%sther%g%pt [meqH% ' e lugh%onductmty
state is faginfaiged sitcp api ithettgpsisir element $00igyn Heelihiagngi St}é@tlatwta@n khiple ksads to an

increasd moﬁdﬂaﬁltti’ QRéteiek Yheag‘:lé/ \Ql’tagE I?&dsf el dr®b| Ad § Yestlf, tﬂerbeur@eetehlﬁnal 404s is

mamtanﬁ:g at a voltage L ag(%Vﬁe (e gf?lg ﬁol ee{}TZO Qmertetf,yalﬁcilcagl%goar 10%113 gtgt%?eﬁdtg This state
may be prag Olytnt the Sable wapssss ddyathedvish tergrps itoskignre 2l Singltly a hipd ipedance state

may betvsl?ﬁerplﬁt@\ﬂ%%lﬂ @ﬂ)ﬂly ﬂﬁ&bcﬂﬁm@lﬁ Mhdr%ﬁlgﬁh@ﬁif §e ugh anhtactﬁgtﬁlgltﬂ select line
reCI ransi stor el ene
416. 1015 S0 Fa el e PR VAR OB B OB P 2o s is vt

into thegeliglé@ss fl ow as previously described with reference to

FFlQHJ ﬁﬁscﬁéﬂla@fﬁﬂy &Qws Mﬁ:[u@ thg%rﬂﬁ] Mes@ﬁ)gllgttﬂemM BhoGE %éltalnmg more than
steps for formng the noditied channel region 403

two trarﬁlétobeée[n}elgﬁ ﬁlétdess Whglrsni tﬁlg%lsé(ﬁ Elémw Ihbthls ftrﬁkﬁplgﬁlftaet iflrg Houbmpa}néel transistor
elementt 4082 4nfl ansdosd diubl4 tikhnhes trhl’faﬁtk]eﬂen&ﬁt 4ohiatire @rokiidgih whlielp) mexedieffr from each

other b}pz? rﬂﬁ@tﬂlt #’%shcﬁcy }(dltgges\;’bld Ian t @ﬂ &F%p%g%g %;ﬁﬁge%!étrlgasrlbe adval%tageous in

t
operatmlg :tll}og%gl@]%p w%bvoldsffegeawgégé}z‘f%ﬁweq VDIP ARG ﬁ@rsbcgaeqagng mode may be considered
as a lowdudrehit i WithdesmtddBagiyWoltdge aﬁfpetsmmaiutea oEdragllplﬁ g)sedZammdugh current
mode m%? ial}oy} ooperathonvwg afl mcre?seél %uﬁpely ,E/clgltg S&lerloa/ rposs%b? 1mH1;[0V12%) e total operating
speed atht@ ths} signflitqraoise Fationfaystdsise pfemetion finythel cllrO.t Fids asainesg that the transistor

elementtmw'}ﬁdyihﬁxférthrésitéld ﬁaﬁigeb@l‘ Jh BEiREI6ks @dgaéd %Qﬁriss‘ﬁaﬁ Woged hﬁb of the transistor

element 48¢ %1 %eperzg n tﬁdlffeéen t% %i]ﬁlg vhl%éég% In'g@grsefl %gggﬁlﬁjég d1[1r81g Bhé fabrication
of the cvt)[jomﬂnt for gyarpple, @ first gnpltpm‘gtkpemec{uhaws trérérggyde fofp g channel region of the
device 4004 ®BiRAhCh VI 4039 & madited VAl Qfoh;ﬁﬁg £QRdd %ﬁléﬂathyn Qfuehf&yith the device

ocal

[ as_a
s00n S B e o e, H“teé?fp’toﬁ‘ih%gsfﬁro‘t“‘dget}%‘tt’t’%\@%dlﬁeé?“ fegshold voltages
will alsq igfdescrited witbrefeeendf F@Tigas6.shown in Figures 3e and 3d. As
aDJrﬁ% ltﬂe opQJfathh(ﬁ tﬁao peJll' Aﬁ’)@t thQ ert%f anytpg%dat;yclgshrﬁaﬂget Sqrformed as prev1ous1y

el ec , he ch anne conduct |V|t¥
desmbﬁ%ﬁ*@&&h Wéewartt@d atfgebprsV L) g eErisy PR f“?oa i oreTe mdte self-biasing
mode adnius iamhakhd ghtewakdge and T gate iv@tdgeﬁ)f ﬁe)rans@dfof &Ement 400a at the high threshold

voltage QIIT%:\Q lﬂ?&r‘ia‘t %Iurl ElF h}ﬁfx %%%Jé&g@[s C?? %_t : va 3 nQn l%e%tg rpget:rit cd Wlth a low VDD

pre-cna e
that ma)/ 12R%e b&trfeen thertbreshilgV 1eb ArUCE2e of tlgftr@tlatréotbsanﬁﬁte Ly St@eép()a the device
400a reBhifkGE the @gh tddBuctiviBNteSh@hulegi BB gatd Okkage of the @vices 4002 and 400b at the

stationary state, which [eads to an
1OwerthreSﬂmfldVOtaée%gzconduct ivity whenever the gate voltage

tleshdgd plep Wprappyeciafeg that mess dHap fwotdedces giith diferemtimgshald vol@gks VT2 may be
providedl §1 tﬁgadem sl ﬂ%yﬁﬁovﬁm\é%et;ﬁgﬁtaﬁfor £ enfeR¥M @un%tlﬂﬁalft};1 I'fop g@tngle the device

450 magr?ﬂ e s etg?%t)%?rgve ﬁqr%t&latgtgs{ﬂ%g% :sfgt? ﬁ%)relg%ﬂ!bgc ol ggglgt%dgr}cee state, one state
represeiies @ high echduutivily staaf eittemgee takade agﬂab&ov@athregkom Votttide\WT28, and one state
hi gh inpedance state may, gel Mp{tten into the cell 450
by correspondi ngly pre- ch rging the bit line 412 and
activating the select Iline 4 16. In this case, the
conductivity of the channel region 403 is |ow and
rerral ns | ow unI ess a new state |s vvrltten |nto the

A~ p— 1 .=
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el ement 400a may have threshold vol tage VT2a bei ng
| ess conpared to threshold voltage VTI2b of the

wo e@es2®tdr el ement 400b. The generation of di PEEUS2S/015294
threshol d vol tages VT2 nay readi |y be achieved during

conachl1 RGN0y G50 B Vb SR e v
corresperiilipg sietes lrlfe @qe ol Aéﬁ therbét hdfehﬁs e HEObargeh witkresagiivel eatiagee  Likewise, when

more tHAPHR tﬂa&m%ﬁ&&fe@lﬁs \x@ﬁ‘ Qiffﬁ@r[t ﬁlﬁ’JsﬁGlMlt?ge&c‘merbﬁ %li %Szgéésﬁog&ng number of
uence Wt e 400a nasked and t evice

it S Y B e 1 50 58 M P LoD ORI s sufiin
to addrefs ftlfecqelt 50 hdwme stoel @hemml 1 plgekty Wi bifferatt satche dehe rap;bie&ilons the lower
thresholdf! \I’[Iia fn%f l%rcgrﬁﬁgreé fa Et'algll'ﬁy(%hrcﬁs olcptlcr élglge annthBrrg\@bn &’xe supply voltage VDD

the cell 450 he wité an
demﬁSﬁSe‘?%”r %a"f’a%‘ Oﬁ?f@k?i% BT ER & oS FEREIHLD (i evpply voltage may be
dehvere{upbeaabxegk caiacitr bridghliké. VDD, the transi stor el enent 400b
' ﬁlgtﬁ@?%&‘érﬁﬁcdllg Sﬁoglg a%l%%s se&or%% \9 ED 90 cﬁiann # ns1stor ?len%eﬁt 500 in the

. maintalins It te vo evo
form Oﬁat‘lé‘h*é’P%tfaB%‘St% e gd aaem%OIa%evmqq éfhm, &k treqqxstesﬂmeat iﬁ)@ le¢rergiges drain and

source ME]BJIQ; SNR ﬁﬂmd?dﬁﬁfa sdMiddgduotdr E&E@ 569 168ate8 QA& indblatidh 18§e@ER. The insulation

layer 520 maa repBesétnt é"%'ﬂm %{eﬁectruf %¥ d)n%yzeigprg?{&te\%yge}{e% gh is tyglcally a bulk
Semlco‘!dlwa?rs?}l@lf@? Suzma@ I sifieed Sltbhteatet rFamIfsmslreo the 4Q@a S0 dampribes/d g channel region

503a arﬂlQQ&oﬁcﬁﬂﬁ]!nﬂ Seglo 53R ExHULGR 1&@@@%%5&&5 E)%Vl@é t‘ﬁé I%qlﬁr@&lchtaﬁlgﬁbharactensncs

ate vol tages I ces 400a and_400b
o oo e e VB g P oo SRR BB seaed
therefregpipyraet aswdiot ke 5¢fore than two devices with different
t ’hl[e%%ﬂ@sltcg eI\éIQén& §(Q)er§a \@%amgf%u&q i Ecgyx{igﬁgwfﬂpcohaﬁtmggl r#rocass techniques,

fg her eb r oVvli (Pot ential for an enha
Whereity %%?l’alrfagl?nw AP @&ygtﬁ&r@e Prign trplniaéenasdion i isbereih pehmiques,
as is pegoisly gieeritich méte rdférérke roeigures Batiis3b. Orte SO dévize 500 may be advantageously

incorpofBREESE yemwap{g&egsﬁrs %?e% » fatfsbmagheas {%ﬂ}esmes

represen con uct|V|t
v%i%‘tf%l@ e PRt I B S Ielezene 6%21&9“8%9 sehpe 601 with a
crystalliait &dnfidorfic@SLEbL 6Y Bl ghre6OR AL, VDl Bl 8duee @bgidnh eo\:h having a first
I ta b o evi.ce 400D, e
conduofi il b AEEE sl P 8l RS REE 28 By petiBlr ot e
semicongugtorryifras RSV iydoppit e oxbitdragesndgondiotiés pee t Bajecen the drain and source
regions\6®4, b aige&lannéll BN 698, an¥h %oxﬂ‘éﬁ&n& hs@ﬁn 509 aleltehsd SibiPthat the first channel

region &)lja 1”E>8at%1 more cli]oseq é);ae rgt% L r%rto e n@%b 21 cﬂ s\f/sgpé%afa ? grplgﬁg c]gatméeﬁ ée§1on 603abya
gate msl‘?h?/@éa&@t @ﬁe ahq ﬁTsttChﬁen@ edgion 480 mayhe d@phtogxighingd @ced lcedictivity type,

wheread th@&ccﬂ‘xa- @aﬁﬁﬁeg’lon%oﬂ%lﬁr emuﬁlt i S cﬂx;'dgctivfty t%éf il fd @Qltnplt': ﬁlustrated an N-

ess. the cel 0 V|n store a plura
ope dofC U RPLIFa SpRB SRR Y T 8 W13 (s 3 g
3e), thetshmeesitroh apply B2 arewayslybeplamds Mdeped ttadirs asitsedonkt diyinnel regions 603a, 603b
differ bl %&ﬁ Iaﬂ!zrqin at iert @r@%yﬁlﬁerga%oﬁlpbﬂkﬁ d niité/rnéf/%?a& tTBa@ 1ssl!l‘l£)81|ax¥ctenstws of the

vol t age VDD decr eases bel ow t nor mal oper at
respect LR Mg e <P e etpnSe by T —
such as w@tetid gempsionDdteoell sirMe raadithbiikea Fat itaBGethe epaQ icha@fiel Qa@loﬁ BE3b may be
i : . [ 0SS-. ectlon
e 86 NSRRI LA 8101 R4 Q357 A S p g
growth plgysficestlaygnfonthe fiilerhanpel magio 60He. wstein @aam@g aispregessSEuirements, the layer

603b maebd ﬁﬁxed-BhH& to hdve sﬂe&ﬁ&&h@hﬁlrstrﬁh Gfr@rlﬁapa";’tocpsp%m st &€ % the layer 603a.
504 f din a sem con uct

Slmllarllt}j' tﬁe chaqél éegf e af mdly %%% \(}\élgeéi A3 a ?]trgmf: Lgilic ngeIng%Fn & er materials
such as ﬁlh@aaflc@rbqnowy baysed wHP@raate ceppa@iienin oge dribbth oﬂﬂletlmmternegons 603a and

603b. 'i['lﬁly Ghe $aﬂ5ﬂ§@l§esﬁ6ldsa‘mm ARRORSA B ﬁlal%ﬁpl%%gl{%‘?g%agagé ng&r%ffectwely be

wised 1 o GupY a0E « TP GRRER BRI dB Y CepsgY ol srain. Sine
strain enpOping besma nforer and mota ampoethnt inexgfianeed BOBAletRR, cdrr&PaIAE process schemes
channel region 503b, whig E arg,J nversely doped to
provi de the required chan H haracterlstlcs as
previ ously described. A gate el ectrode 505 is forned
above the channel regions 503a, 503b, and is separated
therefron1by a gate |nsulat|on Iayer 506 The

o s o, o oy NN Y
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conductivity type are forned within the regions 602 to
forma PN-junction with the remai nder of the

W@ egvsoztict or regi ons 602, which is doped to BXNURIODS/@15294
second conductivity type. Between the drain and source

oy o508 805008 L1 SEADTSL S 2R S5 e e
dlffefelef Hﬁ?ﬁhﬁé‘l VOﬁ%ﬁg?r 03y b6 O8ed 2t differemd thie cheivnyyfer thy sometrapsister configmbt@n by locally

Hmmgﬁg@@@ﬁﬂge 605 whi ch is separated fromthe channe
i.on te insulation | ayer 606, The first
R PP« e ML R0 SO CRHPDIG FHE: S Bfgbe crosed
by appbfma dxierndl Wessy fot inprence hBrapad atsheeifisaly etnds-@haining kappRg ia@d enclosing the
tranmst@xoabmfl!ﬁaKO(ﬁXIﬂ Q{htn,r éxﬁa%dltﬂeﬁ@tstrgsgqga Cﬁe' éﬂea'ieﬁ Jd)flgﬁmlly or talpeglatwely by a

| ustrat ed
comespEpRAPRIPOR of SIS PEiFs TG h‘ﬁr%@n aﬂvmt PP esahRsH dhe like, in or in the
vicinityya e digesnd andaﬁaﬂmél/ﬂ'ﬁw(xé:dogﬂ 6ES, tﬁeﬁieb& E]ﬁamﬁ&)ly acljd@&g&l&l'f&pectwe threshold
voltageg r 'foeee[d u@tm@tﬂ Q)!f Hed kﬁ%%#e? H}$ téésso G %Bg ?og 118%{%16;1%(3&/ 1_% fadvantageous when a

I rst a nd secon
Plufahtff 12 BTGy voltteesm PP dert CtsHel 1 diffatab i dpoations or different substate
locatio®O$1e Sdspekidia nalbléihtdn&{sﬁﬁ'd&}&éadﬁ} lfeﬂieff@rm&hﬂﬁh Hiffererdt hﬁsk schemes in conformity

stics of the respective channel regions may
Wﬂhﬁﬁggkﬁ&%%&he determ ned by dopant concentration, but

ahs@ fﬁylt dehispsers apvantion @rosidesiee #ﬁlfévsasmm@nqoaducteoﬁqms ittaf way, mostly be
advantdg&tuﬁfl Hl@li 115 t:(fnﬁl)inﬁhonaﬂdl dde stbﬂagﬁeellf Qkchial RORNGRs, t(g ngﬁcantly reduce the

T e SRR
ﬁﬂnm@®wma%mﬁmgg$EMﬁhgwmﬁhwadsmmgﬁqmammegﬁbﬂhhuﬁﬁdamsmMmmmnmwmmra
mgmﬁclalﬁ)ﬁ%f)roteﬁlrenttlﬂ Qntfdeﬁs%;r aﬁﬁ@%%ﬂnﬁ&glnﬁp 1R 038eve ML e%@en technology node.

M EQQHP rocess requirenents, the |ayer may

oreofsE g R A B PR Y S0 PR e D T R RPHAI S bifery tppompartl
to dynanic RAdy) deviceq the geainfci dedces tus@l g ertydoyedi® eki@ydlopdBg memory for CPUs, may
be readﬁkf %pla@crdl %erel;yhﬁ'oxfr‘mnlﬁﬁlené %gs!t Oy @e%&aﬁ@yad%ta%eg oMoge%ger %Sle simplified

a strained si'licon/germani um | aye
SRAM il qt JoPrsTt Hvedos it CBBriea b A lwagpsqo@wers@aﬂwrtahles a cost-cffective
utilizatigyp pf TN dtvéceC D@8 tdrion of BpplE€ord) wiB@H hayQhirrdnll@ el6flaRnetic storage
&Wmﬂgggt 603a and 603b. Thus, the various thresholds

T2 for the channel regi ons 603a and 603b may

eT‘Teé’é'i“F‘U"é PyooEnen fidesedibpye aoystasiye v, agthy ingalienopdy fyg madified and
practicegli Gliffete@UbuiBuaicat] m&aEP @ﬁialtethB ﬂﬁ)@édélﬁredan 8P a& aliff the benefit of the
teachm%n%ﬁ?enp ai’orsetxeru%; . eS}I)rIE)]c%sesas ! é %‘%eaﬁn I neer I Eeggb oﬁx?eqem ar[}){ferent order.
Furthermeyiey @slp@ﬁmnﬁ grep]at@@ecl‘:,@ the fintaite ghwstxa{:t@g opdesign herein shown, other than as

descnbéiﬂiﬂ &Hétcﬁgﬁcﬂéﬁlvy Iﬁﬂﬁ%@ﬁb?e%vid&t @ﬁﬁﬂhgﬂirﬁlﬂlmt Qﬁm&i&% ﬁsclosed above may be
haracterlst For instanc

aered S B8R, bR Eh S 5 Gosi9Re), lin GRostoRd it of tho inventon
Accordmglﬁyft@rpemctlm seughfégxemnsans@ forth frethesdarines Heloansi st or
configuration by locally nodifying the strain. In
ot her enbodi nents, a specific internal strain in the
channel regi on 603a and/or 603b may be created by
appl yi ng external stress, for instance by neans of a
specifically stress-containing capping |ayer enclosing
the transistor elenment 600. In other enbodi nents,
stress may be created additionally or alternatively by
a corresponding inplantation of specific ion species,
such as hydrogen, helium oxygen, and the like, in or
inthe vicinity of the first and second channe
regi ons 603a, 603b, thereby specifically adjusting the
respective threshol d voltages. The adjustnent of
threshol d vol tages by stress created by ion
i mpl antation i s advantageous when a plurality of
di fferent threshold voltages have to be created at
different die Iocatlons]gg gdif{grent substrate
| ocati ons, since respective |nplantat|ons may readily
be perfornEd with different mask schenes in conformty
with device requirenents. As a result, the present
|nvent|on prOV|des a self b|a3|ng sen1conductor deV|ce

1. i g, e Y
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SRAM desi gn of the present invention in conbination

wth a | owcost power supply enables a cost-effective
wa@iokiozats on of SRAM devices in a w de vari et yParf/US2005/015294

applications, which may currently enpl oy magnetic

storage devices or EEP . .The particul ar enbodi nents

di scl osed above are ilme only, as the

i hventA smicedpcthralenieedBGO), @emmiside: pr act i ced i n di fferent

bwm@g%iw@bzs rmEBA R @Jb&aﬁﬁ&ﬂ@:h@t@ﬁmet sgmm%&or%{ehh %ﬂm Ad doped with a

he art having the benefit of the teachings herein
For exdfbPeot dopat Prgiehss steps set forth above may be
paesmﬁxoer REh (304)dorthied fneshie Ribstadtidiyr cryskalling keetidstduetor Merial (302) and doped

I'imtatjy %%lfégﬁ Jg‘%ﬁﬁﬂﬂﬁa% 10 the details of

construction heréin shown, other than as
cFel&etchagad) ragjen (wéb)dvcaﬁewtw 34, draiy repign (3AHraad enidesowrq rggipn (304) and
t hat t dopedpath e Giksk Bpe cﬁﬂhﬁﬁilzﬂ}ﬁﬂﬂs di scl osed above may be

a steconc? cqxa o rgti) %kﬁd?:e)q%catecg be%veen sa}égh mvrg%rldntetgd# ax%% sa1d source region (304) and

consi dere € SCO p@g
i nventddppeent wctho firdi ehgiogl reglPreGS?bd bqnarﬂOB@u‘glﬂt a prsewdi tppe of dopant

s ?‘S rﬁf%nalf cﬁﬁehhg frdin Eataeﬁrﬁ\yié mo@elndwnmws 1. A
o r.s egi on
(B e € et e af B R P pdgefedlons o

sem conductor material (302) and doped wth a first
t;y pe ofhe ARRAucIRES @dclamal m&&@m&es&g @Batd 30dhkiod RFFRHs) that is in

subst ant i al | i ne sem conduct or
contact Wﬁlf s@l%lgétF elf%rﬁ%%offﬁﬁldd%f)? ngxfliaﬁ“e KEFPPat type of dopant
material; a first channel region (303b) |ocated

bﬁt Weeﬂle §§Ig(%n&i1rct%f &v{%g&{ cgﬂn £ %@14'&311(1 @J‘(ﬂﬁé@ih@S&&H - fefined %91 %Q3033b) in

combin{it Sy SRS el SO b8 sty of id fs
and sectp@ bhvaehregiaistvhelt saidnota] egidarivify30id ) loanitlpSaicestgour ce regi on

(304) and adjacent to the first channel region (303b)

and bei ng doped with a second type of dopant nateri al

dt- f f er T errisontrciendetios ofcim & (igher dmngeipahtondnsti e riein conappiing one of
said drafh rEdn@308) A6 tAiddercd 308 (30406 £ ghioclenadl(®sgont r ol of

the first and second channel regions. 2. The

sem conduct or device of claim1, further conprising a

gat e i Ths sAndeondintor deyies of (BTG furtheronpsisipgy lseitiragsistopf4fi4) having a drain
terminaB @i 41), @abi@cctrk:@fidal QAfR) Ql&pﬁﬁateat@ﬁmﬁﬁmmg? €20 B 6N @RA %ﬁd source terminals

The sem conduct or device of claim 2,

°°nn°°t\‘7\cﬁg?aé‘PcﬁSéggwa)‘eﬁo?st and second channel regions (303ab)
in conbination define a first threshold voltage for an

apru ptTh@ Qé?xgébgddc%f bicE hange s Oxhleélntt&t AMer &Qr&g ted drylh Bﬁﬁ Bifrce terminal
econd channel é‘l‘ﬂ%l ons said t

al
(4149 iEGRSEIE] £t DR PR FR B 0D Beots o8 s (416)
sem conduct or device of claim1, further conprising a

ooNdUCHL Y& AR AGANREEA 16 é?@o,@gfnsﬁ%a' d drain region

sal d _source region h said gate '
é Sétomi 6’6’@ 1755304 Brmepp 2 sspRdBisBitlD pryeRdie emiegndycton perial (302)
1, furdndéspedwiahd fBitige &dﬁ@hﬁﬁe&eﬁaw ansi stor (414) having

aa Qg ?h @c{u'i'c%r 1o|;]1a(l3 4&}1 Sc) in sald Ssc%?ndc substt éar?g cH/staﬁn(lf sem)conadggor material

t er m r{é@%m@dm?écwb@e l’i§t twloéldoefmﬁdﬁtmai ve region. 6 The
Sﬁtfﬁk@&lﬁlﬂl@l&%@&ﬁ @@%D CRat&H befiledt $9dBecoh@hif! kd3ioh 4PLda&hid XAud source

of sai d rm 414s) is connected

to a rex 1%1/(%4?%n§%f’qe§ g}ﬁE %i%r)gt 3 8{]@5‘}“&“’@%{? el ectrode

(408 chyng arzive (38 lowtedbdedereid dotoné diih kegfon (F04) Fdesaid second source
sem CoRALMGEEN aieWh Gt tQEauPtln?d cﬁﬁm]ael Ebn(418E) aﬁ@ﬁgﬂ{g' d%f)e@gvlth the second

second drain regl on ?f forped in a secon

subst dHE° g‘liqp'gl}l it df Frfnﬁgo%éﬁ‘ﬁ%ﬁﬁ@’&éﬁ%r mat er| al (302)
and doped with the first type of dopant naterial; a
second source region (3(},4; fQFyed in said second
substantially crystalline sem conductor nmateri al
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(302) and doped with the first type of dopant
material; a third channel region (303b) |ocated
whedsez913ai d second drain region (304) and saPdI/BEsmosions294

source region (304) and doped with the first type of

rth hann I 303a
oRaPL e TeE i wRiontd e Sae ara n° bEGrOr ok phagprdesions, wherin
sai d seddhd addrugh chaegpl egiofs30 4mbamtonalifisecestont] thrghildl voltage for a
third ghaa Qﬁrhpt%@ﬁﬂu&ﬂﬂ& §IQ§§%) of %ﬂgtalb&h&hQnQQ RE Qala“'th'irﬁ agch furth channel

second type. of dopant” material differing from sai

first ¥8f “’ﬁﬁﬂﬁaﬁ%%éﬁﬂ”ﬁﬁﬁ@wﬁﬂﬁﬁtrode (305) | ocat ed

to enable control of the third and fourth channe

regi ong .. Whehel 440 and fourth channel regions

|ﬁ co‘ﬁﬁﬂatlon&@ %ﬁjgmggsecond threshol d voltage for a

sl demseuficdfduct i vity change of a total

Canthoiiiioni stoyag® élexﬁe’it &*uﬁl@ﬂ tb 6hicA3Rctfu@nbision (4CHRBhformREInARTge element

when q£ % nce state. 8. A static
RAM ce T(?%E & “?mgoﬁdmwg 'sel ect transistor (414);

and an |nfornat|on storage el enent coupled to said
sel ectTHe rs@beRASM QEll (49h4) clai®ab %Heﬁfn@ﬁlmérﬁh@uoﬁts@ﬁl@@é?ement comprises a

controll%;le n%%ton ua ev1ﬁso\%|0(gc)§$]/mg(%ged t og%'l gt@torgﬁ%rl)ng ltlc%{‘\;ﬁ}szqiezimrc}qug\éﬁl%a channel
region (97 @Mmzaﬁemhecmdg (40§ eccafigmd it caotriprepgiesiviy ofosil cidoha dgion (403), said

channel%@g'iﬂn‘(ﬂﬁfjébﬁﬁe@t%d gevid Gie 64960 (Ah)@)/dn@ gen"i’gt coh@g@f&:ﬁ tcps@ﬁ b1as said gate electrode
l Onar&conrf{éctl ve state and havi ng a channel

(409 Pergiol O e YADG 'S eT e oAUy RECHI G et gherein ssid
%mmmdmmnﬂowmanmawdmm$WV|ty of said channel region (403),
Sadrfh CRENAGID) £81 on (403) connected to said gate
electrode g 8 and being configured to self-bias said
gﬁ?@“@?%%ﬂi%@é (405) when sai d sem conductor device
(W) shid chaing adgtbnd403) B &SiedREveat ALl dodifelio E04)Ghd @1 source region

state, (4&@?511%' lpco%ﬁ%tﬁjed%g géf(ﬁé) ?i«%ﬁt (Hrst q]? ého%? fofr gnr gbsoqutee fgfl%lﬁt of voltage -

conpri ses: ce

( 404S)3pPKsA é?*é? %ﬁtesféﬁcwode Kﬂ&ﬁn@}d fr gmlwld( ey lquer Fipif fopelgate voltage to
bet weetinsaht6l sAll BifBiated @i QK ohAAE aryaBchuaat farsOUr Ce

region (404S) and is configured to define at |east a

first threshold for an absol ute anmount of voltage

alfpl i etistetis Recel 4458), edmwasizende (405), said first

:ehfaﬁm El@m@l@ {40@) havihgQWBRIE eledtidlid (4659 la d?amg@él(ﬁl MDY, @Q&urde Qegion (404S), a
ransi

t t
condu Cct r%%lcglta(é(%) f?_lf)ctr1cAll?ySt:toElntei;t%cfal \ﬁm S ogﬁg)g (%65) anda co%trollable by

conpri 831d rggfe clactioda8y) srtramsiseneiprent @O(D)belhavqnﬁglr@ tg selfebias said gate
el ect r@deode é@@ to mBin@Hn idchhuR8r&bn (P bnarPeoRBHIVE Sate.

regi on (404S),”  a channel regionh (403) electrically
connected with said gate el ectrode (405) and

controll able by said gate el ectrode (405), said

transi stor el enent (400) being configured to self-bias

said gate electrode (405) to mmintain said channe

region in a stationary conductive state.
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