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charge carriers (electrons) provide for conductivity
of the channel region 103 for a zero gate voltage, and
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el ements, such as the transjstor 100 shown in Figure
la. For exanple, the invertérs 111 may each conprise a
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P- channel enhancenent transistor and one N channel
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Id. Likew se, the select transistor elenents 114, 115
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S I ﬁfﬂ"{df“g &cPng Ppstratiys erpbogimentt pftee present ineentinpy sseletrdidioe device comprises a
dramdmrfdxrﬁﬁd a8 sutbhtaahally&ryﬂhl% Wesedubat Iﬁz[tenaﬂan %@@FJ@J d f}fst tytpp &r dopant
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a se |aS|n uctive st
rsiop 3 i ‘ﬁa*’ﬂ%ndhe FPPLSY 8 6B B AR (ohe fRhimel repio and s
dopedywidisesrtonil e pit dopnt, maerglempoGtdUCtDd cEleNi e 150 A diS@SHidh the first

cmdtﬁﬁﬁﬂy Rpd. Q?giaﬁna &Q@Mdé 1plo@te§ HQ&%I@ @&n'tr@lak e A %t\ér?c{ s@ollciy dHinel fegwm,

1 con I'rst
Beteys & R eEP L “i‘fé“"ﬁre&\‘??dag ooty SegofBbY y ppisor clemen
COmPi’lﬁ?bédfalﬂI’I%md eyirerredion mh erhagengrion S@Eh & FSDe teEresnaigi don region and the
sourc @EiOREd Wwiict 1@@11@'{1@5 toaiednk & lcl:aM: a @ifsyt%@ablh 'oﬁaeﬁr§ %Hlp@ %QH&L@ Ehange and

a secmhl?ersﬁoﬁ] of ? %I)gqmg q:)rup% com?v.?tthy f gs tcn} g o%‘ﬂ?}f‘?g{?f’t gl?etti)gésgtog %ement further
compyigey ggate 6%%?%@&‘3 ip @@ﬁ“’é tp epablejcpnggltob e Hetmplaetion bhepditiad oupling.

]Ic‘ eficaninga flot bld@erSitFGR: e&ﬁ@h@ﬁt oBRElprksSnt nﬁj&ﬁ&? ah %&’ut: b\AMh:QI comprises a
selec r inform i e selec de g

1 tcdg%% L(I)C %I%é\%l%t r%r gtgp @t@x&ﬁ n’?«’ig]n%nt & Ipie% %ags é \é otn ns&%%,n%}&em the information

storage QFPGHnGhgley 1?5?:‘5%“6?}“' pesitiRelmitte drain region and the

S odearding te gilichotian tiusastjva adint:® of t]ibq;rffsénf StenGRAI AL REA géllQ:@mpnses
a trarﬁ&gr éleim&%a%? gatélvlelgc'i}oc% g, o r}ggm'ilyp gou%e rf%gﬁ)eané ?«:?annei regmn that is

e a Seco conductivit

electnf:a?% ﬁ;fnfmﬁ@gl ﬂﬂ} tget gate 8’6‘%‘1‘6% MOVP‘FSI the Vﬁ]@storpieﬁig}t rsyonﬁaurgidg gelf-bias the gate
electrgle fegtaintdhabej cianbebegivreid 2 ¢toiognabldecticonts ol of t he first
anﬁcc&@ﬁé}g get %ﬁ%ﬁlsmﬁ@&:&&ﬁtﬂen | & t@%&%m&%n EaEc 1%\9 ogmprises

mmoﬂe g rat ve enbodi nent of the present I nven
P R LY 8" ®erent  conprises a drain region, a source
reglon and a EREAMESCREGIGNOF BHEORAVGNGST med bet ween
::: gﬁle dl{f%t‘l(gl nfa?&l &&r@&@ b}t r@l@renc§ ‘B 'ﬂ{e?cﬁlofn?%{ie t trﬁ)ggaﬁm (,Cogj#gxcéon with the
sooonf 3k PGS 3 P e Bt pyr R ARG Ui aeme B0
t HiEHatdenyfcally shevsonssatrtiopltviesofittuita ewhteytiool fisgefeafiransistor,
the channel region. The transistor elenment further
conprises a gate electrode that is |located to enable
control of the channel region by capacitive coupling.
According to yet another illustrative enbodi ment of
the present invention, a sthtic RAM cel | conprises a
sel ect transistor and an informati on storage el enent
coupled to the select transistor, wherein the
i nformati on storage el enent includes |ess than four
transi stor elenents. 30 According to still another
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The invention may be understood by reference to the
foll ow ng description taken in conjunction with the
|ng drawi ngs, in which like reference

accong
2°%dentify like el enments, and in whi chPCHYSH5@15294
| a schematically shows a cross-sectional view of a

t ypigeralib canmgRd | ORRmaitchi®! Hovehib® Qf thb rp%s%ﬁ Qf the dr%m\éQrent ie., the

T o Ca R

and fopap Nishapp! F@M‘Oﬂ t'ianséfof regpeivedt ogr essi on of the channel
CORidute 1d séhdnticalVeshSitS chrfi® diagih bredypital Bk AGRic RAM @Nincluding at

1easthkﬁ51§i@lgpﬁan§mgin&ggent transistor and for an N channel

tion transl st or, respectively; Figure Id
£F Sehemgtically oYiavsas CRmE \fiograri o Sprpest clementyinfledisk a selfbiasing
senuC@UthanitﬂrmbmadcaﬁdaﬁteMﬁthAMtﬁ@dnibodnﬁﬁlls WelihEyfesat invédtidn@ast  Si X

| nﬁi@é& %ﬁen%ﬁc@ﬁﬁh sQ guaﬁl‘a ﬂt o ah }ogxlégsa%n £ clmnf]el conéuctwﬂy Versus an

circ
i %%’énﬁt“’ f'ﬂ}%& % &PW@ " sckigjoped tﬁa%‘g"r“ﬁ gcondgl@m% S LFetoing de \p dlistrative
embogimesg oftby et @vantidnh i | | ustrati ve enbodi nents of the

pr ?’ﬁlﬁ&t‘ja'aﬁd/ ﬁf@ché?xﬁma}@ ﬁw @oé@eﬁ&gq}m ! ?ﬂnlsiytﬁselll%% &ich having two

essi on o

vt I PR P G SR et VBB o1 VORI dgbtgme mossor
respegiiyelniarsorging wipprtipplapgebddigengof trmesynt omdmct i vity state

aCExQJr&jBJ]@hénﬁtuﬂﬂ} 1ﬂiﬁslréie%tarc§$uﬁt\6ﬁgralﬂ Qor%mﬁﬁ%al Qf 4 Ecﬁ@ls channel field
et BRI oL B0 LU, 20, 0 20 Shept | oAl Ty

eaBR T hilshegatioolly ﬂhisﬁfﬂfﬁé £ 9’91 of 2 desprsticondvativite For paslypfotrswé drnnels in the
doublamaiﬂettgamtcﬁmubin@hﬁ‘ehﬁﬂﬂ@i transistor and a P-type

dOH gc?png n%al& sh%\qrss Ia? o?rda{ tﬁtivelg p]?usstéaﬁl ge i}% \flé %f&;gg %I neg !Le channel
condiff Wgtﬁ & ﬂfgcdog% St} 4 AT T R 8t e gariation of i atecliobrgy agprding to
illustrhtde ergbogimegpd; | f i ed nodel of a doubl e- channel field 15

ef 1ﬁ1§§c§ ad {Rdint m%fhPEhka‘a 8&&9&%@&9 53 Mt&t@ ﬁAEJI Hélt éﬂg a double chammel

n;nts of the present inventiaon;
“3“51§%* e REIY 2 ARER Br B’t““’eﬁtf““’&nt’@ﬁa‘ﬁﬁ@ll the RAM cell comprisss
only tyohsigtrieleignys; f or each of the two channels in the

do[@@ir@ﬂilﬁ&ﬁ%@éaﬁ CRRSh ShE daflafd o b 'iEBM f:éllelgch]cdﬁ? hi,0 Flan six transistor
ows a plot qualitafive

ure 3e s
e]emmls ?’lﬁl SPras @1 atfﬁ;gmrdﬁuétfaﬂ%c@ﬁp‘?‘!@f‘ff’% .e., the chann eI
c offigherct qcbqrqayca@f shovhya c@wbllﬁenabhfa\mfe-h SO teEnss tlanentbatile two inversely
doped c%ﬂﬁf‘e@mﬁs@oo@x dAhgl Eo' oad 11h@ﬁat1@é%nﬁaﬂﬁnéﬂﬁ§rﬁ vol t ag e according

t at.ive enb
s it R CHslEe SURBEUERIG g BBy Bost hrvne ety aond
channelé?grons hielt g riﬁ@l naat &emﬂe ef restpsip] weshpositiqnandiitethad ptrajnn
acwufitcdanoentish isBustpfi b LEibts aodigdbod hzﬁféﬂt;maﬂ‘te f&rﬁe sﬂ&ﬁec'&[%dmwnts
ﬂzereo'f BE géeh %Wn\gp &a ng!:f%xamtﬁ mR{ﬁ‘e dr%\ﬁ%gs fgp Jr'n rem T:(frvg{ KS%VP 6[tt should be

transi stor
undergiqol SV erglihg e SRR 61t RREImeTt gotllfé@éedttﬁmnt thpj isxvention to

the pattivelmrShigk Glsclos2b be loe e Eldn&ary, fhe 3R &O6Ia RCRvaMall ﬁorﬂﬂcﬁlﬁbﬁg Q@fvalents and

altem:ltxlvés lféﬁn% Q’itiu}{ @m &m% Qrgl Eb&H%&? tﬁEE% EEQ %pgen edl c}{n 2 h OV\B

a cross-sectional vi
havi ng two i MEPESFYR C&B‘B@W%ﬂ‘éﬁﬁgﬁ LEEFHRY accor d| ng
t dipimaivé dnlboditnemestof the inedmridaciciesttibtied By, Fi gu n@re of clanty, not all features

of an 3&@1@ Hﬁiﬁéﬂﬁﬁﬁt!cﬁ( al%m@q\é@oe@m%@%mﬁ&&&' qp @r}él gﬁ% %ﬁ a%g]prec iated that in the

iwdo n #stor el eléﬁé havi ng I nver sel

P’é‘@ S il A LT Ferop, mglempat R e dsfisinpa gt ba pmade 1o
achievg @Wg@iogqr&’) specificizonln twh Aradomplianca iwith ssB3OmYWdtddend Buginess-related constraints,
which bRV ki onk FupdRaaRE ohdhel, Quifakd-Olsm TR gﬂpﬁeh&% the? g:%%gﬁle%lopment

alternative forms, specific enmbodi nents er eo ave

been shown by way of exanple in the drawi ngs and are

herein described in detail. It should be understood,

however, that the descriptian herein of specific

enbodi nents is not intended to limt the invention to

the particular forms disclosed, but on the contrary,

the intention is to cover all nodifications,

equi val ents, and alternatives failing within the
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of an actual inplenmentation are described in this
speci fication. It will of course be appreciated that
M} 2 eveI oprment of any such actual enbodi nen
P& hpl enent at i on- speci fic deci si ons ntPéJtTflb‘;é"“‘;"M"Z“
made to achieve the devel opers' specific goals, such
efforiasiglit GARbiARCRd Wint-tonSinfib, 6t Waldicedhaans b b sduRRSSddRka 8 dhose of
ordm&?aéﬁmemﬁwm e%ﬁéﬁ%}ﬂ%\!dksho ary from one

emantatlon to anot reover, it will be .
agg’?eé’&t“ét BEP IR o e ik St fo U aygid Goess0 YRS tctures,
systeiRGIEA USROGE/ sOLEBaRAly dghcted inttherragyhips focpueosspbiaxplantn only and so as to not

obsed ﬁ@px@@ﬂ%tﬁg it Hétaﬂmgtl & pavesthel t§0§é l%h%d & oYL Ilee%ertheless, the
ertaking. far (% ordi nary i the

stacgg PHEES R ETBERE spengrang wi@n ety gwales Hvéprﬁw@gr@?ftm The words
and fihyages e dereipishobld rbo wndosiodliosd inichpetbdvip bive mefeetignosistn vl @he under-

stand&ﬁ Bﬁﬁb@&dor(fs |awhﬁ§es bWs& sQiﬂgd Dk Sl £ No s;%E‘ﬁ(iQﬁﬁiorﬂﬁ O epm or phrase,
adeﬁ/}mmg% e‘PI cted in the draw n For
ie., at 1s 1fferent %{'h ?r [‘%ﬁﬁl stgﬁgy Qganing ag ‘Bld?ﬁ%t"d byst ose sk:lled in the

0ses 0
art, l%ﬁ@é@ﬁ@bwm@%bw@m&m|umee:lﬁ the tma wirhthse detiai TogheteRiat: thatrderm or phrase

is intapddlio ﬂﬁmvbﬁbciaﬂnéaﬁ@& 2 Klbﬁnjnﬁéihdr ﬂlaﬂtﬂﬁu@&%modlﬁ?m&a Maﬁssﬁch a special
deﬁmjt.tm] ﬂfﬂag gc?rl'ei%gr s% er in tgs e%:ﬁgatx n m a ld%en%dbﬁna? B‘F"’é‘%’g}ﬁ n'ectly anq:l unequivocally

(=1

Pm“?%&%ﬁ?@%ﬁﬁm¢ﬁ§& fﬁ§°ﬂ&ﬁﬁ phrases used herein shoul d
beGaaﬁmmsm@ﬁ&mamdmmﬂkeﬁ@uatmdmh@mhmaﬁm&u&aaﬁm&&meofapmmmyof
logic 919:?13 boztg ﬁ{;gsp%h?ottr%%eﬁ%ggcr menﬁ){yﬁglﬂlr e? thgfhket Q’nao Sb% s1\évo can%ly sxmpltﬁed in
that ‘glﬁ etiar® %‘@Fﬁ"ﬁ‘i‘?tt"f gha eFicqrdgler gl ﬁﬁtﬁ&%@ay by m@diﬁed do obtain extended
functigedifyn it pagivulithéit inveatodichfi@ipigiad tof i@t b REL GG Ebaﬁc)éndam} switch, which

may %&am%m@%@am@m mst%%tnp 90 trh;? gsid St/ Uagﬁ'm faemgn with
s. intended t I nmp consi s

o algﬂambff’gltrh@lﬁt@éﬂrarﬁmzs*fmtﬁﬁa&s%cqwaéﬁdrfS SNSRI —
applied, v@@;smc@pgepﬁ soadietivity gatq ingxempdbdnitioedh Bavigs aayslpe:culaly the number count of
mdwﬂﬁﬁﬁlnﬁlgalerﬂen@maa sBtid AN %aPﬁJlﬁJétw&ﬁ}@E&EJ& Q&nﬂit@@j &k %&9&&% cell

o 51, U ATt g T on T L
COmP‘H@Fq Whtfﬂamﬁé!mamw&e‘qunt directly and unequivocally
I EipirdbR SchbsbicaBP @6t cirel@ biaghd biQri}aschfaﬂJ 1y b8l (anpnsmg a bit cell 210

for st&ﬂ%%sﬁbmﬁorﬂ%[ a‘h%e)é{t F}eﬁlgﬁ) i c!m? %eteon 3 seﬂe %rgriz:sistopzm d"?" gm ngn i8 Qonnected o

ar c
a bit ise 2h24nd 4 391“6 fine 246 e cgll %P i cmrEisgd 6F ¢ Yewisenductss gleseshtdichugingf channel
regionf :@g itlet & eSfigisddab px@vﬂl‘ﬁemaﬁu}élldbﬁ lcbiuctigifgl whdden & bdeulecttiRY 20385 provided,
whmh%hz@&k 1fhé &ﬁ&’cﬁ Lﬁltheschmgél l'egﬂ:u%?: lay caaécm@% crogtgg %cﬁ‘eov?r a fcedb(ack sec)t/mn 208 is

characteristics
providil rerep e R ELcH el e regighbav P hERFdifieg resigtivity or the like, to
conneptairetchaputl @gion 208 @ia U@ tedhiss) D@ gale edcrbo@ 205, Gvitidehor, the channel

regmrﬁl@i’» Ea}kﬂe @&in&&d %%%e@ﬁ%%%e%ﬁur&vﬂu%hcag the ME}cQ le}flﬂ%%h&?pgﬁ%&%ge VDD,

di nen resent

by« oy PR ROE Attt B RS TeaRenlEP P 45 FRIFPlapn of o speoifid
controg hrtpaved the gxgp cdeatrodoBSy i qqndacmxtmcd the bhave! spiat 13 clafRefrom a moderately
high m@bcfahc@tsﬁé,mtb S sﬁ% &t RddBRdy %1%11 c&lagcu%% RJH{%h SHpRL )élax){t%éda%n after

conductivity st

merip e S s 3‘ P e b et talp, et ‘P“ciﬁ’t“ﬁ?nfi‘if“’f fifgice 210
exhibifg grpreifiedchshayior with respesttp (e chanddotiétwiof thdrharing meivh 803 imreRtion to the applied
contro$ Ythde &7 GRAM 6L4Nicd Y isRemdloRRbve ahik, Bés Ly Qﬁﬁmm%f@gwé f Figure

conventional RAM cell designs and may bé | ess than

si x, thereby enabling the fabrication of fast storage

o digueedt auglitelively dbsirbestharhshiavigr of Hrabit poll 210 barsabtainidéy te ttave-described
confighia@dn. G Fidyrd a e Wtﬂ@df@l@%ﬁnﬁél QbR 23@15%@&%1} %lvkrl{cal axis in

arb1tra(§:}h.91}9§an§thg J:on&'olf Ltrcglttag%l Pppg]efgo th%g feI?éctrod 50? 1s ﬁ]%ngﬁn'\ﬁle honzontgl axis. The

risin or Storl
|nfornat|on b|t The bit cell 210 is coupled to a
sel ect transistor 214, which in turn is connected to
a bit line 212 and a select line 216. The bit cell 210
is conprised of a sem conductor elenent including a
channel region 203 that is configured to provide a
control | abl e conductivity, wherein a gate el ectrode
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exhibits a specified behavior with respect to the
conductivity of the channel region 203 in relation to
e Lied control voltage VG once the device 2
%%"ﬁ@ﬁg&ﬁduct ive state, as will be expl ai ned"}}!}{[{ﬁ%ﬂ“/@ﬁ”“
.reference to Figure 2b. Figure 2b qualitatively
semichodct e 1ihes dostavd aih bt d Bepehifitd tBredhbld 2dilded VA twhich may be set by

strucfagt ﬂéaghfeg askW:II LJ‘:@SG@@% }ﬁqnogeeé&ﬁ lmka]fergfereszg to%@gmcg %u{b% mg@ tﬁd,gnductmty

t he conductivit %%
of thy %hg‘i?f’lé?gt"é &3PV § PROPRERSGRAF I LAPESY %Pwularaqms?demeaw Iqgedjmpesimum in
such awely G @it © Adthep Incrvd dlalge oM@ witpp VG adht oiteteReirog 8l a significant drop in

condﬁ)ltlﬁ tif Qe 0% S ASh@ WhLe P(rslont R8s %8[&1&35 Qi @113 eSVDJ llqughgr than the

ﬂmsl\/\g}v gﬂ g,gggng PCT/.] JS2 sem conduct
SShR P& LRGP a%’lﬁ’&’ﬂ Py vo%eﬁelae@&éeﬁ% tgpyhold voltago VT,
the chappebrstion] 293 iy o athggle cffiyctivetyia o i fhe pppls &ﬂta@WDIStﬁ et bridsedlso present

at thd'Uﬂ@ﬁtlchﬁ Snddfia b fe&db&ﬁse@tﬁﬁ Q@S‘ Q@Q éb@elmgd@ 2@6 trils] eviiiab:) discontinuing an
nce to F"nﬂ ures conducti vi t

sl S i) L o B2 4l ST st e, e econc
sectiqarpgp drothe pate pleptprigra0F, cuiiersip rewifediliron tenditien {s Geallishod sinmutn channel

condﬁcﬂwty&idﬁhes&s Wwayolthdaat thé/ﬁafe Qle@mﬁelﬂ)f J@ﬁi& tol c@&&am&g(afscohﬁ]ﬁmg the initially
suppl%g ncgn[r(? volya%e P Qoe\mr\x/ C%o %ér exany l {zrg %t'rxgr eaE(age ﬁ}dﬁl\ ﬁ%&a Cornsﬁqv.texﬁg due to
tho alp {oFfege ﬁ@@e?qdwmanmh rltcrerissng a@@m@e gwecvqﬁezaﬁ@t Yhde voltage drop
acrosV/IBD chagnchtegie 203t &Auckd@d chalide &S&hﬁé{dat iRl dad GRotNde ZOBEJ}Q:&mtammg the
cond@fﬂt’l@ of AP ?]lm}u&ﬁlte ﬁﬂzo@f is eﬁsﬁ}ﬂ% reg acev%ﬂér(!:b%o/ ﬁw.amg)lt#n%gw control voltage VG

excess o esho
above it B thesgPsld valtaey, VR HF G FRSYIL & SHITEREY Popicie albis of e ehivepel regien 203 is
achiegad pisl ey bohtiaged W0Dhg a8 thepipgy adltade @5 iahrs\0defil BERate wilBllercinafier also

bereitxtﬂe% t@és'geﬂ%saseagtééofalﬁ‘%n Ge\(liz% t he feedbaCk SeCti on 208 at
th%ga%ﬁte el ectrode. 205 even after discontinuing

O BBt OO e s STk S At Hrghire) 1ger e wien
to by pry-chapimstied linei 232 vithe: volgrckbetziova the assingl voltaegi D for DG VIR and by
actwd‘h@@tﬂ@@l@dﬁ 1ide@ 1 § @%&y@&t@gg the Qélegthﬁ%nsgﬁi B4 %Jmﬁ 2 Jf@s‘#a% 11%9@ on-state When

the scs Ictor haquan 21% 15 uh %szt %tatle, ﬂ%;?érl gag? %?ﬁ?yd nﬁg':&e%%l@g Ea tPehtéeciback section 208
to the\ggip tﬂgfgedeétﬁ whél 1gmr@p@ﬁealr rhatdel 19 GBertte nebsdubiyityl gt aee! region 203,
as is ghaliiitRgy AbaCie BigdlrEIQH RGr §ub& deirbshad *oMage ¥ llfp PhekeBitlr, @R @Jlé'oﬂ.lranmstoz 214

e e.C
maey l%é%s%(b?eg Gndl J)‘T’t%ﬂe%ﬂﬁ. mgy éa%&%'&) nto a)imr%?pm)llpeﬂaace 591[ %0 th?tat itis pé%)Prﬁcbff)r a read
operefiche BB ARG ities EOTHIEL I ) T 2th tiemeaishing i eleptgesion 203 i
maintgitedtah @ ngéalehigCtaie O8en2B&mpRthe Vhltiat tdagol Wolkdh@ffse GipPlRd via the select
trans1§&r294s1§ d;%@xﬁm&ﬁ aﬂﬂﬁ‘l:vm(lﬁ}g Qim%ogx g d:gfegéﬂge sgate A ?13 gh calrl 91% mhstauonaxy

d %wre at t e%atee ctro
an ’fef*s“ tBratEtiesply velkes YR léﬁasﬁ*ﬁéﬂavﬁwp@ﬁy%%mﬂqt@
i Newieashdigl of the dploalcad, ihd ticline DY, MBi Hatins Bigh Gupbdi@e 608 bulidothe select
transzléf&lz‘iﬁxg% b\!g\mtcﬁm}ﬁ@ it bn- éﬁte d'hac v%iﬂxrg %QQL&’ hﬁé@l& aﬂl?e tv-ﬂrxb sé?ﬁgma?ed high

d % ry con tive state
cond 55 it o V£ 5 i Bty B o e ARG e i e
212 tiqestablisieths uitpdeyW D04t i @ VDD, vehich may baoketted bt cerrgfioadigy seisé kmplifier

(not sREBI &S & Bkic ﬁla@ Ebrr e%@ndﬁlg toq’ﬁer s@l@b:&s@d Qﬁe Slefor @éﬂ?ﬁlgflaﬁ%%cﬁlﬁed and

e L S e e P bt el o b e s e
bit ling é’l2lwﬁﬁ a@mmww@ aggrdotivaigng the 3ect lipe BAF. [ tiis @bﬁaﬁlggrmgd tdwetidd istsupplied

to the batd\@ecidoli@ 208iv1a e Bee MR RE G BOONERFenBlsislaRE o{tﬁg lﬁ?ﬂ@ilgm assutned to be
| Ctiva

vt @) B0, 0¥ syt L PG o AP i Gomey il - i oo e
channgl regiey 283 6rbr°2$& il Phight impegfrie gata twhich ft ebitdingd evea $fithet 8t line 212 is
decoupbtiom theld@pR @040 6§ MbctiVAiRNEd Sb@linedidt 1S in its on-state,

the voltage at the bit line 212 is supplied via the

f eedback section 208 to the gate el ectrode 205, which

is correspondingly charged to generate a conductivity

of the channel region 203, Tas'is qualitatively shown

in Figure 2b, at or above the threshold voltage VT.

Thereafter, the select transistor 214 25 may be

di sabled and the bit line 212 may be brought into a

hi gh i npedance state so that it is prepared for a read
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(not shown). Thus, a logic state corresponding to the

sel f-biased state of the bit cell 210 may be

identified and 35 read out. Simlarly, a high

WHERAPESst ate may be written into the bit cRETUSRPEF015294

by, for instance, pre-charging the bit line 212 with
gr @i A ebsyOhyeddtis af theaRtblcoaGibdoMatcbing o ta'@@mﬁ@ht@‘%ﬁnphﬁe@ @mc}gt&@ure for a static

RAIvl &y tlsl'!)'bt?mgd%r in p%-g%lgﬂf&{p%ﬁlgerfoﬁné 1§ua senucon'fm; ohd%gts may tteﬁeés then in

gate electro Sec
the c?nﬁ’FPé‘P’@HAM é"é‘ldégffﬁ’ﬁ%‘@ﬂlé‘ffeffnﬁfém Bigwre M n e 212 is assuned to
be Figsr gnichine ety Jiodsaweks-defiidfhl ViBe of £SinSdia BERnP500tRCmay be used in

torm B0 3000 ash B AcB0 alib bk atlhs@eéﬁgmg&gé@ﬁ o $eflo 2o e wansistr

ence annel reglon
demgit S‘P‘? wﬂﬁ@ﬁéﬁ&‘é‘fﬁéﬁt DY SRl P PP TBEE gt 3 R sHonducir
subsiiyiet a1 inppnti@] Qbdirgte hidBg deoelipirad of dganibhenpodpits 1RQ4mdhaye like, In

arudﬂﬁﬁ&ﬁﬂg%%%d%‘ e Izuhﬁraé %l%g r%‘péegegt A8 gxllon\éghségéo) %%Qﬁlgb%:logmsulator (SO

sibodgE (REB ARTRGP Bt 68 ol o Vas%\m@?rlj’h?fFP‘E%‘i’ft’ﬂ‘*‘iﬂf%"fid (Ffp1uits i @g will be
fabriggied b hebasip ploilifayr Itghglddt prpreRAdA. bateler,itst thbhjratinledf the present invention
may W Qalal&ecpcﬂlrtﬁe' bﬁ%ﬁélo%tﬂxe}/sehn@ndmfena@sf subt héﬁiug)léﬂLnﬁde germanium, and the

LSy LA AT M 4y —
speclﬁngllgpa@t xg_ate@ai Ryt @ siBeificd hrenativitycale fy ths braing 3. In the embodiment shown
in F1@E&B‘i§th@8&@xﬁﬁ>dm6ﬁﬂl‘ regdbrﬁi‘m @fdolﬁd forpﬂﬂﬁé §i’u9cfnd11%ﬁ@§reﬁlc§3acégg tﬁal}é‘gtton 302 are

form aupagd H)%r%e rﬁéugxs 30§ lo Enrén% a? (g ant ma?enal ﬂ%)a} 1{nngp % osfog%]be coR uctlvgty type to the

Semiqgwbleﬁarée% SOy Wﬁ'é Pase, B drw@ esewte ra80: 96 o bagibygloped so that carre-
spondingh BY ridbeonS @rk , forvdad @lhngl’ml}érﬂ&es BdlyeeR RN QP 22l Sust b@ieﬁﬁb@h and the

semxc%hkmao@&lo% 35&' lld&re%% %l%ﬂx%%%gn 303 %lfloq}%édrbgtt\xfgén ﬂf %rainnagy soulcc reg%ns 304,

ubstrate haVI ng ‘or me ereon cry St
wherché ﬁ?xkt:r(a}ﬁ 6({}&? @Pvef:t%ﬂ}aé ltrans:gtﬁrode{1ws B q@@amefl ﬁv;th wg;remeécu Figyre la, the channel
regiow Aol inndifiri Sy, thithieleBuebs treditied 1B 1ol fratade @ PRGN tibrapt ReHdKotivity change

ocouS et kt@l‘%ﬁvﬁfﬂ@§ﬂ1¥d@1tat§l} Ribn c%ncﬁlbttvﬁtfg Gotﬂﬁdeg gﬁ!{élsﬁgxﬁé‘d rfdid volt
substrate, since present y and I n the near future e

vast majority of conplex integrated circuits is and
Wi T ondyearitgar frabpding et tedbhapnel tefpien B e coobris i Fiistbamnel knfb-region 303a that
is znv&ﬁ&tﬁogodb@th ﬁaﬁﬁéét@ﬁheﬁﬂﬁ{jﬁnd RRAMEMEFns 31)4‘| st ﬂ@ﬁrgﬁzﬁa%'l Ra{) £epiofd $03a may

b o b B R B PPt i ok s, for e
the trgngistpy 1Prindisyenp d@dﬂlgléﬁmﬁhlﬁlmﬂwmnlbmmnl fok ghanoBlopgim@ODmay further
comptife@ s&uiShinad ﬂ:bs@ﬂan B(Bb ﬂlatSéJlb&Esaﬁ tidpad th Yhe ﬁfs%ﬁirﬂél LibEsion 3034, and may

therei&%% gcgggjegk% 9 { “de I’ﬁ?‘% anne SJ%MQ th% I?ransxseé: c%vn%rof()e 8ﬁeFf1%ugad3a represents an N-

e R elvmwb‘br%ﬂeﬁ%% %@P-ﬂ@ iR T 5501 e e tegion 3030 i N-doped.
The tendded blordnt 308 oW comphiseh b Gaté BecB&ic 30NBSE M eamdhw&ﬂfoi of the first and

seconl @Eﬁ@ﬁu@g oﬂs% %%gibtbg ag%g\(ré (g)gph%% IF &19 nrgbu&: K}(zvn the gate electrode

J ace nt e regl o
305 ks re &le RIS C R PURETgRsalatds ﬂaaam%w@rswacrf Slﬁ*i’f’atdmlde and/or
gilicon, m:pﬂe trg/oagilicopp@diritiemdortoiiiad disidiy mbyRpR a.ﬁcﬂhd #xe. Moreover, the transistor

elemeﬁte’;mb Qﬁ{f‘ gdﬁﬁ)h@rmdgﬁag's&@ex s?’% forlng:l 5&?&3\95}1@% ga cfo %e%t(rfdg E&S It ihould be

source re I ons are eav
spprogiyfl B %isfg%s AR N AR EROHE s & ot ﬁle‘afﬁ@e 303 nd 5 i
sourcq yegiens Pécassubpehitirenptived diséicon, ansht dioumnedbu Agi RREvIBAn accordance
with &Bidn tddBremSRIM EANGUGE Q{ 1s rt@ gL 9&3&3@% otﬂyp{rﬁgéf rc’on{%u%mp & instance

o GG o SRS LR U o6 i i po et et
Moreqvpraw ceptagipotiens nhgtnyp@sllm reovidk pi ekt comettion rogfieairediodsoluoe regions 304

and tHfel @tére&actl'cﬂe 3658 ﬁdﬁ@fb‘ﬂ'ﬁl 112 arﬁcﬁﬂll Qﬁbo&gghts' § omaLdd rgzgr 6e%rovxded that
connegtlsq one of &m c?aeuﬁ ange%rcaxesx 4 rgﬂ i %9} tdggo vol.ta e atu i ch
abr upt conduc v CRAMG & 6Tt fes 1“1“1"3 y shown in Figare
prOV|d|ng a noderately hi gh conduct|V|ty at both sides
of the specified threshold 3oltage. In one particul ar
enbodi nent, the channel region 303 may conprise a
first channel sub-region 303a that is inversely doped
with respect to the drain and source regi ons 304.
Thus, the first channel sub-region 303a may 25 be
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el ement 300 may conprise sidewall spacers 307 forned
on sidewalls of the gate electrode 305. It should be
5 %@Fre0|ated that further conponents, such as netal
HOPERRL1S i n case the gate el ectrode 305 andP§HES2005/015294
drain and source regions 304 are substantially
2a mmmm Fad f0fibadd sbohiI08. AERreOidink bdrd@tidnatag de QLB Y RS om of a so-
odmﬁ&QMha 6d.d.d accordance w th design requirements.
ernore, it is to be noted that other transistor
confEE P AT heBisallyf shipws thsFaiviees clomees| 300imhen qonfiewmd agie Aitype transisior.
Hen@Nlle souistareelaied)i30NG Fand 3b R@ndrikds @he AR/ coBb&OntdIR pmﬁs@y&ﬁnbed with
refer\%cg IB ﬁgn:% 39&%&%&@( ﬁiﬂttﬂe%in ancb@ﬁrgeor {ns 3@ We c%o ntl @u% -regions 303a and

oxPOntions t pl ca rovi de an el ectri
3035 B} e cTERe “ftar ITgﬁ’é 3%:&5.*%‘{6@}?&0%?6&?%6?@&136%6 gfcfm@a and
t het yeitabpretesdiow da dor3BEH tha kenidaatuctehiBvite. 300 B shdwtih Bighraba or Figure 3b
may @&H@l@d t@f@ﬁcﬁvxng @ro&:@s@sn %tt':r' t%m%éfonb)?aﬁrlsgl\éﬁoqggucﬁlggéot Afhovm ﬁ% define the

overclﬁcij ENSION gﬁ i 0 o p 1% lesour A roe %nIS; cuit elements, the
t é‘“d‘%\?é %E%“?%%é “3*’6% xidp glectrieplipsilation I seightoring giouit s

vertiEzd gepps progle\WDUE GOE/ORAE 1EeiRGTP WBP 06 Bkl 52 9411-Baublishedtibreimplantation
cyclds ODﬁﬂn@ftm&&ﬁmfﬂ%@ﬂQﬁsG&ﬁe&@ (éfsd Q@vegtggl doﬁnﬁ%[e%?@@&%&gegmn 303 may be

estab?"g n? ef%r T ?081%1% %‘ﬁﬁe fmdu T éﬁf{)g%%b\mgl éﬁetwﬁmat&%?}avon implantation
amﬂ%ﬁbﬂ@“@ﬁ%”ﬁ%@n@n@ﬂﬁwO@Wéwensm&@@ﬁﬂhemmwoﬁﬁwgﬁr@dmasnammmmml

atmokbhibry PEludifig iShast NN- dopdd@ék@:ﬁ corfeli@ndideai B SERE cHBlnSITRI i3 30 (Figure
3a) nQa& bE érgalf!ad ch;ﬁ)‘ gus g)g?ngs% urt%cetpﬁ%o%c%% fsenngggguctor rggﬂx_l%g rPaé' bé gre-amorphxzed

previ ousl erence t
to reffep fmy %@m@% &fels drring figtion Welagttion f B 1R ieRsat 1rasyielols defining the
seco3ifgnnd] e -refoa noee] Tigtdkfier, @ GirtRdA $on mtaMdequ&gﬁbay vapgkodnld@io create the

P-do rﬁrs@ %%9&9 [:egxf) iglbap qrhg‘tgxg é:%o(ﬁl zm?%ﬁcgtﬁg %leg%%gse %1%{19@\,&?&%011 energy

device o gure i cal” proces
may ?P%Oﬂ@*e{yﬁ@“&% i ﬂ&*%fd%’-@lﬁﬁ CHETIEE TO0 oS PSR e semicondscor
regioki3¢f4 r @n8mording Friogssrperaddiers m@\redlini dbgized Hyeefi@hhOyiintigion calenlations

and/d? rt&e@ ﬁt§§ e6r othth teﬁlyodﬁn@xﬁs ferr Sfat% cégmggnd\ﬁﬂy Iakfe?‘soln%“a Olditaxially grown in a
tures Snot hown ggmlne over al

ceps i RHBHE o P P S0P S 57T Hicondetorayrmay
be g’eﬁ”e en e esgrlicondneer|rator 692, deiOWﬁélbg e @piterigh podwticafiatP-t@le@emBithductor layer
with b BireliGridiRded, isGlaryd@PARMcoRE @S kB @62 el Be ;&ﬁ%&%@é&%ﬁ Ksecond chamnel

2 . e
sub—rg%rt%l ﬁﬂ{ §9| sgbﬁ‘eq}{en% T ﬁager ?‘cfﬁl? 1%24 cp%mé qjorﬁgminr#ﬁi? axmyatte fmed by epitaxial
Erowiide e couging atpprehorre Mofeeh: am pamine e il eegioh 3Q3hrdditional threshold

voltagdh Bripfrethtiohe gl Be ﬁe@fgmﬂayb bﬁresp&ﬁtn@lb' aldﬁﬁaﬂa g oRNRIMr&holds for the
contr%iagﬁ{ o%@éﬁ%elt %}%%iﬁ 'g% te%f[nte %lee I d%@()ﬁg g%crem’t%' t1116 gate insulation layer

506 g5 B4 B"’é‘i %u ode iﬂ5 é‘-afd'i?ﬁ%edslw Efglfof“ﬁtyé“@ remwtt%l%wtp@sha@rocesse& followed
by adyictdantbiadtdtyn gcleaMar SRMAMORNGIC b@lsolr&\tefiont F04A Aﬂi&ﬁ&ﬁd FurtBA processes

mclu%é%ﬁegmgl% f&rquéw% :ﬂ)gan@ anPIQ gl%tﬂhz% e{hl‘ rglgﬁg 8 dgng doc:?/dtélﬁne portions in

correspondi n he secon reg
the dyap; 4, %Oarcafsglgﬁf%ﬁg/ sepyisondpoas fgipn 3o pnd i chenprl Fepies 303, fallowed by other
procegygy fualc @s plivideiicd rund fhe tike re@ b eeafEhkell i0 faccb@ GO Ritl3 QA 1-3BaMisRe process

@;annrphized to reduce any channeling effects
u&é inpl antation of th ype dopan

B °Pff6‘f°mch v Pighertsiog e O H’é‘n‘ﬁ%Pe Sultp é’gﬁ‘ tfyrence to the
m@@bwwﬂ' Hé&ireabd, ehereingofagrondiay explontidnpiteinteat vobagesSBo BRHCEthe device
300 dﬁ?i‘éurp% @ﬁf dcsﬁﬁxéﬁ Rlmd fpild 3@@5:?&1(; I@@hang’ &&i&@ﬁguré 4a re?:fese‘ﬁt@ @llg Rkoe region

re ere antation c¢
e o L 0 B AP e BRSPOY - EP U PO Papppotnial
whiledhe regiquf ugheaightibend sidals dagiciedt teompbvbiaat VIhto an ds arain region. The
gate SRE6MHbed dapid tcV\é Uitk gd b B8 Waf %Q%CJ Qhtro? Qoltﬁ&g\l’(? nAny values for

e B S A G R L T s i

test runs. In ot her enbodi ments, one or two

sem conductor |ayers may begepitaxially grown in a
deposition atnobsphere containing the required type of
dopant. For instance, an N-type sem conductor |ayer
may be grown on the sem conductor region 302,

foll owed by the epitaxial gromh of a P-type
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the drain and source regions 304, the sem conduct or
regi on 302, and the channel region 303, followed by

ot her rocesses such as silicidation and the |ike,

Y 2H6/0481% or ned i n accordance wi th wel | - est aBET/ARWAS/015294

process techniques. 35 The basic operational behavior

the Ofired RN B0A RS LS bRk BlL @ﬁﬁﬁ)le Q. V\&]inymg 9%%0?%%%&9& ﬁ{aﬁ‘@% éo a relatively

low nﬁ&u{xtﬁ'fog %? c?:éngwl r?;fr,ams!']?»%3 eﬂ)](&th dﬁ%atylr ﬁegenw sPthaFW%]fx@émpedance state of the
transiss fQgnge dp Sist ‘&ﬁlﬁ‘ﬂ yubtr@gwp Reé3adey bowerat@UBlowfits Hieghaid golf. for providing
suffibibnt nfnof$ Sharpe dardidiarh estahlﬁh b EGHRAve 3D Bs it ﬂ@mduﬁ{v &pﬂﬁ%m reference to

the e?ﬂixaqgemgxft trgdsgtwo? F%& q]?e o%e anch %e gag(}illﬁ %krea]:mrele%ll-,;1 JEgston 3%91) formmg a PN-

connect e entl a
Junctom it B awéwwrea«@é%rmas@vm spme B @@Pféﬂcf@ree qtriom becihe region 303a, which

in upOh@prdvk somehil emdjdiey dh@ g @fliesd Mh@ﬁm&n@BHdnﬂl"ht wﬁ@ﬁkﬂd@ s@@ce charge
area Hs%stgt@i&@@ Olthgsdthg chc‘nﬁ g}géaléps% bgi %]:91% S' ea\.{gggxg a5 ace char 81-teae ‘&ah Tespect to

] on. con
the ?Cbgﬁ% ’agfég%%%c@efeﬁa* is ﬁﬁff lspin'(f?ﬁelél élaéfﬂdcbcsn‘fl?lb pudygrpund gretential to
signii@ntlyAregucy dheuesdubidity ol gl see@akd mhlteagsscg&ﬁ ESOH. V EBusdudnbly, the overall
condu@RPES the t;l%nﬁen@gngarﬁyﬁ %&%ﬁﬂ&vh aUpon Lagea\ém%tﬁ{kﬁhggbog?% ngei%cﬁons are

2, as

1 on
e BT O S gff ot e e 0 Péb‘i’%‘.’a’h ngreaing i @verall conductivity, while
the frg yhroesd elf-régivn Bife iesill ingbve itsthosinid vApp | Wien ghe @onzreindltage VG reaches the

thresH&M %&@,@ foy@lc m%yohﬁnﬁ@ gubtr%mﬂ 368 \ﬁﬁc'h\ﬁﬁ % refe!n@&'\fo GORE Ulg%‘ nl,eo}{duh}(uty thereof
re

abruggtfy ch aste flﬁe the gedzﬁi cowlécég%%tgh csl%ﬁleé rcé\;on g(%éalso abruptly increases, i is
furthery ﬁﬂ@’i"’%fhe‘r th%%mlds?hmfé sybrregidni 1081 hastraveed thowild valgi relured to in the
follo3 g a VIRy abﬁu&ﬂ]&roainﬁfﬂi zsb,eﬂalﬂé&éij' &eﬁlet%ch hﬁé&pﬁléjcoyr&b(tn@xg thfeglrold voltage is

adjuslgerdqy 'b«idé Q%'lcanﬁlyl ﬁnﬁ dpu ct:htgzp Fhe %sﬂ&‘esho voltaé ar ngl %Qgé{;/nugl%éﬁe chavior of the first

lve C
chengy ﬁiba?gr?é 4% TS rEp e EeregnEht frisee ARaREGHERLls o conductiv, ey
impatting A $dla8tety highf cobdugiiHieto e .entidh cabi@) 1edidaen3. Magdd readhlg 1% 860G treshold
voltagmgli thpd stﬁtﬁg lin% d’élggﬁgxé I)Iotﬁer&éag‘l cz}?i A}Iéublrérjlggoggffﬁ}% tPe overhll conductivity

overlying region 3
ab*“lﬁ‘é{ d&%ﬁi@% sipgg a‘fegﬂéf%?% g P feamttq#éo vh@ §isioonse 3ub-reajyi 363, Uppp further
increpsing riherraytrop radege M, SieneerOf cohdustiviRpgaih| ificyeaehailcd e CRIAGHIGH ST the first
chankcPr e&zbl%oé %htﬁﬂouﬁ@ﬁgea% %1]6 thb st Bhd HRBY .@u@' 1 §(B§F$§tﬂp1n Q{;Jgh itnpedance
area is established. Thus, the second C
'sub-regi on 303b may al so forn1a space charge area with
r e&isee Be sdyemativrlly steivgh boplifisg cdutdhlnmedelgif g t38#tor vlbrereion shown in

Figuit B4 & 381 Bebly,St it J%Mﬁié@tﬁit }he Qis?&ﬁﬂel@%—rééw 38926k - hRLRA bya ﬁrst resistor R1,
Whllent ets%r(])%c!lallalmtelos re i gti I Canttl 5,%2( hl%aconduc;t AN

The Secon ﬁann wgﬁ%%P‘éﬁ&ﬁﬁgﬁ ﬁ@%ﬁﬁ%h@@?zm%ﬂmwa
r"“Stf“l“f@"aé}\‘? ar 3‘? prder ebmzkniiaefd @00phmy. Réoreobrarimigls simplicdmoBD B isiagsumed that
the rdilEeE el loyR 1 O, takUBLDd’luéhﬂf@iﬁ@@ﬁxlwﬁﬁ thd ﬁreﬁl@ﬂtﬂ;l@&e w8l &lﬁ@i@s substantlaliy
deterMSf’ed Cfﬁe %‘L%ﬁ s;% 1%08 of Glce: %%%%tkr e?el;]r)ént 3%(9 ]éalflg glté%% érl:o?% gnd as explained

annel™” regi on ere
ab""‘ia\tzhé Feé‘F‘P‘ Eanwtreoed Wl*‘t‘kﬁ/on A\tgh| i’éPEdQnPFeStaFel thit thedpaiper®P is operated with a gate

voltageU -of @five Ithe 303A! thiesiBld Voltagb iTOVIdct Bhedt e Q8RR Gath@ M region 303b is
amﬁgmggc&&%ﬁﬁg%%ég vol tage VG reaches the threshold

e first channel sub-region 303a, which
Wi Plg““b &d lustratey (e alope-caplaingtt| behayiprein @ sHERETS Rshioy vihrein dlisfvertioal axis
represeliits S regipttrley valg sfaRsestorsal1Chnd) RY) G@ild HEhcRMRIPdxls indicates the applied gate
volta&owuﬁg Eh\é{vﬁ 341 tQJ s1ﬁlﬁﬁie§nﬁﬂp @Je sn!cglﬂl gﬁm&% QL% &heﬁ%%be%iﬁ’& ysubst&ntlaliy

| NCIr eases. further assune
conslh 8‘1&%’@?‘5‘%’%“?%’@‘1’%“@6%(}9 S 201 BN oo gltage VT2,
whicly ig fizpropigdtely 6.45 volth inahe pfesdnl camvimeg LikewiN] e fusttchankill S1B-rdeld® 3034 exhibits a

high %ﬁm{’ame%p éﬂmoﬁzﬂgél aéonG‘tQJ ﬁ;%f%shm %Elé%,nv'h &: ch is hgre selected to be
SO T i %mt | d vol tage IS 0 H#gs e '
PP §1|m§n|y I'eantt roOFRRE i AIPE IRl 1808 pirnbny é%vc%aei ghgee the first

VTl , detennlnlng the behavi or of the first channe
sub-region 303a. Thus, upon‘%urther increasing the

vol tage VG both channels are conductive, thereby 20
inmparting a relatively high conductivity to the entire
channel region 303. Upon reaching the second threshold
voltage VT2 and thus resulting in the depletion of the

state
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30 the resistance value of Rl may take on a high val ue
bel ow the first threshold voltage VTI, which is
substantlally deternmi ned by the struct ural speci fics

SO (9P Lnsi stor el ement 300. Similarly, in PEI/ES2005015294

nodel and as expl ai ned above, the resistor R2 is
thre£iBI8 WsTREE VIO, 1 akied Klzrép}ﬁecﬂle@ mat|a%ﬁM%aE%@n%%£ llaxg-mzpedance state

at or
oS 8 Ol RS T Bt 1t "B BB G B & ererpttare e
fﬁsp%“é‘%ﬁf %‘é’ﬁ%éﬁ"%a’éﬂ‘f@g#@ﬁth@ﬁ@bmt @owxsla Btraddi al | y
C Orfiduet3e lsghestBplie i106s o é&h&h}:@dﬂé’n&ng&ﬁla du}rénu Bl ﬁﬁoﬁ@a thh&%annel region 303,

Whuﬁ%y @E@Mo@ﬁ&@c{jas Q%bﬁ?\ﬁﬁn%rthe concﬁuctggyaof e GE] xe? relglgg F @t gfqbeévarymg gate

wherein the verti
voltgpsy| {Ra §egﬂ}f"e p¥feroltasssi e wrigor B 15&?11#3 I lmlwﬂﬁnF@tateh@hﬂe the resistor R2 is in its

low bloprg stagen tiskeinopelight llecnfiihcﬁiai tﬁﬁcoﬁdﬂ&w@pﬁe{ylbeﬁbs@ikﬂ ﬁue et IR88dependence of
the cyzgi cu@e?nt §Q@M@ga{eqrol¥agee es 1{# %‘érte%grgé cb!géxhz% d{: enn Fanby the gate potential

sub-T eg| on 30
and g%sﬁ : tﬁf “’B‘ﬁ%’aﬂg@i‘ g fbang PO ﬂdﬁﬁtc@?fyhefml eshiffagoq hich is ot
takey ipfoeronsigbriting @rhdyaddgwhdwingn Bgeohichinbhtheakalos] ot t@@Rcc\ Be on-state is
sagzﬂﬁtﬁnmeds Soxﬁﬁ@d’ @&lefﬁ%ﬁh&é bgtwéfé thé ‘ﬂ.lgﬁ %ﬂe&n@e QEte Qﬁdetﬁeel%%cagducuvxty state.

hannel regi o

pcs G RR ot agp’%%f“"ﬁ‘%’g% 5 RG] P a T GRS St laRgR nd slightsy
incrigte GwyPesiize Bity uitageh e Hol thloskad VAGEs MBhed, WIHIC udeS s et change in

condi@iviBC TREeatE, YR resBRIREQA | MHBR Erin Rreidl RwdbBhit State Qf&%e%g%%rtre!ng and thus

T O TN e
At the ﬁ?c@rglﬁlgpsaclq,@ptstgag@Z I Becond chanbrd 5| depldnd apdplipnoe dlicadta dlratnlvartent, and thus
the tadtcbtﬂbdtlyltytdﬂ e GlhﬁféﬂﬁkerSEB dUMpW deYredsdd A ﬁar!s %e&sﬁa@ %ﬁQQ&ver level
w1thsiﬂc?egs%1g Q{i@r\}ofa Mettg tﬁe (1%? at ecre\ésoe 1% c(o:inedh é\WPy of t%ﬁ ﬁrétb 1%%1 Iegmn 303a,

this vari atli nls @ gbleco are
CO“S&??%&%PW% clef?l%ﬁ@ PP tHPGSTTENY oot eRy@SNEY B Bveblained with
refer¥iFQ o diptlrei 28, thdndy efabifg RGO WNa foickidgii: /e, suftl @ WSt 381 210 of

F1gu§ QIE' %H% 'b%@.,lotf Yon&h@&@i t@nsgfo?‘@&m{l%%g ggxg%mg V\%o@l %ﬁ&lg El{agngllt re%on as is

desc b é’)?l 1rou% t he channel reqi
e conductivity of t he
SHE LB NE TR Paeigencr ibeshaupn T“ﬁ@“ ¥
c hdigweHa whayiataly30Sys awiirbdit dagmaroy iNSRAQA R 45V Obhage, traor element

hav1d§@91@ﬁ1lﬁ¥tﬁ:hﬂ@él %g%l@lots@g%%lt of I%rtﬂ‘aﬁr‘éal §hdkn %0 cbrﬁpr;scﬂ Ittrat’?éxs\rll c%ment 400
resistor R2 is

havmg qpmogi? 1e cg%nnc’ﬁ rewﬁ%élw ﬁlt xgayéxfcﬁza%s{ ity ftéw We%t?p a}nﬂ a feﬁfém channel region, as is
Showéscf?fd{*f@thew Figurepgdy adedb oNompwe the tlaeisttralembre 4Q0ypiugads a gate electrode 405

and adﬁpﬁ&ﬁeamw%d a bi& t&ﬁaﬁhtno@uﬁ %@ma alsé e, cgaxh?}lmébrols foxl a field effect

) free c
trans1¥t9;l ﬁa %eg %aﬁxgp con{] %rra (()ft tgfg tp{ogfles ﬂgﬁgovF%ﬁ?chL%ct%tmamd which
may, f Wt!&léqr ev%ﬂd1n§{1t§, @Jﬁméef a donide Sl vedfisedion Udbieorirt e gatecklectrode 405 and
the sduen @enief 40841 e(ébtﬁﬁﬂﬁiom[e&&l £5d BEEH coﬁ?@dtéaho d seledd 951151%@ 4& a ke Ehie 414¢

of WﬂxoﬁltlsQ:oﬁaneﬁ Itoda%gl&E m% Qlt’)I wq:flg % sig]}ur%?dgam tetfnawlvxnﬁls 1%00{1%%&&6?]:3 lgft 1&? gz Inone

Sl nce he vari a
partiguigr °‘I§’P‘a’ﬁ?“f |ﬂz?aﬁlft%cqﬂ &8 merelyingiadsgl the draushter effrhcie e 400 as the only

transigetelvaetts i éochriogRqiipedanaacst ko 1h Bler Bi@iments, further transistor
eleméﬁ@ 'PIQWJ ﬂr%'xdtety to %ﬂ]&gc@ the ﬁé(t,uoﬁalhgr%&&é Yh% trél&%%&/(%j the cell 45& amv%ﬁ]descnbed

Xl mat el y
atr G0 Bbsr*‘é'i’fi "86S P‘g)”e%%*rah‘m@*al morgheot gt foynenty oS i transisir
slemgpa.sik inithegonyationalbifoties: imfikid 1d hehdlne aiﬁﬂlnﬁied\fﬂgt the Fansistor elements

400 ah£B & R%Fjoe r y@dﬁn%&@ﬁdaﬁ& \nﬁgﬁlyﬁgcﬁ% tsﬁ?\g tgsjarevﬁuslyﬁescnbeg w]._t\;trcference to

¥ %nd%g&lv%T¥l Ther eafter
By g PR 008RR} RAeReSs igksclorfprnB e rendifethchennel tegign, 403 may be
perforgind] forhingandebbyt doe inmantitey ivbilet §tg trinsigsreas es mikddnso that a high degree of
compatiBity@ASil ARl Gor WR bR c BN fg‘Hl bR cdnlig vari ation of
the first channel resistance. F he second threshol d
vol tage VT2, the second channel |s depl et ed and hence
the total drain current, and thus the total
conductivity of the channellfegion 303, is abruptly
decreased and starts increasing froma | ower |evel
with increasing gate voltage due to the ongoing
increase in conductivity of the first channel region
303a. Consequently, the transistor elenents 300
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transi stor having a nodified channel configuration
that provi des the above-described characteristic and
which may, in particular enbodi nents, provide a

NRHPEZRENnnel configuration. Moreover, the gBEBUS2005/015294
el ectrode 405 and 30 the source term naI 404s are

el et lopefadihy o tKeQiai gat @glb@tﬁlﬂal@rtﬁe dath & %{fl&fév\% %@scﬁé%d Yith reference to

iR E R o0 LG, S e el P ol 850 B8 o oy ctemen 0,
the liﬂehﬂﬁf‘ Ramay ba gre-cliamgedcand fre etlestirapsistan 41inay b maedddby abtivatipg éhe select line
416.PEMrdvly G gtk 403 ﬂEEf)HbcmtuIl BErIRAM e dnict %strmc{d% ¥e VDD that, in turn, s

hxghE nﬁ%qgee%ecgéq? 1 teghaoﬁ atr%gratt \ewluehngnt Sndu‘c":l;ll' 4 ap gxe cham%egigegﬂxglgm has a local

ansi s eS n
ma"?*&‘i”t ﬁérr""‘a’é"éqn?ﬁeth‘?:@ﬁ%ﬁ?ﬁ Exsiold olpep e lﬁm‘bﬁlaﬁﬁfﬁ a5 shown in Figures 3e
and Bdir Ashetsult sfanSdpRic@ion oV IEIRMieSatgBlYctb® 405, Gié icElagh] I:o(ﬂduchvny is in its low

Jmpéama@QaQee plt E%cgtw]a? Ih;lz P%}]@%b(; % 1@ @943 2d JalgﬁgiZe(ItF g@t@ E’ujﬁ 5\%4%1- gasconneoﬁng the

escri
tfansesE?’f E}aneﬁb%@f’m Hovigthereed Hiriay 417 Hlédeﬁ%‘i’“é‘}*g CrURBR Haegi, the high conductiviy
statetig amsfﬂlmd@mweiowmma&wwaylemt 400 i@ als@tigastds@fonSiyXétate, which leads to an

mcha{eaﬂ %bnﬁﬁc@ﬁty WLRE mesgate %lta’g&p teEcQ Qo 91915‘ vent 're%ﬁtaga Qﬁﬁéqu'ﬁmal 404s is

shoul r eC| at é
a0 Pk & Pl Srmbrld e Y1 U DO andlod e s s
reay prrepdoasbin dha e wal #stis delreibqiroh edgentd o Rigas 240 IS@niadyy 8 ligh impedance state
may W€ Sififich BRIl hﬁd ‘t@'fc% &ingyOpre- &bx@fdg £ biBfhe A and Qetwatm% the select line

416. Vyhg:!; ecLSQ éhaelg ngu?c \dx t gﬁlelif%gp%?‘jg?yﬁ e Saﬁ%x?a[f‘nﬁo%gesgga?w state is written
Intoillﬁ%elié??ce by ion i rrpl ant ation, while the transistor 414
i S Figas ke &h&ﬁtﬁahbaﬁlo@ i@ (ﬂ@ﬂiﬂl&ﬁscﬁfmg tﬁaosmtlb@éolnﬂaﬂlﬁﬂg more than

two t:[agl?l%fgr ﬁlail?ell e Il!{:lfges 111 Afg(drfar:«osrffg {;@1&%’88'& ;116 ﬁ%@ﬂ%%ﬁ&rﬁ ffI'St 8011{)}03 9113.11!’1&1 tzansxstcn
element-#00uaaos1004 ﬁ%@lﬂ chamriletrag et gleme 48P o reovides) hid5@ayi differ from cach
othertylstifgereti tabshytd tdiere YaDRad TR A Ecﬁ:‘dﬂp&‘lﬂl&b yrrad@ﬁﬁﬁt Inkasaela a&w&lﬁgeous in

opera[‘tiﬁ% aLt & @.‘ﬁ it tu% d%feﬁ%up%@? v@lﬂgﬁ %25‘%@% 5t operat ¥ﬁe n%aﬁ Il’)]e(;’cons:dered

st at I nto
as @Mﬂ%f“é’f%? Wit gt sapply volingetfad pAELY Iie%ed&aezatlﬁﬁagveﬂéém*e  high current
modgpmag-adbvathe exdradondvith e ingeds@ictpplyrvamgs, Sty pdddlyTRyro¥f: the total operating

spee& H{iﬁaﬁﬂe Qéﬁaltw 1 brdeiy 3l s&gni;%mﬁ%nqg fhe céll%o ﬁl@ ssula_'!g ﬁ&bﬁle transistor

otenti al

ctemi 09t el B St e oot SO e VTgb g tho wansiso
elemisit 4l r The brarratio ef diffsesutitivesbdd tolfepes RS ndly veadily Bgpehicvad dwild thdfbrication

of thé &8 46000 CheiClod Skbnbpye, thsthhﬁlmﬁet&@z[@@den«,@ %Q?I%&@%Q@foﬁ@ﬁe Shay nQiQ“@glwn of the
eclirtie hr.eshol

devm@?% mﬂrin the c?e g&?b\e/eg a%dopeg ? secglg 1%%0n| Sﬁqumct@ mﬂb@e device
4003%51{%% thg chicAéf’Uh E#Pe%';{l,}l Pth%rfapnf%émmgpﬂhfr geatition ofifextDihreshold voltages
will 4193 Be @ockiBd QheRtefeRd & Mli, 6. t he channel conductivity is | n

t Ut f.e t. th
' mlmg\%e ﬁ@@oﬁ%@ eoﬁ%ﬁ %g(? thee\%{?erén% T Cc)lc acles xgag') be p’&%?rgl?og as previously

res d valu
T S 5 Fiben PR vaewwwmmb fsroperattcie the self-biasing
modepiv@thashaingeslitdtat véliagrend dhe gdﬂsyvo%aﬁftﬂe\ﬁ&kislﬁ@l&ﬁﬁ 48812884 high threshold
volta!;e' 8 %&*r@rﬁaﬂﬁ:g '&{ tﬂbm&o&g&ﬁ?&v ty étgté/ ﬁ%g%g %m bem% opera{c]e‘c;{ %1@ a fcj)w VDD

Since now t
that reg |f?ﬂg°o1?ea’§@dhf‘s‘{“aﬁlh?16?{5%vn§ Fa%ae)f oo Qe o registor 4006 o dovice
400a rangineia $e high copduaithite sthiy brtdyhuneefzanente tdiezegatie déOdel QL and 400b at the
lowelttﬁ.gkg&d%gagglv@ﬁ As a result, the source term nal 404s

i.ntai ned at a vol tage at or above the threshold
Vol IR A TG g THAAEFs Froct it Geens figphoidoaliges VI3 may be
prov:d‘dchusth@,‘ta&ﬂ@, theyely ploeidingethe paxtial fon art daBaned HdctsYitya Forl eSample, the device

450 ﬂ@s&fﬁsklﬁ{é Wed firek @tf@&&%@%} (916 Eaag %p%se%g,g aS;ugil. h%re&axie S@a}f g stae
repre entgx g ge stat % 1 ﬂ o 4
By e8¢ e§%‘ TR gy "fﬂ“é‘ BHar Bﬁeniﬁ Fﬁ‘é” bihfesﬁo ﬁ’éﬂa&ﬁ%n@d one state

actlvatlng the select line 15 416. In this case, the
conductivity of the channel'% egion 403 is | ow and
remains | ow unless a new state is witten into the
cell 450. Figure 4b schematically shows a circuit
di agram descri bing the SRAM cell 450 contai ni ng nore
than two transistor elenents, but |ess than six
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of the cell 450 in that, for exanple, a first
i npl antati on sequence is perforned to formthe channe
region of the device 400a while the device 400b is
022%3d performing a second inplantati on ReURAEe15294
with the device 400a masked and the device 400b
reprexX s e digh Ohdvetvirpppd ﬂ&l&h@ﬁcrftﬁiésh&mﬁlt@e vepRdiuRNeQle 4000, When writing

cm‘éép&fdﬁg %ﬁ% &&Ee%%lh&*) qhe\()g |11£qu3 to F_Le lggch\f/jmrgeél wi I'GSPE)GtISIe t(%l;éges Likewise, when

SCrIi erence
m°’8 &} 3P FERt e vtk fifforang Elfesltowém‘mqs {Ve2 erpproyidac coyradording mumber of
diffreny stiie R0 the adl 490, Uiranislisle sd@SIE i TGk » R liaﬁ?hx{émz is sufficient

to aﬂd}%g i RET &b @xg/m@tsto@d Ialegﬁei pi!?{%?BEoft B8 GRS %I gt{;er & pﬁwa ions, the lower

ﬂm#]gl g a;g ratde A I asin
VT T R BT DeeheleloEhe G HoayoT dgls wppi yelses VDD
decregsggrisios thymowhlepenitng 4@0ge @b td hecchinghe, thirneshil the sipBll WaAGE: may be

dehmby;\/m@eéamr&lmllé n the high conductivity state.
Li kﬁfure Ses,dwm erated with a | ow VDD 35 t hat

il 3R e SPraebTeY <7 2p At Fasiir e 500 e
forng ?faﬁgrtma @m&t@@wﬁmﬁi at reSQlan®i Sented@@aior ddveniboV sc@@rises drain and

sonrddd@8onk SIMELS i 1A setnh&ncn(btglhaﬁpm lﬂ'ﬁ&tédvdb&v)é ar fnﬁiaﬁonqg% 526 u%he insulation

e R BT PRy e ST R gy bk
Sem’ﬁ‘é’d‘éfﬁ’ﬁ f“é@?"ﬁf“é‘dﬂstﬁ Figigon prbptatet Fathermoyo Unbaionias 6&) opduprives a first channel region
503«knfl § @@t thainbir@®Hh 6436, Wah td i}ﬁ&seﬂ&eﬂ&)ﬁmbﬁe th@x%&b‘i‘rb&jcﬁgméi Eharacieristics
as pxteagusﬁr%!a CPb d':_> 0 %ale*lﬁ&ﬁ)@’ 509 &grme bgvet ) ehd%{l I%th&;'é %!)?@f S%Eb 6{} is separated

enhanced func
thereigyy Dy pgrtepisuiteR Y Sst ore t hree d| f ferent states, one
st dithe trangipereBant 510gnaa bb inghfbapetancfasé aiﬂﬁqomam%nas bﬁ&e@s techniques,
whefeﬁﬁl[e%ﬁa%ﬁgi feggns @DB@' ﬁ!ﬂ: :ﬁﬂ/%g %hédvtﬁ/ H&ﬂ xﬁélﬁ&g{n %xl' epud%g growth techniques,

| ‘ower hr es

0 PR 5 5 5220 PO BIDOERES J0ipe 500 mey b acvantageonsy
incopppipiedinte pamipliy maroo glvom.orhith art invredsiiglg tiatcatedat Sbevikk.gher
th rP%&IB@ |sﬂe;ﬂa€ﬂ:ah@ﬂ§ws\%bolé%ﬁmﬁla BarOM cfefiot Q&Qom;}%ﬁ%a subsﬁate 601 with a

b LRl EcPRILRS, gt sy opife Bl O T

condy@tivitya tyess are | fprivednjvisiin t}Wh‘EEHOHS i o fdvare ENudtive méh SkeOfemainder of the
sexm&:lu&ﬁﬁ%@on%@hwﬂdhfl; RPRNG exhibi @&b&h %&&L%@ S PlRerPhfirain and source

on e
el B8 e e PR R e fws‘&rwél el crnno
regiopbiia isdacedipnr Jesedy in GR@e %qctrodp Pivewidchds separated frfrh e etnelGegiop 603a by a
gate fsditiesByct 608, TR flrst 4hthchayb@ishone dopfeihﬁreﬁ;hﬂ 1R sdobtl @hdubt¥ity type,
wher@Js thg 'se]‘cgng gﬁﬁﬁel 3§gt1c§1t6§3% mal/ n)dx%'ithg rs?%gclu tm%; tlgé%n Z?n C}hebe))}amplle ﬂ\{vetrated an N-

hr eshol
type fitizwglg g‘:\?alpebtran?%or ésr?gﬁfdgeca akegarfipg Y ﬁqrftsly)ki\mq@qgesﬂﬁé asPPA (Figures 3d and
3e), thotata gréterivVBPLy aclpevid@ag eslahel. aviréohe, mandiald saprdAdubd gaglons 603a, 603b

dxfimViQJn{ e@&%mglvﬁ?at Ie%t éhe §£‘ &%ﬂ%mu&%ﬁd &%Ma&hTﬁapg tHcé cpao ac%nstms of the

delivere torage cap
respe{:thvg c}imgxy%regxé s gy Bot gnig by Wlp@dmd?pagtwé%nhgmn, but also by o‘fher parameters
such gy asialsergobitmaihtervd! @i ind shedibe Hoeinehannedecdnd aRfielSbe®ih 603b may be

comp@i Ecﬁm? E‘fsﬂiéggenhﬁmtnhgm o%i@ox{, Qidd Qx%w @enfm%e& X@&ntﬁxga{’lgx%%nﬁtw?tﬂ a subsequent

OIP ur ed I ce, transrs

erowfyLt geh s %*8%%? f fa%*%ﬂ Fountrers Gﬁﬂ?‘@éﬁ PrERIcE Eagments, the layer
603bfnw ﬁe thlakad oangs éniiszomehifct dnterabyein o6 @2Ambacapeticaomao 8 layer 603a.
SirniladBS b &Taﬁn@ﬁeghoﬂ!@ﬁ m't%z@ pr&[rﬁ@d ds @%&QH@& iﬂQ@n/gel'n@zX%ﬁ lagg'o Al Y ther materiats

such asesﬂlrooen%arﬂon may be sgb[ 1 el erCt Y | & f or mec
g‘f Frate substrate 50t “HRP ’ﬁn §net‘§fb‘i’ﬂ&°afl %Fha&“%W‘R“S 603a and
603bs dhisciehties direskolds éfff | abeVELfohtbe shappeksiogions 6052 SbEIR Abyectfeotively be

adjusted by hakspategly deRaingl EV@&@ﬁed%nQQWo&z%%@orf '5§e§;he&£}él£w %m Since
sieain eﬁf’g’!‘ egIﬁ\g/ 3%2 el m%%q“da“&‘g Fd r*“c‘fv]"il e eﬁé‘f Yi‘f‘"f* - SR grocess schemes
characterlstlcs 15 as preV|oust descrlbed A gate
el ectrode 505 is forned aboV® the channel regions
503a, 503b, and is separated therefromby a gate
insulation | ayer 506. The transistor elenent 500 may
be manufactured in accordance with conventiona
process techni ques, wherein the channel regions 503a,

U_..—J
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25 regions 604, a first channel region 603a and a

second channel region 603b are formed such that the

first channel region 603a is |ocated nore closely t
'YHEBPECt r ode 605, which is separated fronf€ﬁ§5299’51015294
channel region 603a by a gate insulation |ayer 606.

mayl i@ Helath@iitageduain Bﬁﬂ)loﬁ@ Gl RnBP 3R dg@hé cﬁﬁneﬂj Qﬁﬁgortc&ra%?éxlé}lngl Gor instance,

n t he secon
dlf%llalg rtﬁ?] %16&%& 6%;:6% eé % d&fgljﬁn% gw feglf’lﬁ éor gm ?agzte trzglaﬂ&d;e]tqgw iitt()? by locally
mo the pliging e exanpl e |Ilustrated an N- type doubl e

c h aIm:@ier dntbali8dng] OdpecifB 1&%5&&@@&1&6& chiR@@ Adzh BGa &MWbr 603 may be created

by Elﬁfyﬁé Badd s\ﬁ'QJs tf@tg&anc\([g% m@ﬂg of\{r ec&(",:alﬂyg reses %On a?mn%r(]:%uagg layer )enclosmg the

to € % rlterlaa as pr VI OUS
aIRKSP ?F&Pt el ?ﬂfegte egté CHEE &R r?LfP*edr @giuemgy 608 @matively by a
corgPBiling etnpﬂaﬁlenonfof epifaiehspeddy@tchiafhy@iopdn SRS, 038enOfnd the like, in or in the

wcﬂf@t& Ehb ﬁzlst aﬁ@ﬁ&Q&éhtaﬂngir}eg%ﬂgﬁobep B(%B rﬂ%teb s%%ﬁicghg r:(gﬁen l'fle réspecp ¢ threshold

rIStICS o1 res tive ann
voitra]%f 1e a);usggenacéftuér?shﬁlﬁi] gqjtam ¥ saﬁ{eatidoqg(d@rﬁnplgttqtlem is a@x@gtageous when a
plurglity @f Werg{t reyshqbd ratagt Gave to SeClmiaisat Ilkent i dil locations or different substrate
locAHORPDSE Ie&p@cﬁive irrﬁtaﬁﬁtﬁﬁ’sj ma%/trgaaﬂ)noe p@f%netd%h ldi fgl@nt ITF %I’ schemes in conformity

t he second channel region 6036
WMhﬂ§&gm§mﬁmmf a S|I|con/gernan|un1conp03|t|on whi ch

may b e fiedretsyt inyshtoaicaldesgr olfibisingd strivcaad@iob é8ige @it mBSmostly be
advgfa@adtidly @8d @ cSrhbihaGa wiktayB6 stfn@é'e ckiREsuf efs%iAM: MQQ@Lng fﬁ:grh@ Deduce the
nun'1@93c§ tra:\@%%[ gléme’ntsqe erclidl e Olnea g SbiY e<gu' renents. L
ayer ol A d 8P HOr PY RAEeSJalrifjepgay be used in
Omimfﬁaecf’ﬁeéqmn@?gr sglf- glas&g t'?*@mrpﬁ‘ﬁﬁﬂie{“ for inspyeneiirf ﬂl%fdmmfla dsBle plpntehignsistor, a
signif@yng Emr@3ent melmehﬁWayd/ortﬂaﬁorﬁmﬁ@ bd @&b@éﬂ fcﬁgsﬁvemhrgﬁrgy node.
Mm@(fvg‘véuggm d(ﬁuc&tn{a? h(ﬂrﬁbq fechnca ? 91@1 h%ﬁ& g@ %enymannex %gléa lﬂt%l I&ity comparable

. dother mat er i al as silico

° i RAphIeYEe i’&t%ﬂﬁ&%ﬁﬁ‘&%ﬁ?’tﬂ%ﬁ logad @s %Fﬁmb@mat@z mgshpay for CPUs, may
be redddnmglhced, dgichinpro68Baimantte cG03 . perfohiitice stdbb@tagé&r MLESver, the simplified
srAMD ﬁ(% of Q@prﬁég@t MO!W%OE)&E&&EID@I&CJ1§Q Q%t rw%(gslugpl?ys’ en61963saé cost~effective

effective
utlhzap lon.a %ggwgqa ﬁgﬁ >}1 %\@qd%gagip% Qi gpgclgtgeﬁ Mllélamwg?nﬂ‘apmpioy magnetic storage
‘kwﬁﬁﬁﬁE@R@M@n and/or a specified internal strain. Since
St riak pun@ gl eﬁa@&l‘fﬂldﬁ@ HESHIB S IR iRsARY ofiRL; 2Eind P4 rh‘fﬁl{li%bé Hoditied and

pra O Bb 0 S e R T 00T G140 4Ty e o o bner of
teachingy Aereing é%@‘lm}lpléﬁw gy steps ehe ity abavg ﬂiah &c pkofuidled in & different order.

Furfiehaind @) Li#ab6s iast @tndeh@racd-end &tcblﬁtamnd:% dcs@§ HAOE Srown, other than as
descgﬂeg Enetﬁeeﬁglm%l%lfo%sq 'l.s gxer\e/ l teiafigcinﬁﬂw aﬁ%mYuﬁ @{118113 disclosed above may be

I ons
alterydy pit egiifled eph Al BYPL | vardatiprsyare preldefosiviint thee sogter @i rvpixil pf the invention.
Accapditpty; thepriadbnBiihicherc iSip B fofth B the BLRE RRky. Strain in the

channel regi on 603a and/or 603b may be created 5 by
applying external stress, for instance by neans of a
specifically stress-containing capping | ayer encl osing
the transistor elenent 600. In other enbodinents,
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 threshold voltages. The adjustnent of
threshol d voltages by stress created by ion

i npl antation is advantageous when a 10 plurality of

di fferent threshold voltages have to be created at
different die locations or different substrate

| ocations, since respective inplantations nay readily
be perfornmed with different mask schenmes in conformty
with device requirements. As*a result, the present

i nvention provides a self biasing sem conductor device
that may nostly be advantageously used in conbination
with static storage cells, such as RAMcells, to
significantly reduce the 15 nunber of transistor



devi ces or EEPROMs. The particul ar enbodi nents
di scl osed above are illustrative only, as the
invention may be nodified and 25 practiced in
di fferent but equival ent manners apparent to those
CBAiIMsd in the art having the benefit of the
“T€édachi ngs herein. For exanple, the process steps set
L.f or t A seibpeadugigr Miqgmmm in a different or der.
Furt [ DI e tation nt ended to t
et of ReTbrEioshdontBl G GRen BB HNETER Relbt i g merial and
than as digegriibediiisnybber GhhiMmakghew. 1t is
therefore evident that the particular enbodi nents _
di sct sBEer EBEve famyedoa sagl subsleatiadly ¢ryefnifine deivandudior material
such vari n scope and
spirit ofaqittd egﬁ%%tﬁttﬁoﬁ% g@é%gd?éﬂaﬁqplnat F t he
pr oteefitsi Oh}arﬁlehgalgtonh ércaict HeBveada sael drﬁ@xﬁ%@oh Natdh&id b@iréBregion
bel ow. 14 CLAI M5 A_sem conduct or devj ce,
conpri si rigd depey &’“ﬁ thersbiype of dengnt maigrigibst anti al | y
cryst aldohdeh c | :
1 7ot S OO RO o Rraif 280 b o8 sourec
in said supsnamd adjhgent toydicdlkt chensdnmegiondaat being doped with a
material and dope th the fi eof ant
mat ori al ;SO PE 3%%& maigggl AiTeed i s@gv@éﬁtha.fﬁ dopant
drain r e%zﬁ’c@mﬂ”@h&%ﬁrﬁth@%g%aﬁﬁe@'r@gﬂon 3&@@115%9&%%0%\)@ Baid second
the first type of dopant material; a second channel
regi on | chated rbgonéelsas and sdd £itst typgiobdopand el results in a
source on d a he first c
r egi on and%bté@% ?88 “3"8%%{ ﬁndt Sal‘ié%cgﬁgi t’f%fp%thc&pa%tolﬁgtﬁ‘clai results
mat eri al 1ﬁlaf§°e%ﬂd1@fpf: oo odEREavity 1hat istiiPeteal wiloRRPéct to said first
material, wherein the first channel region is disposed
bel ow saitdPeelcimductsmansnd regi on (303a) and said
f| r st 0f;.d tS | fifst. t
S %a%%lt@?tgc{dte &Eﬁ%tesal (fe éié%gmgg'?dj%%g%# &&%Bgnrieé%ﬁs ah® Focated
mat er| al to e:sxaibfha:onunl af geclondatd peonl chﬁmd:lll@ég'lmhd; ywherem said
that is | verted rﬁ&ﬂ‘es pect tao said. first
conduct i Vi fyandaizgo Beldreiens ofe o rﬁé@@dieﬁs%@é‘lrﬁwwshoid
first anq, |
enabl e cor??[ rg%)&gtfh GF ﬂgf&? ﬁ%ﬁﬁg éﬁgﬁg?@g#g%ﬁ%nn%ﬁtt&al conductivity
regi ons, ofttker Bishasdiaond chamelardioneciatd thvammpddance state and a

regions in canbination. defi a first threshold, .
Voltage orePHlaRisaRSRE of Passmiciukot SAG dradeags in an
a total %@nqﬂ%haudtmlty%ahg@ofItne%ttotamgor&ﬁleﬂﬂ%z %h%ﬁﬁehxst and
regions into a | ow i npedance state and second
t hr eshol deqaoit elypanelf raghanss ewheroseide tadal @tmdlucievlt)fhm in the low
results i pt conductivity change of the total
conductl\??lpgga glg#éd first and second channel regions
when said total conductivity is in the |low inpedance

2. St atlthe s2micbnéucentaardsfcdlsim tefiber @m@isaigna fatefitguldiRh layer

nﬁr i Si ntg a gate insulation |ayer that is i.n contact
thajis B CoRfaq yib said caerelesiadasny soul oot drandrasing

region. 3. The sem conductor device of claim1l or 2,
3. T Ur tingr s GRERHILSIOP HedicE WTIUSH MEor RE COMIE

of sai dsedr ain regqi gnlcan said sgrur cghl?ﬁekél on E‘shﬁ”g &gguawe
regjait eonedetiog raogeo! 58id4dralfhecg@maod i sourcaevgior woith said gate

eleC{rO(liem 3, further conprising a select transistor
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having a drain termnal, a source termnal and a gate
termnal, one of said drain and source termnals
connected to said conductive region. 5. The
sem conduct or device of claim4, wherein the other one
4.0f  spidsGhirbRIRRA dSRY 6€ clafih M, NBthbS 6RAPAGRE 89 sdiBtBransistor
read/ wite line and said gate el ectrode Is connected
having & deel éminalne sogce Tmige ndrcbn gaet lormigely iooe obkaidnirain and
one of .clains 1- further conprising: a second drain
PR iy vRer Tl S ENG e TBIRRRE all y crystal | i ne
sem conductor material and doped with the first type
5.0f diradeinidmidacionllzvise sechitd 45 GtlcgEn tRYbMar bAE BB daill Mrain and
said second substantially crystalline sem conductor
SOReE detianal ajsronngsicd ia 1ad/maitd lingand sanb sye clpspadh is connected to
a&ﬁ%?ﬁ%@l; a third channel region |ocated between said
second drain region and said second source region and
doped with the first type of dopant material; a fourth
6.chanirtel sememinductbindatied hey weeof daind Isidortberdoaiprising:
regi on and,said . second source regi on.and adjacent to
sar & TAFHOBRATRIN IPRBrbR BRao LT et WRE b4aiconductor
second t yRee9fl «H@RBHd WHE el ikt tgi?é beddpast hiemisai d
first type; and a second gate electrode |ocated to
enalil ecewdt soncef raghen tlivimed! aind stidurse¢pndhanbrgdntially crystalline

regi ons, wherei,n.said t.hird, and . fourth.channel. .regions . .
| cons ARRERUR R LR ALLR GFARIBRY a5 §feria
a secfird cBifineplectandugtd védntes ban g@conﬂfdrﬁntr@%i@h and said second
conductivity of said third and fourth channel regions

when opép#cedgion anf dapadipidiiisdestdy g of dopantanajenali ¢

RAM.ce] |.C LS} A6k I rapsi r; d.a. .

tr ar?sﬁs?% tgr a{egﬁ[éﬂe%%%ge%aﬁﬁgg l%g\k ?eltﬁle@{s?%rﬁééoglndﬂ% ofe%épenvi %%d said
of any oneconfl soluzkmegidn a3l sdagehes daid thivd chehrettegion and being
transistor, the_transistor elenment having a_gate .

el ectr odéiOPe% withaith spegidgipe aF S dn3ieigg ShiISang: famneid firs
regi on ekgetnigally connected with said gate

el ectrode” and control |l able by said gate el ectrode,

sai @ sceqanlsgatt oleceddeniopated i erpbionmiglinthettbird ehd fdyirdischannel

HEERENTESRT Y RO -
define a second threshold voltage for a second abrupt conductivity change
of a total conductivity of said third and fourth channel regions when

operated in a low impedance state.

7. A static RAM cell comprising:

a select transistor; and

a transistor element defined by the semiconductor device of any one of claims I-
3 coupled to the select transistor, the transistor element having a gate
clectrode , a drain region, a source region, a channel region electrically
connected with said gate electrode and controllable by said gate
electrode, said transistor element being configured to self-bias said gate
electrode to maintain said channel region in a stationary conductive

state.
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