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Menory Devices. Transistors. Menory Cells, and Mt hods
of Maki ng Sanme TECHNI CAL FI ELD The invention pertains

wo o0ammseey devi ces, menory cells, transistors, PEnusS2005/026365
nmet hods of nmaki ng such apparatuses that use SiC

MemodecDevicasdliansistorsyienrarg Cells3 AbiK atAdND o MaKihir ShieENTI ON
In fabricating sem conductor devices, a trade-off

te(/:‘pi callzélﬁ exi sts between | ow | eakage current and high
TECHNIGALEIRLH rent . Semi conductive materials exhibiting a
hiTg&inketion perRing @ mebry dpvieas| ﬂemarylcaw fransiswee andimetbods, of making

such a‘éggr\a/t%essethé{ usesglps%%ﬂ:ghjgucdve mate ?rl al s exhibiting a |ow

Fe atively high drive
current. El enent aI silicon exhibits a band gap of

BACKBROUNDIOHA TIeE ASENTIONOlI tS (eV) which is a relatively

PR R
and higipghivie catrérbn8gmitendudiive malegials eehilviing achéah kead gap rrprn’eilmgvide a low
Ieakag@%\ﬂré:rﬁ Soonldr &AUERHicdrREETS HaRBialtRYhikihgWI6W bhr g%g%ﬁﬁl%ﬂy provide a

[ eakage currents associ ated with el emen
el O 8 N BEEETGLS Rl SFIEHF & PAMGSREIP! BB b SIecyar-Gale (eV) which
is a re@titedyNpW bbral gap rwiling recaptdbieasine turegtse toweven, leakape gurrents can be a

proble%eix g‘r%% dalﬁghcam Bpegl?@'er ARG td@wﬁecse Ir@ﬁ‘n&ﬁ%@%@%(\!& freq élent refreshing

tive hater

‘may bg afﬁdttﬁ aﬁdre?Séwﬁ@k@pe §qun&scﬁ$80%we\v'@re'e%%?a i nﬁﬁ;‘}“eﬁémlconducﬂve

maten@Nﬁé@dh&‘dthcéso avoi d integration problens of introducing

a 2 lﬂ%l ];ftf;“e L SR ﬁ]?) '?é’f}é%f, krg&eﬂ?} ﬁHe@f{o{y d%‘vgéJ tﬂa? BE deﬁlrable to use

on I ve nm
alterngiive e@'slswigctwh aetpaals ﬁwtj@@rbltuamgéﬂgr kangd aa@thﬁ& eﬁefneeltéw@ﬁn However,

cautiof 2D 86 %xér@se@%’ Q\PB'HJQ@Q @tl&t‘l"&olﬂérﬁé & nﬂféﬁucﬁ{g&ﬂd|ﬁ@&ht%em|conduct|ve
nte aCtl C%nS \Nlt

materlﬁgtﬁgf #eé?lﬁg?rﬁig?r]ﬁigctggmag"élgfe‘m:@ftﬁ%s‘y gbw g?rd o cessmﬁ c%anges and/or
integratelticitclibdesion chanves {0 ateahmedate tragiffprenicaiactrani¢ propertiesfand/or chemical

lnteraétlb%lltheoctﬁé’"r‘r%te!n@l@rrf‘tﬁg d¥RRR. DiePERRFAlsks Gh @R o MaRsky devices, may
sem conduct I ve terial into

potenty fr9 153N IRRFERFTYVERY 'A%Pé‘?ﬂf?}inﬁgE F‘% %H‘gg%i’ssﬁg‘&“to“%‘f"“"e material
into meimeryidaviesst i on, a nenory devi ce includes a

seni conduct i ve substrate, an array of nmenory cells

over the substrate, and peripheral devices including
SUMNARGPE TEEINVENTUPNSsi ng circuitry and menory cel |l read

CiAcEattihg 1o oD @speche tielibahtial @ meAfory deaisé inslodes adentidvdductive substrate,

an arr%ﬂcgfi rﬁéégr?noqgéellgg\%‘? bt sﬁgét ate E&fée%?ﬁer?%gggé%%c%g@%’?%W&all%ﬁdressmg

o onduct 1ve subst
circuitfyeasnd megiieced feagigcuierqvpHbe aYbshaioi AdgastisPiref theiadivigual memory cells

includ@ Bé(rb@r@%&ib’d)&foﬁéjofﬂﬁﬁ denfidtnd@dtivd élﬂbsﬁéiéﬁhﬁﬁbdtéﬁﬁﬂ €At least some of the
perlpqem?i?wcea 0 ”%{(‘:'}?g“ﬁﬁf‘ y;g%?ébon%{ég ?qu o eecstfewo ”ﬂ}”ﬁg e satésgrate.

prA@vqwdlmng amothemaspest diibe lW@ntIQULkﬁs'mel’E devigrfpriming method includes
prov.dﬁ@ratg%n@éoﬁ&cmstuba&se @eriha %ar%@r@t&ﬁfbﬂléﬁé biGe &mcsotna@anee substrate that

contain SiC, for m ? é
contal i, FT RS FEEY SRS F IR BISTH R BRPRp P TV AR Blgaldevices
including Ghenahinngp !l Aedressingceduitryesshd messisinnegll ceadeircditryyovanttie sgistratg. At least

some%fljh%wﬁf%@gﬁ%énﬁ)t})ﬁeﬂy inQ¥& thé@ aﬁ%t oﬂlgﬁs /ﬁ‘tleag g‘knate eripheral

nenor y s |n e the car
deV'CﬁﬁdiOtWOb'ﬁ%'UdeAt‘eP%%@?@@ﬁ%’%? the peri pheral devices do
Nak furthsr depket bitike iBRINbeN) athafsifeiidiRs a séhicordutiive sutseprec first

sourc%/grrﬂngg ﬁ%%\é ?c%/uléc%Zdlﬂ rg taﬁc%?ﬁhsél §1Elﬁd|ng$%1 gArHo%%?ed %ortlon of the semiconductive
substrate that contains SiC between the first and second sources/drains and a gate operationally

associated with opposing sides of the channel.
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source/drain, a second source/drain, a channel

i ncluding a carbonated portion of the sem conductive
wGaaipshizmee t hat contains SiC between the firstP@nts2005/026365

second sources/drains and a gate operationally

aﬁ@ﬁlhﬁér%@pé& bfhhé)ﬁmﬁcbmg n@n%@,sceﬂlfmctub& & Banesldudtine gubstrate, a first
aspect

tranmstcH (s’PLu'cd:eggralg region in (he 5e%{com{1%p opstra a sgc?oﬁf ;cr%t%iétor source/drain region in

m con Ive S
the semicandiictiecubsitsita: aed aiirarisistor eltpnoel thad d@%@%@ﬂ%ﬁ@%ﬁ\ﬂe@@the first and

secon§ %lﬁ(t,er/cﬁélﬁ regfons! teﬂ QRdehgh rn@db%hﬁéﬂ@ﬁ isoR lﬂﬁ&iﬁét@b&b@dr’émgé@cﬁh 4rd a digit node
m conauc SI St

r
Jnctpion (6 SCOR FoLSSTalR 1FORNC bostpEanngisd fark o B B pcton
includs 8 arberlatirdaiortion efthe semicohdgttve agstraledet pentaits FA- i s on
the flrst source/drain region and a digit node
ion is on the second source/drain region. The

BRIE s'?%?‘%@@ R TURORAYANGRA/ or digit node junction

| IPedferekel mboam’@om@f tael ingentioh are debcrtbbé balewwitio refrerice wethe following
at contains SiC. BRI EF DESCRI PTI ON OF THE
acconﬁmiﬁ eferred enbodi ments of the invention are
dEigei isfcigr wey ohr sntisPndudtensebi@te o t he fol | owi ng

aAGROPRANYHrRY settdral N@w.of fhe Gubstrateshawi IFig/ i @varohitial process step
n_conduct or. i

accor‘i’éqctPog‘?]g?P Of S @%M%te Fig. 2 is a partial,

ew 0 e substrate shown in Fig. 1 at an
i frig: B édl 2 pariiat sedional wigwat heFill. A guhsiatemba geseauenbiprogeasa step. ,
' 'ﬁbems' é3|5brt|alI: 's@ct:oﬁal'v%wﬁbf MaIFg. lsubskfetd: ammliaMireiesdteg &ording to an
19, L#lﬂm te at a subsequent process step. Fig. 4
a'tem‘?t%’ QSpﬁﬁH '”Vegiéoé‘tl onal view of the Fig. 1 substrate
atFigah is anpdriiah| segtiond ety of & rpnsistarerelainigy S 2ntording de engtaspect of the
inventbRPect of the invention. Fig. 5is a parti aI
sectional_view of a transistor cont n| ng
aciSr iPRey’ 16 Parel %Féﬁ‘é*&?"edfewtsﬁ’éa fr ganipg §L§ acgorgipgto another . -
aspeciofatiecinymtior. al , per spect ive views of a tranS| st or
CQ4 C
?}-’iysa% Qﬁcﬂ&arg pg‘mgl ;gé? gﬂ% V&S’?gg?g’%&f‘ﬁ%@gﬁ'g@% Cfé\}gordmg to a further
aspectl@fék)%'"\tﬁ“t"é{‘ t ranS| stor containing SiC according'to a '
f trid. he'ls paaap eéctioal ibw of anvaiston bontdhigy SICGct@dipgtota sl further aspect
Ofthese\zlgrt]tloonal view of a transistor containing SiC
Jeeordi ng to a still further aspect of the invention.
FiRig. 115 4 partigl, segtional view obe fransisiar contaiing PiCaceprding fostebanother aspect -

ofthem@ﬁt@,hnl ng Si C accordi ng to yet anot her aspect of the

:]= 3%1 on ”@6%?%{'0%' |§w§ %? %r&s&sgoir 8?r§]teém|{1%gs%?all ?rd%%to %I” gnother aspect
oftheaslpamm of the invention. Fig. 13 is a diagrammtic

V'F‘?g}"’@fs a@d|§d?£mM5tﬁ:rVIé\AJ drdebmpltbmeLsB&ing %R EREAFIY application of the present
ication of the present invention. Fig. 14 is a

'”Ve”t!ﬂ”ock di agram showi ng particul ar features of the
thHigh a4 casicbkafiagtaneshivipg padicdangaitres of the gothdboard otthd Fight3
gvel bl ock diagram of an el ectronic system according

com
p% 0 an exenpl ary aspect
Fig. 15 is a high levél block diagram of an electronic system according to an exemplary aspect

of the present invention.
Fig. 16 is a simplified block diagram of an exemplary memory device according to an aspect of
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Silicon carbide (SiC) constitutes one promising material for performance improvements in

transistors and memory devices. SiC, depending upon its particular form, exhibits a band gap greater

2
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of the present invention. Fig. 16 is a sinplified
bl ock di agram of an exenpl ary nenory devi ce accordi ng

wo eooan1mepect of the present invention. DETAI LEDI/US2005/026365
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Si | i con

than alodt bo ¢ chbdred SONBEV fobi$iRBn OASsYTh OBIC Protgcdsa vy law intrinsic carrier
concer@rg{lqnqé%a sn % E% {Egoré)é@ gﬁ% ?ntuo% I(gweﬁl %h ?ﬁe%t?n{w&rf@ lc.,[gr{cgntratlon for

epen
silicon.eXtrerialtgenerativared c?%w QRFTIeER @F"??Rﬁ’ﬁdsa‘ﬂj@&‘ﬂy gty '@t‘(}ﬂmﬁ gepcentration.
Accoroﬂrfaly1|e3ka§¥cur%nt§ih BicCaBstrass daH BB alnfRisChelighsls HRBmPaniseh Yo leakage

curent 8 S PR, S R deP Ry oA g an e
speciabmee bppitations faye uséd $iGo howdies rtephihologicad chetlerags iffabricating high

quality LB A8 VB kSpt&RE br%ﬁlgﬁ&%se@éﬁsﬂ/étﬂ)%oﬁwﬁwoﬁﬂﬁ‘adp%ﬁérﬁsé&h as loglc

carrier concentration.
and e, oS o) B T AEh A BT SR P oSty & conscerng
SiC folcD$upelrdts Matetial in eatcamity tansistond aridmendry deuces.ubsdnrsat eariety of

mtegrad?&?%ét%@%eya hpl oxi de sem conductor (MOS) power
ces and er special purpose applications have

uebe sngext ‘Pﬁé‘\‘/‘é?@“meﬂtetf‘ﬂ ERFMogAnHeAndigiey|sHsigies of 'gemiconductive
substr&t@h§ b&mbd ROméHnGhy goratridtivn &brﬁ‘pr&lﬂbSémﬂblﬁﬁlcﬁvamtéteptnclﬁﬂlﬁg but not

Iimitedgégﬂik glgrtnic\érgci%tl )ri'lgaet‘enalls S%CIJ: & LSt gﬂ%&g%c%%ee ﬂ?@ %&I‘Feﬁ' bg\ﬁ;%or dna assemblies
comprising Siher mpfetiaikingieonyy @mﬁw@p@@tl\teﬁgatg@é 2y ¢yP (Sither adsme orin assemblles
comprféﬂ@%ﬁh@?ﬁbt@ﬂalﬁ' ¢hé Fm &;uﬁéﬂ%ﬁé‘ Irétére td @y RUpEYrting BtrGairB A idjhg, but not

stor Even so, a variety of
limited, tﬁﬁé"gﬁeﬂ"f%aucl?g%ﬂ@gtn%?ydeiﬁr\fg’gg 8*?1 V®I'n the context of
t hee dolgtypesrare koo fordiequbicd@l angriiﬁmgooal (H)BS crvatekstrugipres, namely

3C- S|C S@I@Ié%@%‘# $|t§eth§tté9ﬁlt)ﬁ SRty dlf\%r&@ﬁﬁy@%éi dn@ clEBRERI BRYerties as shown in
UCt| on CO {t}gwem conducti| ve mate

o R Bman ke a7 igepcctor deviss.
mat eri al s such as a senmi conductive wafer (either alone

TABLEY 1N assemblies conprising other materials thereon),
and seni conductive materjal layers (m ther alone or in

assenbl i es conprisi ng ot her |faF®Fi E#HIC TRilCYer m

>Bandga§}m5§{y§té\¢) reTerS to any summrtl ngostr lichare,

Maximu it \glqelty @5‘&?? E%c?xg\% v%n) :I?h(?xféép %pvtv;ggyaﬁl; Enovvn

ThernfabCordhetivityuV/emkG)t 3adl) hex agon’a(l) -3. @H) 3.6i3@ cf ﬁst al

et vy 36-Src—4 =6 =1 hat
Breakgcf;(vhnr\%mléc%fﬁcg-lei?l% W{:H\?' . 36 | 808 2580

tly different physical and electrical

properties as shown in Table 1. 4HSiC and 6HSi C
r @@rn%?%atapér’éﬁatﬁ@ﬁbm qapensig plerds §elipstiypesstfats material compared to

smconfaE Eﬁ?t.ﬁgsyo its ery ov& Eea? cgfaglr Eexg'ellpl‘?c hggtydlégﬁag@o%@’llﬁ\ﬁ h@ﬁl&ﬁltemperature

peri or
operatirant @ abilitydo m@@ Ulgh elegifi¢ fieddsn lra@ppll@éigrts vefipee sush facprsdamjnate, SiC

substrlafé\é’p}oeﬁg FOBefdols Sdterits B¥&TRlIibSHubfiRds. Bv&SEd)Atié P Bny inroads have been

g eration
made GGaip a0 G 1 SR BIIES oY o RAPBHL i pifeas e to e
lack osavalablliyodf SiGsubstmtertatipasbptisdiest high esst pf felricgiéon), unacceptable defect
denSItf "se%ﬁlﬁ;bg%rrgﬁﬁ‘m%&hﬁls over silicon substrates. Even so,

I nroads have been made incorporating Si
2 VENTHSE e APk FIGN S 7 emersieyic’y ée?f&ég'eaﬁabw K& eSter

consed@3hicé RScotipalison 34 thel Beripherat dewick esglonofThatvs ialdalninkdingyfacdér within the
e B0 Sk BBy 4 4, M BBl
On the gentrialyr inistieripiigpal dgyiedviegion, leeprepsmmiapt fa?tPrd§d$Vé‘§|56?P dgfo a lesser
exten{TRERIGE cOPHt CR. thdXA8horg aFrsy rRbiofddKkhdd durrest 20 feabtPaRI@ Betermines the time

consequence in conparison to the peripheral device

region. That is, a domnating factor within the

3
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menory array region is | eakage current (especially at
junctions) and, to a |l esser extent, device speed. On

W0 b@eowsté ary, in the peripheral device regi onPCHUS2005/026365
predom nant factor is device speed and, to a | esser

lapse Béﬁ/@éht refrésBdKME Ge\ﬁwsrn‘:‘lhta mehidnt ahl%y Maedrdingy; pérjormarge @nhancements

cur r ent e a erni nes the
may bFl %@1"%‘%2 e"YETNEEN e trmé ?E:"‘é”ﬁg‘%a gﬁew ces in the menory
- arffhayariopgaspects ngthgmvan d?&?ﬂbﬁ?é‘e@*fh'a?ﬂf%ﬁtss,c Wigyirapgistors and

RHcBEH pRYioL & if@sivm Bmaﬁﬁéﬁs fakifPad@hteesF tiRadi&ting @Hiedharacteristics
t he | V&, tlon descri bed herein

o0 SRR RS g e SPAT B LRGP PR
semicpmdeiviive setsjratendmavay ofrememeryselisaiverbe substizfe, gagng pglﬁph{eraédewces including

memcﬂ <:°e1il 'aﬁ‘c%’ésﬁﬁ'cﬂ&n%%n%r} &diir&i cﬂf:wt%’ &eﬁt‘ﬁﬂ'@&fsﬂgtet At least some of the
1 con. Accord 'ng to one a e
indivichighFRATYPHBAYR (PR A RRIBS POLER | AL R malgiain s

At leastisbiay obthe parphergl degicksdona inclitearyudagionateeportiong of the semiconductive
Reripheral devices including menory cell addressing
subst
Citcuitry and menory cell read circuitry over the
s (fiigs fl shavis. a tap viewgEa Suksirate 4P having 3 MEMOR 3liaY repigRyd? gnd a peripheral
devicERbibs 18 BEtout@ngaehematredrepion 116.0Moadh it Fg. 1 peripheral device region 18 is
situatédg%]%ungf%dq%ﬁéﬂe\é/e?fséldﬁﬁ elaltogtg\% I’?e% ;9e9gﬁéél%e§lzec refgtrg phr%gr“ﬁgr to the function
of such@rdevieatathgr than memtisto #$ IOFNQHSQWV@BMB'M ihe emernery ?F%t\t 'gortion of a

memdr} Sevicd c§rh§lH‘?ﬁg fheldl) c\éllﬁh‘,\’ldééte@céiﬂbl@tdn&ﬁ@sub@trdl@,\éUﬂga%ubstrate 10,

suppol@ngrﬁrp ard aﬁﬁv &k lic’.)%kpg)ergf‘c{égggeﬁ, E‘n&{ 8ﬁg %rg%o% C%Y ngﬁss%ﬁ cn‘?crl].utry and
memdry cgll réadpmrcullph emahg Qtwm@gcerseg]e@wn;[@ateg isthe gm;@grygqmﬁ the central

mem%;é RSy mﬁlé\){er oﬁteﬁ%%%&ﬁén%g@thetrﬁ@n&}%rmy rmfn' dMae@kedberipheral device

vice" refers I mar
regony8 (LB VAR HEroreHAFRE B1 O P9eRE l PEEATTgascrbsd hefen
Cantremidsentaispact oﬂthmm\?embum the carboagtéd patidns ohthe Sericonsiuetivg substrate

that c?rﬁglh %E%R&weé'.mét”&s l%erldl\ﬁdu'aﬁnérQ&?Eég ey B irbip¥ra® into a wide-

strate, suc strate qSll’_wﬁortln ::?.EYS |
vanetw@iﬁg,srgnsdf@(,mgr@ory dF’éﬁ’qu ﬁéﬁf%ﬂab'ﬂ alleagene ¢ et ¢ individua
mem&r@tdils RABE %S imgudes bealbfltiie/castiotatee partighsc @lsb, prefa[ehbly none of the

perip Celﬁeql %g\hces)(rﬁzlu@ggpegof%%&{ thoqgt\éb g@:‘ﬁor]sarE@ert &eWhllleosQl@ﬁ nge'ré'hces optimize

the oW for paTarBRIREIeENFESMEN Aoy Io8Y prﬁﬁge%@qvawa’fm af encompassed by

the pr"e@egit Sdpeditfltnk hﬁ/eﬁﬂbﬁlaﬁﬂ ﬁfa@btﬂldfb‘téﬁrﬁ@nfe&ﬂvamages acHlaisie by abdrgorating SiC
by the aspects of the invention

into 58'8%'}415%’ g 'n. In the present aspect of the
i niwenesi ab the opmeormtsbmtmawe pelectediasompin Sife the carbonated portions may be

cond&%mlmgﬂﬂ C'FHe"s%m%éh&Ich@s@bétFé@é mé?;Déléoar\aﬂe §|v5}|ét)n&|cbrﬁ*@drahd$hs and
as SO

|
compPHIAgE oE TIPS G PRry B eufE el g siiesy. The
semicbathictessub$tragf maya:bd:lyde expitdx@hsiiconnEhecsenmimondystivepubsizatimay be part of a
bulk §I|P8n ﬁg}gll &'ngaz Upé' é/enﬁ@c]nh@ctdrr&nt rtlfﬁlaﬂarr gsﬂﬂ) doRRduslRR. one

e car pOf I ONns. erana%)fnone of
t heverethe mf@waqf oeré\/@@té%s fPfd?ﬂOERﬂ’éat'B%é oo ireemecy Sk wtpriety of
methfdaldrd am&elvdﬁée‘ﬁr ﬁommhhlh@subu Gorpoiafi@r eseatiallypSiCayebetitm@rporated

into o§) gorltt:o% ldct|¥e rstrﬁg c%l;'nr/g?‘nﬂgn%l %QM@Q%SH@J& dovbci% gﬁéaét Breof the

rred con ura ons are enc
advanpta@egelnscna@cﬁmm mﬁy 202 echlqve@nli%mnt canwnﬁma' @Gtvamqembt@w $iC epitaxial

growth Preerdt gﬁ%|§ig§ﬁleﬁu‘é@dlég@r%r@noBbboiaﬂﬁ@SlgqrﬁtaEérﬁlgonﬁu@vb Bl trates. lon

'mp'aﬂma“%ygaﬁé; féé‘f’%(?{@éPQPé“"%sﬁ?”é' ?Pdg‘%k\fe Slﬁhﬁggt%ar bona% Sljer known
methpds; priesEms altempatives foommbrpotatiog BiE into gericontiuetive @hbwéfﬁéluct ive
substrate nmay al so have a variety of configurations
and conpositions. For exanple, the sem conductive
substrate may include nonocystalline silicon. The
sem conductive substrate may include expitaxi al
silicon. The sem conductive substrate nay be part of a
bul k silicon wafer or nay be part of a
sem conductor-on-insulator (SO) configuration.
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G ven the variety of opportunities for incorporating
SiCinto a nenory device, a variety of nethods are

wa@omemiasabl e for acconplishing such incorpor at PORUS2005/026365
Essentially, SiC may be incorporated into any

S &M Histd (e lﬂﬂ(@tzm@b Borlshtu@8 BN Elitbi618 BleclifesrISNSIC epitaxial growth

L Vi T ——
semicandveiord MEOS) srocess QNC Aparberx ¢anceryiaba o feMabayt0.2t0 about 2.5 atomic %

carborﬂﬁ QffdoRi ey IRLIEBRAS Qﬁﬁilnftl%radvé‘rﬁéﬁéé@é 8iCi giébefies: PratePably, from about 0.5
m conducti ve supstrates on i nplanting and/ or gas

to aboEﬁ 1f? YANiGge bR BER"| 'srﬁrBV'%Fdsem conductive substrate,
asceveding tasnahdrespdchaire imentiod s meprcasdavice &rming meettiod éngludes

rovndﬂ;'ng% sbARGSR t\;h&graﬁ 1‘§rn1nI Ebrﬁ'cﬁﬁle@ Bﬁ#Hﬁst derﬁ‘a semiconductive substrate that

trates. t raet ane r) %? '1@) e% .
contai Sie T8 8 TEHeS! EEMORISELS %’Pé@ﬁ U A e apgral fevices
includiflg Mékbry céiESidrsssing Gittuliry ahd rmeootyteemean airauity oaerdheeaﬁ:sﬂrqte At least

Nt e. .0
some oﬂ@ ﬁd@é‘.%g @g@r%né% g%lhél‘?&%’d%w\é( %@%gﬁi@g :ﬂ‘grlgg{sgg '){; F%%/\t/ SOIRe 8fa tP% peripheral
deviceg 9p delringludethercagionptedpeTt®NBut 0.2 to about 2.5 atomic %
C@Blbrﬁ‘rig thé carbdriafed %oﬂﬁf{s gy iftlideXbinting Hmadkingilayet B@r a memory array
reglon@n\é%?rao g@g‘fﬁ?"ci rqgldgt g e%te%%gréq,ugtﬁv%fsggs%rg e?/ renwfo(/lgg}h%k?\%éklng layer from
over trm'meamcm‘e drrayAegion, anqh@rmlog a3 byar lrag)p@@t withfthe memory array region. The
methobl r]%ﬁl@&é SR forrRin g BHERIY 15/8Mih E6htdcPW i 1RE pBRhBRAIEVIRE kdgitMiSand removing the
uctive substrate, form ng

mas“'@%‘?lﬁ% Haw%aefﬁbﬁ ?‘?r'BP]%rg'@FV'%@gg’gm conductive substrate
t IFat 2 sloovtsa part@l Sctidnar viewgf sabstate H)froof Figelnosiydingahérory array region
16 an@é&[ph%’gledeﬁk@%gkﬁtl e‘sﬁlgﬁ%nf@rlénoﬂ'geoqﬁ Lhgabse ab aﬁi@é! 2681814 is formed over

dr essi n%ém rcultr
{

solatien. T4 NASREPTETA BeHersaiRy B viias Suifits pivehoSafongg pic faver in
contadfwith Peripherell delidel BgionE BD AY ac eltdrsative) clasklé4 b be Brmbateclesively over
periphepatrl Eelv(i)cgsr‘e i t18I a%@%ll pg% o 05 &%v@gfr ﬁr&/@ﬁt{n forgﬁf{dncoqﬁ S%)Iayer in

nat ed , Formn
contaqt aith eﬁmherel Ck%'ﬁ? TQSI% 1%?"'?%“06%@‘6‘]“%??13{‘%0%@% faga suitable mask
14. layer over a menory array region and peripheral device
n of the sem 0 d u I
n’g%b?eﬂa ent ‘IJ‘oy\Jérlm ?gr s rﬁ%ogééril gtcrlwlgferg &%ﬁ ggéh%Wn w?lﬂg\@ I‘ng l;eh“grmed in
contadt wiithinegosy SBRCrdgippdp, huhnefdmentact wﬂt W'P*rﬁéa' Sevies r§9'a'i' 1§ Selective

conta&t%g‘&@riayeﬂ_@ﬁltmb edtilg }eg@ﬂ§ m@f’be babbRbed SiteShySeleaiiergrowth
era Vi ce

and/o? %%’B?) |qggo?%‘q:\gﬂa¥% g R H&Pqe r%%@y 5990 1 \PL Por} %eie%k)venfomhagon ?f SiC layer 8
over stibstiatee! Orvétyinmask 1Fseparaling RiGayea 8 framtdontactywith peiinhiaial deviegregion 18.

Sic Ia?ér &8 Qf%t\n)'n% Big 10ad Jo‘ag& ﬁb@znalllpbrnﬁEMgﬂyrAGaﬁ% HYG al‘lé\ﬁ’é(/er SiC layer 8
1 oNn 8 erl&era devi ce

ey IEISHIG fRG HSEEIRE G STa A DR dor G iiyeng caroon

. In such\t@se, tre@lcabtional 12| cisdbstretei 1pmegha notdevease as & doasrin Ei§. 3wbdn the added

mater abgf S?(p{ ggrtB IP(C??%ES {36 %}/ﬁﬁgl e{ég?ﬁo%l@gl' o‘?eukgfrat@ 1§' ﬁ\eﬁwé\)(r?gr mask 14 along

eral device region .
with 2 peRRRal .S{ﬁelay%ﬁén@mlwewa%}at@e 1% gpeheRrobste) C{Q’%‘P‘%/@EV“ g aovices the
const,rg.eﬂ‘dn@hgn,aqh Fidewi ce region 18 and still provide the

o ea%f:algtvﬁft? fﬁ eérfo\éefﬁtl i hfag\r/:ggneatr 09( onngy ﬁgh@fﬁ(mlﬁdqa SiC layerin
contacnwm |adeerwm"taytr@m@sar@raeoepmal bemet r§9!©fb¢f the saiiqoagycdive substrate,

remogﬁgzﬁ e &b Ia;ﬁ\"ﬁ’@rﬁ gb@me g ﬁé?él@b\ﬂ& |’@§|§r|f aﬂ»&leaﬂngﬁh@SiCﬁMﬁ!’r 08 at least a

as snown
ke nt a rateW‘O in Fig. 1 with

portongf 3 JeRPPASY EGIo0n P86 SIS HBr TORTA G gk
SiC Igyer 8 fphﬁafdaiverdmmwanraggeglm 1(Bas B asc;lennklerad:dﬂwcacr@gmﬂ%l?@ layer 8 is
not sﬁg%g%éﬁ \Sg%ezg, hcﬁ‘h‘f'zeﬁ ?% (lfedﬁg?% %ogﬁe&endmg upon the particular
deposition of SiC | ayer 8 og menory array region 16 or
non-sel ective formation of SiC |ayer 8 over substrate
10 with mask 14 separating Si.C |ayer 8 from contact
wi th peripheral device region 18.
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SiClayer 8 is shown in Fig. 3 as added material upon
menory array region 16. However, SiC |ayer 8 may
w0 p@bpsd2be formed within substrate 10, for exe@pUs2000926365
ion inplanting and/or gas diffusing carbon. In such
metho@@e’?&tedtf&ﬂorﬂ%rﬁ_a\/ﬁt nayerai rlteﬁ’r\(:ﬁbl b Bicsiuas B famevaeripiginl devide region 18

produ08§ ﬁ'lg%%?ﬁ rgé&n éownnlrcel? gases %ﬁ)ég ngrerlzlatt%b% eva? Jl‘ﬁﬁﬁ%rh'e?ém of specific
device$ imverborefingsiiBsaiteraetive PERthode ey e gsewletg lncarporatesti inf gush deyjees-

pﬁ’irtﬁé RBmBy dSlibe ihaydiig #h drifap 81 P R6ry cORIaAl b&idhdrdl devides over a

semlc%wﬂ eh g#p%lﬁta a\{% st '&gmgﬁp tﬁF tngplﬁa VI gneoﬁ;é% %@%}9 ? 21&%#% Bla? SiC layer in
the semioimnntiveadbsatet iToamdividyal |mw10ud®ll$ venteantpina HrEistosihet 'nislwies the
siC Iay&? [MtPrdt s\%rt:@dr%mn?g@ﬁﬂd %ch@ﬂrJn? @h@1 cRéHebeRRich RfIrdland second

ice region of the sem cond uctlve su
sources{SFAN fiE- b ARPVS; a@aﬂay &rolippa) MiewpEreledid Ca@PPﬁtﬁwfa %P TRIRAIY L0 that
may bé REILEEH, in amarrayed viemgrytdets. Sir&hsisty @0 inoladexta $iSdayer 22 as a part of

substrﬁg y {) 0 u%e/dtgwr?regpﬁr% %n@g Qt}fc%&ganéblonF 3CQlylthAa &szﬁbetween the

sourcesen F%jﬂ@ﬁ 28 Foreste Wf*%r\%ﬁoyﬂ%ﬁ%waé@' Fhartis Ge %‘?e!slfmmed
over g8 diRekirigher Ab nﬂ?ldé é?@réo%cpelcﬂﬁyer 22 6} dudytete B is Biclnddd in source/drain

reglonigr%@egiﬁaér} réagﬁn 36 an§ aerlnkel% :l'?a[hﬁllsjtgy\fovaﬁgd in I&de@%hopégge node junction

32 forped \emre@um@tdralrmempn 98 iand agnelt nodemmwa% f@rrnesmhln &9\gpe/drain region
30. NSLSRYSRe/RA o BRonSIEVAre4NiREIde BiCl By 20 BEigsaifceldidn regions 28 and
30 construction shown in Fig. 3. As may be appreciated

- fromthe exanples herein of specific devices
i caroper adpeciepf Be @vertion e rraddny eccees herdery deyjcejeclygisa g siligpn substrate,

an arr. d\)q&%e?&rrﬁéeﬁs &}e@th’e@h&téfécjéhdd&\fbﬁe@ﬁ de\h(ﬂastﬂhﬁjdmg ARGy cell addressing

evi ce I1ncl |n an arra

crcuiygp BRETE o=l 7% LB e U SORTEB R D TSHBUpl ey g noudes

a conduemty dopeE pahat e layerdn thie delralcornmmmeysuluxﬁ‘atesanmlucm tdngistor:that -

contm%ﬁe %'i’@{aylé Cpca tr@ys%[lrcélgrahh? &Nl SQARUATLh Vd %%ﬂaﬂn@%éﬁmeen the firstand . |

may contain. a tran
second RewreasfsiEding dong erthSP@PF‘%rﬁleqe‘"ic?ﬁ igolpqer gy SLolyEd) ‘3? S conguctive
substracond sour ce/ dr ai n and a channel between the first

22‘%{“?‘ s %Fg60§8Hhe | <§ 'a'&%rasd: 6r9nchl%e§§9<¥}ﬁ|?@nd9§f‘vé E@dstrate afirst

I ew o transi s
sourc@@’amhageqqaq/sqy@ce{q@m @d:@@wqehm@yplrgga Wb@pteﬁ@%gwofd@ qsegmconductwe

substrifedRet c&htShs $18 vettiekH d\%Slrs@ al @cbribyﬁijrcgé’ldr&&s angaite operationally
assoc%%%ﬁ%%%b?ogh%’s*d% fqﬁ %‘ﬁmwl aﬁ% iS 3 %UOGPY er%g\lﬂ?%ﬂﬁtpﬂ the chtaﬂnel ofa

transistaruragieg digate rmpergtgqngﬂy@sﬁ@:@t@t)mth/ppgg@@ siHes |oklbe plpafmgl4n ¢agmparison to a
gate d Qfaff&%]l? LbciSBaRRE sn?g?e 886 odhIHafne 6Th§8|ﬁ%;5€?@ s@éﬁﬁl advantages to

t 24.
such @zstam%wi?qn%%a@somo eI Wi Pt S PaYED
2&o-caieti ‘GelimkraionalT (@d)) davidB, suahéds EihBlFhend \@glcarlfraawsp@t@n be
examéﬂ% ﬁftr%gsétgrg Lt gieé‘or%pg'b g%s@é%qﬁt gh‘ @ﬁadngln A%gorélﬁ’élm transistor of the

n source/drain r t%l
presept aspedt Qﬂh%@VGFWP’PT@a”W?“I‘ﬂer? ‘?5[9?'6@/‘%1?"85 b t@eg‘ftﬁﬂn% glevationally above
the wa%b@’@é/MramSénG ftmcﬁhdg;btlrcévedm dlavatdnaebodRthanicenddl. Also, the transistor

may |%%ude ﬂaetgrﬁ!)t{%glga rW|h ﬁ%ﬁ Feegcﬁ“ﬁbgflﬁs?&h%gl%raﬁ'ﬁtr%%gcond

asﬁec
sourceldrirs therpaienany afueai@alhibioudetse ghasnelishaiig S0®SATEeEElevgtonal level
ar'lrr%Xraﬁélst&PfﬂW ertHéfEinblﬁdé)é/ Qéte tiBRciBY B@c&/ééﬂtﬁe ga?i@ gnd the channel. The SiC

evices. in
of | Ty e HEBIAG BT PR ProHT 5 B0 S B sae et
and nambdﬁdwlthEMam‘fel tdneati leasht partjusdrrownsied by the Si¢. sThe channel core may
extenl ﬂ&!n%%ﬁst%o&@&%fﬁ% ¥elk¥cHia Q&Qq;e/d?ralﬁn@ﬁe SIcCndyRes a tHtkh&¥8 of from
sem conductive substrate and I ncludes a transistor
that contains the SiC layergin a first source/drain, a
second source/drain, and a channel between the first
and second sources/drains. None of the peripheral

devi ces include any SiC layer in the sem conductive
substrate.
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In further aspect of the invention, a transistor
i ncl udes a seni conductive substrate, a first

W@ owweOE26a6 ai n, a second source/drain, a channePCT/US2005/026365
including a carbonated portion of the sem conductive

about %’@%Bélﬁﬁéo hﬁtﬁmﬁ@ Nt tFﬁhs@bGnQﬁlSéhﬁ@LﬁUeH hea fnkafn%fy detige, for example a
oSSBT o o T oS BB 2 Ry ponses
portiongof the eérpicpndovtivdsdbsiietehi n t he channel of a transi stor

hﬁgé 'wana 7%5&‘ Qr@é‘éoﬂé VR dr ¥ 335 BaHalsRr @t NVlgHbeQBﬁﬁédi 3%y those of

il 3 5 AT o B BT S 898 or g g e
42, a dtdiasbied a aHaemSme:extmpmﬂgtfsmsmmedlz tadhaiadtadastetdd avercthannel 48 can
be see%%g%Bér?%nF%sgébt&Pmpbm dideslof &Rahe 1‘49r ﬁoﬂ%étﬁy @RESPand 7 show

only selepiqq qqgﬁgnqgﬁaqf a 3(% trg»3|sa§{ﬂrﬁlggt%|tl%gﬁﬁ§§s ﬁndnlﬁfgl’ﬁlogﬁla’ leave out other
compdﬁ@rﬁtﬁ isQér ad th@ Ordedying Ssmicchidudiies subatrgit, erssutatiort Iapans idSfusiorsregions, etc.

Also, IW Scor %?‘?] grl% n?er}? ﬁg%%ﬂlﬁg %gﬁﬁa&‘lstﬁrgﬁh & vggb%{'&%l -D tran3|stofrs known to

gly res
those eftpsdinany eifit MarbereRguGRED NersPatas of S@amto ttﬂ%ﬁ‘ﬁ@"’sei)scﬂf syghdgvices. It wil

be apﬁr&ﬁ’até‘d"tﬂéklwﬂ) trEhSANGHAD PG bk YorABOUea bdmicdridudtive SEIstrate /stkehathat it

comprgﬁ%ﬁhgqral'?rﬁ%sgor alnﬁ 4 rp?)& /8%%? |0{1 SF % B‘f%nsns Qrazlol 't c@fpﬁ%Y?atlli R?y be generated
through chaneie 180 ISomietplrtion neagly pisiodise 42, deam#ﬁ @ﬁtet4|4earfd| g aygrent path through
chann%lﬁlté?@éé{sﬂé@'oﬂe f%rfﬁﬁo§§8\%ﬂ&1a$@#€l ce/ dr ﬁla:] nt hengag e, and a

e sol JRPE BTt B PSRCTE o Rayer o ey AR Galgetals o
underlging edratratitiehse Spetiicai e vk ansistoe 4@ mtiedesracbatehdielediviivaietween gate 44
and chafel %E CS%fméth‘?al SO R dedRHniPE ché?ﬁ@ltp%ﬁpﬁ@r} ﬁb)ﬂmﬁte%h HMHake with gate

proxi mate an interface wt

celeclp 57 G F Pe! RGP SEE PR RIS PR ERUTHRE PY S Betggel 0. The

channlel&:aﬁetexrbaﬂé from sourceoemidechilgs. t he Si C. The channel: core

n%f\e%)f‘ﬁ g 5358%5 \W@z E&J n%otratﬁg'é{(f:ﬁ(o ﬁicEnELﬁ)sfrﬁ? |s§ﬁé%%dpotentlél

source
stressfang Iﬁéﬁmlﬁﬁt'b@w at the drieyieee E@We%h%]@ BR% Fecan-prRduss dgfRgisangdr hence, leakage
currerfRYSURE Ielakbfdelbdeéinésrésﬁedwﬁﬁg Mfldéﬁtwvhéﬁ thef dafecesx R B, &re iMsource/drain

deplet&)é'u g?‘S}J(%IHS eg g%ownvvo rH:s? g{}orcﬁn %{ g(lll 9163\/[5 %Sr?s.sw% trﬁessource/grain depletion

ove nclu
regiong analyibe tesaigfl abeis thedmiprdasa emmﬁé%wmwmeﬁ apii 8h drging§q With source

42 ren?ov%@ QW@QV ﬁn@%@ﬁtlbhf 8f dﬁhm&ﬁheﬁelﬁm@sblﬁrw&pﬁ@rﬁ rebl’cbatmay form is clearly
| nar

show e i kbt pouep) S P1oeeits B o B3 may exenc
from the almnsuaysom@e 4hictedalesnta clannel @8 ta2 distanetr detaimingd byhenyzpplied bias.
Anothgnﬁa'ﬂrb? he‘égur@é(ﬁgd'\gl'oﬁ‘ gagfo'h %y%%ﬁ&ﬁorﬁ%etcﬂamemgfsoﬁ@e 412\|nterface into

over channel "48 e h Q %
sourca 4261 oSO HOGPIEE Mg PEre Bes CRANAENHY, e depitién regons
extendNBbrh @B&IDH §0 tofaibgut.806 Aagettorris Sittonhanmel ¥8 grel otce d? for a total depth of from
abou&g&p Jﬁgﬂ\t%ogkn%ﬂgmg transistor for illustration
es and tentionally | eave out other conponents
Lﬁﬂga"ﬂ?S% e dapledion Kpoings @@fﬁ%fé"rﬁmégh wyéﬁseﬁw?%f*%fects it any, at the
lnterfalcaibé'llw@éﬁ Siph&HESiS ma@dr‘alfﬂwi‘dne Ehercﬁgmrﬂnéhre eftohanndl 48mot Edrggsning SiC so
that a(};é%rf]%clt%,prgn%u%gér%ra? L% @cl-:‘sg{r(%m r o WA] értngll ;E)aher %gp#eﬁ I@l?fjrngtenal 50 at
eithersshdl bi charene! #%neas aelred 42cor degin %naydmvathimp@flo@pg;onmﬂ-@wever the bulk

of per‘ph@rapé]@%{%rglng esxfég‘a’ﬂ Q%Hé @lg%ngﬂhtof &“énhel e pafeERsdurle®d and drain 46

s avgRAgeRIDECTVB SHIBLYT Eahes ACTPrIhilY Teoc g 8L Sig-conaining
chanrlediney still bk panEies bythe aordiguratimmrshopeindtigso® aws 7 8ved in the circumstance when

. t ransi I be generated through

mcorp@ﬁaglﬁigﬁtrﬁéo-lu%% d&&%étttﬁg{c%?%%gc " of sgur ce 42, drai ng
46, gate 44, and a current path through channel 48 may
share one common el evational |evel. Also, Fig. 7 shows
the 3-D transistor 40 of Fig. 6 with source 42 renoved
to reveal details of underlying constructions.
Specifically, 3-D transistor 40 includes a gate
dlelectrlc 52 betmeen gate 44 and channel 48. SiC

o o e~ "
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dielectric 52, but is not |located within a channe

core at least partly surrounded by SiC material 50.
wab@e1wb@nnel core extends from source 42 to PCHUR0MME026365

One difficulty associated with incorporating SiCinto

argd. |8la¢ae@ shdWp ér&@écﬁ\/el Vedd it stlgariRioe 60 bridnteditve@isaly aistbad of

cory D oo i B B0 o s
illustratieredsaiipeudsed elpmrs Witk pasaidtb ByP kangisiof @ dfqr exdienie, thecoverall configuration

of 3- D?rgnsf‘sgcﬁgo nkdd I‘Y’Hi‘}ée cﬁiﬁ&wcbﬂas%‘%\&r?iﬂ/%sa& Shdke FAI&I bél@cted components such

as souGeR IS P57 chancin L Be eGP e R ah TSR TR g BB
semicdreudtioe aibatiata etetd bidiscratd enfipmoentoés shiownnaiD B sigiot 0 includes a

chann%%ﬁ %gat%ﬁ%g%%\)@' 4 &tail %? 'aﬂ?]é’ @ouréé' éZhelélQﬁUnQﬁ‘y &bévé &%N& dsl Rgate 64 is

tion o annel wherei'n t he
operatigey aesasiISHeth GRPARAY SsF i el %r?%f%ﬁ&qﬁ{emﬂ%edr'u BB reveal the
speCIﬂKB@Wﬁudtlﬁn biupsgneps.or di nary skill, one part of the

4 }lfﬁl%r |e9 %\Rhgﬁalnﬁgl %;bnclr ¥to Aﬁ)ta%] gﬁ:pra?e%m IEJ?%X%-F@@ r%1edate dielectric 72

urce

is provitiet detweeregpt 54 Whﬁprpﬁl PR A §|Cd§a’f9f}!a‘16@ [§dqcaled mithig @ PFH@‘E"V of channel
68 pr&%feoa% ifleRlcebb@Ret 4tk aRIBIY 72Xiddhen el 681 $ih enatdrianTta not located

v s A A A S S ek T S e e
from sbiree 6Rfoldein 8 Aley theriwikext Sirdatenab i nngwthmlJtCGldaﬁyb@npletlon region.
8@ é\'ﬁﬂ%tn&% 4'0]'}59 66 BANGE b-oARaydsR r&ﬂb@d?é?\dﬂaz mlo@ifiecin accordance with

any cqtqg%glpnﬂ?e gmd gwnggrgugbgﬁhosreecaﬁc éhaﬁ_gi?#t Opé?%%éw tﬁe channel of
such daviaas if kespingmsth tldaehabq)ds debdribedygreint Othhetharnthenrfdg:g@d changes little if
any mgﬁnc%&?of @ﬁﬁﬁe%ﬁél@%br@ét%nml%rdb al exé&téﬁrlg a&é&ﬁhnﬁb‘ﬂﬁt@ Rbrporation of SiC.

annel cont al nj n
(7 wother PRSRREEE QIS BIMSPIE B S TSR, =
sourc@&éh @éecbﬂitﬁcop&j‘eldphe raadl a Gat€ revetsedirad thb Beraicomiutiversulsstrdte between

the fw% gnﬁ? s?%o i sourc%sf&%ﬂ\rs ag:ﬂgl%%l ﬁaucﬁﬁeq %5%&%%@ pGR¥n mhé/\éérn?édﬂduct|ve :

ronre eri pheral SiC
substrﬁmﬂ@q’c ceqtaimpSi )@ Qﬂ@éﬁtlﬁ@allé pmgna{eﬁ with @Wlﬁg 6|pe§:?fél?ﬁ,]@te /By way of
exam@@%%%uéébﬂfcﬁﬁaﬂ% tRAekef trR gateddhditite chevanivitgle $83 §f tiothannel being -

‘locatem\mtg g cglarﬁmsﬁr{eép nery?]e i OntSé anAnqgrPa gbv[?rg{h?é ’g%trel?i?ele%g\éa'?h@%%smay have a.

RaRel ovid
thickne$seof Fomfabgt F@td aho?uts%\ﬁrﬁlg$tfﬁ>"ﬁl gs. 6 and 7 even in the

Ci FrgC Wﬁﬁdﬂ@%&ra\‘\@@ter 1 0G4t Pr% Ak indRIdS Vathitd @ﬂam@@ celefeeisistor 120

neluc i 845" 19025 T EHIG ISP U b I B VAP AP U 122
formetl méthie abséite 122. ek ghtk yieleFirig 424 i8 faimeld Over A€ Iewag 1@ﬁwryd agate 126 is
formed %Le@%gt@%le%‘am Q?ﬁa NESte Ab6 B réf¥r|?éo()c§las Frbbdsk é’ tsﬁhbe ft %rlocated within a

urposes o ustration as
reces§ @g’g&pc{jn ﬁbbsgatg 122 a,ﬁgria%sgséqr cgr@nelr_eéfengg(%ﬁ%ﬁeém sonrﬁg{dwe@%?ns 128 through
subst@@N2D aud Atiudds IE 1a3eD130r SiGslagdr 080 i8@Isninetiderbin sberce/drain regions 128.

Tran&%or | M rgJ:esge?d Y45 rleﬂegéngssone %xﬁ'ﬁﬁe Sra Husre h%ﬁh& § tSftgcontamlng

as sources/dral ns an channel s may be
channeh@@geftlamallt ém@ﬁféﬁﬂ\’ﬁh gestosite 8ided ¢fRigAan under | yi ng

S Qb‘ﬂece@%ﬂﬁg‘el oV g8 réi:!ébs“eﬂ rga{erelnE@Ts it Qﬁvndﬁb&lbﬁ@@ gate length for a given

featurg ﬁl%n g«ﬁm}){%l ?ra/ g?t]e %tglln Ithe sta@g\rfesa{u?ré rregll e ylgg& gxﬁgh é?fworter cgate length.
Convérﬁlomnyg\namslgnralarejofabmm,ned; wiinihe batg ieleptrigap @ rrmoq:rgstalllne S|I|con surface
exhlbfﬂﬁ§5 é‘¥d09 Q@r]s{a)fog?%%cdn@ﬁtgﬁbnw% Rn&ﬁﬂ@ﬁiogé?o’rfdrdj%y Qflll forming the gate

d'e'eqtrn@néfgfeﬂ 3B+ iRcastth e DY Gre CRARABTS B! PRrHdy fithg recessec
gate, Bhiy B smblapm’ﬁin of BreoéceSs Waltsrtizat bappeo to Mbpagalle! valb e €1P0> plaoe will posses
a <104 SR o, Inn i SR REIALs hof B F PSR pEEREEHTR BofiT i upon

a periphery of channel 68 prroxinmate an interface

between gate dielectric 72 and channel 68. SiC

material 70 is not |located within a core of channel 68

at |l east partly surrounded by SiC material 70. The

channel core extends
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fromsource 62 to drain 66. Also, the bulk of SiC
material 70 is not with a source/drain depletion

w0 e@oome2dhe 3-D transistors 40 and 60 of Fi gsPCBUS2008§26365
be produced and/or nodified in accordance with any

their sﬁéﬂév PREIORRY, uféﬁiabélﬂnﬂéﬁébé’fbhér@é dsrwﬁfl mﬁyl FROSRr a REERPH gate device.

Fortun& %géc ?oﬁ? nmeqpcha%el acicHrd{nﬁg {]?Stphesarﬂ aa esc&{;)ff trE)es iﬁ\(/:e:]?gcr)nema
advantagﬁ@{slytnm@gatet the otherdise dnceepsediategfacse, chrige deesity pecauge of the SiC material
prope,ﬁqggi@gsbmalh@,@mof conventional fabrication rret hods IS

dat t
R Fber sl MEaRon. AUBRTDT T B mseraaspusti pipgisge. e
transigiorsewce/ dauegionie tetdemicoadusiivessubstragd, aseennd dhukisidrrspurge/drain region in

the seftoRARtRUMb SRt bR A iraritthr BnHhAbiGhdt B6E&SREEbnidlt SictddBveen the first and

sem conductive substrate between the first and second
second §eireqddpig Fegions:. A RO RET Jupgiien tfdanﬁ'@e fgstéaws%m@tnéag'on and a digit node
junctiqpas bri 1ha sedond beurcaédaic caytbuc The stomgd sédedtrestibrhartd/ce digit addegunction

mclud?h gaﬂb§na9&e@?tto'n %Pff% %gm@m%tvggﬁgstr\ﬁfettﬁéé Q&F e@é éﬁ@ %kg@? of:gxample if

the stcafesew@ﬁ Jmh@nga@tem%ﬁ@ thﬁé theriie h@ﬂr a fhickrese REfrag ebayt 2G0He about 500
Angst@han féhe digi ioge ]uﬁ@t@h @6ntdihé BicNthan e B4s tﬁﬁkneﬁé‘leﬁ fbm about 50 to about

150 A&S %OWﬁyI”F]e na‘c:;fnt ;or a‘ﬁ%ng\ée dagnc%ncr)nom %o”%‘ﬁtdé éa%gltb ﬁeal aQ?bs&lcon of the
respediivg seures/uain Figipn. T Ee epigwie! sticer mA beselenatiazdy altvue thespanyel, asina
ralsed' éBQJcHﬂ%ﬂw d%ﬁd&#dﬁo@o@ﬁ@?%&nf@@ﬂahon Transi stor 120 includes

155 B BErar R By SR AT R pemeBigel 3k G0 nctuses
a semipgbdiichiget sebsti2R: 78Aa gawtres/dibie Iregidnrd8dorir@d witkin Salystrete 78vasource/drain

reglonséoq'o AU Sithid 30 78, %tae(ra%g@toi Shahii B8 thaPydRE nBt&bofitain SiC between
dielectric 124, Gate Is referred

SourciipEETH R 31 o0 <A PGP BRSP4 PR SBLETHa FAPN & nd ot
node fndish Datsen kddtce/dralniregiai &8 dNotablyasiepe eodegurdorhdt imeetes a SiC layer 82

also \AﬁtﬂHr 8 ccgar%fnré g{ a A 'bi%t]r%gg E&I%H @H cM%@é% gk}g )Je?g?; @/P{qn souace/dram

region 45. s“@mhe\etn SR 'Yee@"tnaésorz’éthew%mgﬁsgf Bfrs"iiﬁ?gr\?ﬁzltarr'}‘% SIC layer 83, the

SiC of Si6ragside gﬁ&t&)nbﬁﬁaﬁ £ preame thicknads thad XL ef difit de junction 94. Such

tthkﬂ%g %ré"ncgs ﬁ%&jn%gda% t%' Seﬁ&gltp fajenc% fglhaad’éggér dunctlon at a storage node in

op erat 1 ona asso
Compg@P@tO Cigit %PQQ afigalgalieisctrig 8¢ M@@@@Vqﬁ‘@f&bﬁﬁ ¥ q Qsat% $faip formed over
gate didledtic®4i des a | onger gate length for a given feature

arFiga 1 ﬁ%p\%g}ga%gs[ﬁ{@ﬁQﬁﬂgq E;F\émai‘%“gé]q Vtél e eﬁmemory cgf and 1nc|udes similar

featur€piovieaseidisasised/above ergsiding diensisiereB0dt Flen1 Of withiike reference hinerals
denotPd il Gt 'T‘Far%@to@m@lﬂaﬁde\é%trﬁilséd PArcsldldit N &UF RS a storage/digit

NG LRI g RTE MR Y M
Certaml|ce|h\@oﬁcm|a|a:ooﬁigutduens<fdzﬂﬁmssiora pcoMideraadisgedsoutdediraimtherupBegitaxial growth
of snllc%n % g@elgﬁﬂ&{a‘ ¥ve? F?Jv@ e Jhgﬁ]r?ell Sé@% ereygntt Qd@né&%%&siﬁ ﬁpltaXIEﬂ growth

a s ortion of recess wal
teCh”ﬁa‘iﬁfé $G @uweepﬁ@@aéawowrh G R CPrRRIned withePipah @“Wh qf S\B%%@%rsa raised
sourcé/dréml (Pseesy donbiticrsiobthe ghawaf packsk ieay he crsfemarides duslyedd@ight for
epltaxgijl g%con is re%cgg% Ql‘rr:chlt%t agcﬂt o% Iggg&@h 9%9%%% 8% MEQQéeIa%aﬂrce/draV

Incre ace C
nefys wnbwanprac@tedarmetbeglgws'gm heerel® (ieceneficist espaels f groviding SiC in

storag%'/o(t‘?%eé ﬁh&ioﬂgtoqme RinctRfH Qéé'kgger}ﬁa} dsdt H@%p@l‘kﬁﬁl@ EH th@ & B@fstors having

he |nvent nma vant age
aatesGp ABHTIS R LR BT PATRITT 00, B SPYeR AR b0 Sdan. Sic-
contamfngtstwagsid@tmradaemmcabnqonaaptmmcclmd drersemorp delvidee mih an alray ¢i memory
further aspect of the invention, a nenory cel
i ncludes a sem conductive substrate, a first
transistor source/drain regigon in the sem conductive
substrate, a second transistor source/drain region in
the sem conductive substrate, and a transistor channe
t hat does not contain SiC between the first and second
source/drain regions. A storage node junction is on
the first source/drain region and a digit node
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junction is on the second source/drain region. The
storage node junction and/or digit node junction

WO p@b0tw2@ car bonated portion of the sem conduRCT/V82005/026365
substrate that contains SiC. By way of exanple, if the

cells m§|h@iﬁ§gﬁbt5ﬂéf&| HoHiBRd drAemRBARICHR sbdtratd dMdpetiptRrabtiévidea thatido not

500 An | f
ncluaq gy SR stons BHAe FaticaBReie s *Then The 91 G has

t Bepsoding sp@f précessirandiions Y methadblogies KIBYN inigeser o pedinamhkill for

mcorpcgfgtﬂ{ga&ﬁ@ |n?<{‘é16r9§e/€iélgidde flﬁ’ngt%nls %Fgcts%y%ﬁﬁtfwﬁ‘éeﬂ%t ﬁ'e@uté’f&)te between
I taxi al r.al, n

{
SIC anl S NGHE SoviE e RN of DI Telo 1o g BECBI LY SOTAGER rocs i
potentiaiioauewdigreanylzevemétges mseduging Junanosewakagmn te/sthragerdigit node junction. As
such, §<9c91fflglgéﬁoﬂttﬁag goé%rno%k@édvgrq%é &%Eﬁ&rfﬁgﬁbe éﬁhSnceﬂﬂQné BeWSbI& with SiC-

I stor i ncl ud hin a nenp |¥nas
{

containieg GhannSIR 4558 BEFTABID F1ROIS0CREN amg%qweaﬁafﬁ&fﬁss%ted he
encom‘iau&‘x‘aﬂ bﬁlt/zihoEBasp@ctSOuheﬁdedérﬁlnnerrtlegl on 88 forned within

gis:lbﬁeaélgadzf%ntaﬁngp&g\?cﬁé 5Bl J R gpon%(?ncg@g'ﬁgre%&'d%b%ct density,

I st or ann
hlgherMamwrantnf defegistaea Wéé?ﬂt@ﬂﬁﬂv and spmgi addedRyPeRTEIng eomRIRKity resulting

from intyratifig #8569 HO\W&/@E pbw"lﬁé AdvBntdesiifcluaB rédabsdiavaiomieBkage if defects are

contro@ngﬁng}éf %Fléﬁ)ﬁglpg aptgﬂzeé%an(a dﬁg?lﬁgglgsc)hrlmc%n gea{)thes nggp less dog?nt diffusion in
the préd2ndenf lcartiersindheSiC  Bhgllew j@2ticl depthaarterd mg@b@ﬁS&@vlejWWement in

sourcerlc?rglh%%c%%t% z?a?!éltsuﬁlﬂf#@shblbl%kééén 94 contains a SiC |ayer

¢ Epsitio eeRRREn T BOHIBR SIGIE CTHTERINELOE By e B ke cugsnt much
reducetindlaififGutealyeirrie8 Bwemrige(Dans taiératicinaf bige biae ternijiruerotitions (Bigh
temperb%.?re t‘ﬁ%hg&%ﬁ%eﬁ Id leﬁtg 'Eber%&uctenlﬁfgsﬁoﬁ%o@gg t&fiovilb&idr UF@@? and further

I ckness differences

scaling ﬁfeacg%qséiewesp Pefestie op5 P osoieRs Ul DInTelTdh GRS 1t source
m;ectl@rt ST Qvith edpedt b icdegsmgidsdmbiboaral islhgidesirabldecaugingjaibe leakage. SiC-
contamlng Ft?a%%él's Gant écridc%gt@_r lg}ﬁg?sgm the I&g&é}‘\g%nc%%f ﬁ\@@o c&ﬁ\}e@tlo%@amer on:
drain bias Y8 BGEEN ﬁatthenqusem%céﬂ@ bATRI e Wt{%ef?dé‘sﬁ@%?%?t'y compared
to a cife@hél IRREg tr{é(é.@ldes simlar features to those discussed

S}egp% elgalﬁzdl n fren Sr%agyZpL S\z Ha %QIE{X%]C gén%ﬂts loQ'ne o\%vﬂ E‘n ’nblﬁ@es aIIO\;;llng

(hresHDRiamisgstg) arBIA-profogcielaas Y alite BellOWETSHER al-aaer ogPlialiars. inciuding

DRAM. n@%l&'\@@ﬁ toath§§eQﬁ‘ &Q%@'sﬂiltefﬁ@@ IdWHﬁVIérﬂWQQi’edU&lﬁg" gdwer consumption, are
nt al

Imﬁec&t&ﬂp%lpﬂﬁaa? ﬁur@@t 3?:8%86%{/ éfq%%(a Lrpc(%tgec&m %Sﬁ\e/cere sed b psing the SiC-
contaiaing thaywelabf the ssdects of thaimgewivorteenpv: evd ¥e can lpcalp\y@réd for low-power
DRAMPOUr ce/drain through epitaxial growth of silicon to an

el evati onal |evel above the channe

adigid dugirates qeﬂer@IB’ PYwavAf em ﬁuttr@z‘: P}\h\fv?ﬁfg gmgq%ogl B embodiment of a
comp&uer?steml 400 6t@rdirgy to'ah Iaspbamfltie peexeht imedtion. tdmrre)piet syeieg] 400 includes a
monit&" 4%\910{ oy c%lnH ﬁggloﬁ %[xtp@thd'eabec' %Qei&ﬁfdcfyé %Qr co}%"n%ﬁféétﬁ)n in put

roces once
dewccti @nil p thhﬁ?éiogﬁit"fof‘o MO@BEbP%Bé |48‘11 cayy qafTy érﬁn'?f@prP%eéE‘?‘i 686 SLRRET data
proceEJh'T}gt urﬁdéﬂdta't Raglong Fr@bhbﬂ' dRUieY hae Memdey ddvick 88 ta etrise various
o SRR R PR BT 2} e LA arey o mmor e
and spehcariaglicagbeSiaCples with atdseseind pgquttryrﬁ@@aecqsgn@ inpigiggal pgmory cells in the

array. r eghiee tHeW&rﬁér?aellla?r@ @Q‘poem%}épléﬁ £ Bsy aRmt ﬂoﬁr’é@&ﬁg 8§82 618 the memory
ranS|St0rS havi n

cele. g ARSI AT oA o <o g gBb B B e dhepriRiaf betyps memor
devicSi 08 drairdrytessoir @A riuah isiillugtratiédin dwadlatk giagranoef ¢he roetberbeand 404 shown in
may be included in nenory devices with an array of
menorycel | s including carbonated portions of a
sem conductive substrate angyperipheral devices that
do not include any carbonated portions of the
sem conducti ve substrate. Dependi ng upon process
condi ti ons and met hodol ogi es known to t hose of
ordinary skill for incorporating SiCinto
storage/dlglt node junctions, defects may be

o, " Y 1. .
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SiCand Si in the source/drain region. Accordingly,
t he di sadvant ages of such added defects m ght
weotoentlead |y out wei gh any advantages in reduci PGI/US2005/026365
junction | eakage in the storage/digit node junction.
Fig. 14A$n U4 BlocrRdiBga] Bb badrbRgichaiirydoRsstait ot ak@amituardaagiecuitry is
ilustra éggﬁé ormance enhancenents avail able with
§F ai ning channels is |ess desirable. Even so,
sinartiewtboaspeeinefdheinention MemoBHeras 4PGcansomerpeRhiRaTBRIMOrY Module.

For erMpIé! %Hg%uﬁ»-m?e%rﬁaﬁb@ nfebiule &I SR8 Hudl mzlﬁatmemﬁbry iRegsdsibrMs) may

o e Pk b S B SR OBy momon e
can bedntorperdted ifitocaf efta warigly of drsigng that proVidecdiiferem cnethode ofgg@&qg from and

wntung%& ﬁé@ﬁlgﬁl'c@ﬁé SHRIO L (Ynos,r &:%H WetrBg lsftﬁé’ﬂéqeﬂﬁc%ﬁroééﬂa% PSQ% mode

Howev er ossi bl e advant ages i ncl ude red q
operatil o N i chGRPA Y WA RELOl SLESDBRE FaH 1 a ey ot amys and
randorhlf @tdessimCditiérent colpinhsiofzietareand Daﬂaastdren/mnhej rawehd colurdepterssction can

be reaggﬁcz é}tﬂp%ﬁl@ﬁe @g&?ﬁﬁnnqé fdcHgkgn in the presence Of car bon

ow junction depths are a hig
d &8 plteipatie (yRp pHsyiea ﬁ,tthq extangeq data alﬂtaytrQEP%bm%rﬁgryttr@t allows data stored

at a mEMety %ﬁéy Sddkesk iy eshalidbld fakageattePhe abidrbssca duiamh ageiseeafclosed. This

memoB/ech 515 eeag%?sqng%#opn c:uhni:’mtn o(r;f‘mle leJ%d%%b gﬁo%ﬁr# s%gg%rgéé:g&g a{anals without reducing

the timleomhiEmeDIYBUIpL d2t 8 Ekailhin om e Memgry tysa Ot Alemptve types of devices
mclud&@ﬁﬂAM' B’ SORAHN St BRIANALAM 8nd Dir@DRBRAML & Wellfds@k@)s such as SRAM
Fi é to reduce threshold voltage for | ow power
or asﬁF@\?\Wor Bd further scaling of access devices. As known
t Bigt hbidestrates arsthhplifiedyblack idlagramDif Blhighdévet erganizakigvefvarigys gmbodiments .
of an éxgﬁ"n Lérlé‘cﬁor'a@ky%@rﬁ 290 el 'ré%&nt%vtehtlorne%Pﬁ% 7b@can correspond to, for

|nc sin rain bias and is not des
e SRR e e Sk R A SRRy gl o rocese
and afdycibtes sremorygy E!ldc&ordemtedemaammntthealwmems incijiding @ pnacessor or

‘ arlthmgffflcrllgiceﬂmp(ﬁLg ﬂiz” E&r@rﬁl unfe Y641 a%erﬁUr;g&v%%h?P?&H A antiffRtoutput (1/0)

rier 1S not |owered
devicesfO§n ﬁﬁn@aﬁw iyct@amﬁt@a 7PQwill hayeapalyve F%&R‘Pﬁ@‘ci'%‘é thet gpecify
operationReECHef@rmheRiRdnaes lyUlfe @ bdessaY 0Pa@Notike irtersctiohebetwer the processor

702, tbenef L4 %%\(Roe;]l%ltgéG Q@dt &b |/6'?18\'/iéé@%i3 alng Qgﬁ BW?@@%‘B Iefhates all

e-source vo
operatmmfu;@l pfogessPoif2p Wmﬁymewé%ﬁ%cﬁw hq' eMiReA g ODRygantinugusly

cychn&ﬁﬁ%@h h@etdt Qﬁﬁaﬁb‘ns Matladad Msthkiidns to 6 fe@héSfrdnd the@vedorMievice 706

and e)fﬁckjtﬁy g@gﬁé@g%ﬁ@f)? gﬁPtmqﬁ‘C%grlﬁgrlf/ ﬁngce%G i Iu%e%( bm Js ﬁgt Ilmftez% to, random
access aemoyy (R&bN) deviced, rbgd-endi memaeri R Clayiseniand nglpbﬁakﬂ@éllc&ss suchas a

flopprJflsktdh%e ?rgipae&‘hﬁ) é’(fdlsjkr@b R@M%mé he df B@i‘l’haWskﬂWdthé@ﬁ willdinderstand,

upon @éﬁgg a9 %pmpfﬁpeo\gﬂg tag d§§|8?.}16? éhat Blmoqmnﬁﬁkyatﬁg Iecécpca?components are
capabld dfibtiag fabricaternio érinde DRAKtcellxf in acapatzpe with \&Wiguseaspe@of the present
mvent%g]cordl ng to an aspect of the present invention.

uter system 400 includes a nonitor 401 r othe

C d—‘rrmﬁﬁ iscagimpiiied B@Mlam pfceéhlgraleyﬁwgandlg%jloa Qﬁvagpusoqnpp@pments of an
exem@@r@'@éﬂ’dr&ﬁﬁ éy@l@ml gOpUThelgéiears00 aeiides amemerylueaicel8eX4at has an array of

memaqly %e@ ggﬁg géjrs dcegscﬂarr] 38631}3'\,\}’ %c%esg'n g&ﬁtﬁ{ Efb%eg‘o%.%n g&@@sscyircu;try 810,

SIng uni
read/\m;evccm@romsuntrmwmoawline@p@@@nwﬁld@m&iﬁwt@é Cieality i The memory

devic@805GkIRr Q\fcluﬁ&epdw%v&féhltr? g1l Qﬁ@génb&g 820) QY- asMaﬁ‘thiéensors for
devi ce 408 g cel Is
deterrglmgﬂ WE?W%@P @srﬁorgge E'Bfﬂﬂ lg\a-rtlwe ug{nggrgﬂad 8r IP 8 lgp—thres old non-

conduciig stdte.eTis ihgstrated powat giaduitryesitd rnchUGG posver wpply@rmtryaﬁﬁo Clrcwtry 882
Mo
o A rrkBE R/ o Bl SN By o ey o
The addressing and read cirgpitry can be utilized for
conveying information between nenory



10

15

20

25

devi ce 408 and processor 406. Such is illustrated in

t he bl ock di agram of the notherboard 404 shown inFig.
wazzeoehmesaich bl ock diagram the addressi ng ci reCi/us3005/626365

|IIustrated as 410 and t he read circuitry |s

systerjn %M(?ngé ﬂatddeg%@@és&?\ébf % ﬁﬁgrﬁor?%gntﬁ)%rrfm&qg%e&egsmg

rrJdre|rre§1°(rsrewne}S%r@ee'montr%s'gnalﬁef?%‘iér?mtye ﬁ@@%ﬁserSBZZ over wiring or
metall(zE]rd\VMEés BN nindip 8dlicke 180D B@sed'l@s&ﬁ@d‘dt@thbﬁﬁ atdeaded via I/O lines. It will be
apprecratﬁop %i(ﬁlgé @gﬁg %@%lghagdgpr o?%{ cL?Sen({ %Angr\ége/srr]gggklg g'an 'tl)'(lg grovided, and
that tmanerre;trydayfce @62 hamieen hmpliitaddse/hejlefos:w& grethe imventien. hdideasbéne of the
proce§s%a8}22rlﬂ MR e 802 EdnBeiid@ aBapavityr Rsth2tidH in b Rmory device of the

d b ﬁﬂ_Che such met hod i s the page node operation.
type 9§§ qee fons in a DRAM are defined by the

neithia earicos rllasiraw_saystgma of tbievdistlosurer@mintgndee td previdessy genarat
undergtgmﬂfwar%gg g?ﬁit:ﬂ%ngfot fh%rcﬁ&ﬁtry%% e ofttheeprégehf"r}{vengon and are

store e row and colum 1 ntersection can
not infepdeq 13 BRIV HERMRIFE Aescripfiop ol tamglements,anddeatigs ofagn electronic system
using &ieh‘fbfynﬁtlé W @cdoyqamcowittdaspecteofitise prisenextantiole dOtkadf@rdnsyoskill in the art

. a. r . .
i w5 TR V18Pl o 0L S AR ol asin e
or eVQ@cﬂnmﬁ'ﬂgl?é@”W@éW%qr 6/iBdn orvteN ta r%‘é?ﬁﬁ'? coramunieRiipe Hge batwaen the
pumeggﬁgunh@akme@cﬁmaggﬁ by allomnng shorter access

P?)Bﬁﬁa%cpg fér n?ei‘rtrogl ql? ;%angclrtrrJe elec ronrc systebns for u§ AT merXory modules,

e on a mnmenor
devrcerirtverSnmwev mow?fegornmurdearlpwgdqrmﬁc pr@d@smﬁwesm aBDRAlN-specific

modu@g @R&‘Ma VBI%I'E ﬁﬂﬁlrla%rr ﬁgﬁrcm saSu&%rﬂcurW cé& ft]@{e‘i b8 H&lbcomponent

of avaenis FEFEIGY RIS AL PeR . & HvBRn sl b Ry A Rp S gmeuter,an
autormobiley am indusdriak ndntrdi syetains arodirceaft, @andethersar y el ectr oni ¢
: SM§E<§‘EBI|ZP(Q viith thé"ﬁat%eﬁﬁg m/edtrar‘( REY HeRR desdVi %ﬁmahglgagﬁmre or less

specrfg:?aggrggt %gr@[l]arpq)meggrgeaé nﬁrbers }h‘ﬁ/to ggﬁg e?étg,%c%/ ngqv%‘{hat the invention is
not lingitep kcoyis sgecific Gmesasoshoan enddescarthed siie themeans héfeatisclosedoccomprise
prefer%éﬁsfgrﬁ{po?plgtrr!:beme {nyﬂ‘ﬁ’ Brll fhﬂﬁ%ﬁe@tl ?H@m{eﬁr’t ﬁ Eﬁb&%&g ciBimed in any of its

Ic unit
forms(péﬁrpqdrgqatrgnﬁ wrthryrdbre prgqu@ﬁ%qe @g\apr&@d Glaims @Bprapf@teé\hrnterpreted in

0 ) : d HRaHIE © 708 Generally, electronic
systenr?OO mnll have a native set of instructions that
speci.fy operations to be perfornmed on data by the
processor 702 and other interactions between the
processor 702, the menory device unit 706 and the 1/0O
devi ces 708. The control unit 704 coordinates al
operations of the processor 702, the nmenory device 706
and the |1/0O devices 708 by continuously cycling
through a set of operations that cause instructions to
be fetched fromthe nenory device 706 and executed. In
vari ous enbodi nents, the nmenory device 706 i ncl udes,
but is not limted to, random access nenory (RAM
devi ces, read-only nmenory (ROM devices, and
peri pheral devices such as a floppy disk drive and a
conpact disk CD-ROM drive. One of ordinary skill in
the art will understand, upon readi ng and
conprehending this disclosure, that any of the
illustrated el ectrical conponents are capable of being
fabricated to include DRAM cells in accordance with
various aspects of the present invention. Fig. 16 is a
sinplified block diagram of a high-1level organization
of various enbodi nents of exenpl ary el ectronic
system 800. The system 800 I ncludes a nenory device
802 that has an array of
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menory cells 804, address decoder 806, row access
circuitry 808, column access circuitry 810, read/wite
w@ombiue2€i rcuitry 812 for controlling operatiPCBEUSEN026365

i nput/output circuitry 814. The nenory device 802

cLAMvBUr t her i ncludes power circuitry 816, and sensors 820

such as current sensors for determ ning whether a

nennry cell is in a lowthreshold conducting state or

in a high-threshold non conducting state. The

i 1l ust Agtearydsxice COTRISIBt ry 816 incl udes power supply

Ch k&HibdHaMctR8 Qubsghtecui try 882 for providing a reference

nglt tar?z%r?é n\%jn%%uclﬁﬁﬁ %/Sr tﬁé 81{19% ratgr C%Yeagtlgg e o?ﬁlegﬂ\?lvzfual m?rﬂory cells
includisgcavbmaigd pditipmeeof wetdampmheeeve sah%tratei th%tlSFP'ﬁt?’y Sygant or
pB@r\thr’a%vﬁ:&@n@u&uld rﬂ@m EQ IS 88g cirthiy Slycﬁﬁt@rﬂb@le @b Blrcuitry

| claim

| over tt}eéHBetse %%r ocesosf_c?)k{? e ge\a%e\elng’%mcg@graé% 8er5?%%a?ed portions of the

semw@ﬂﬂﬁWebM$U@Ba|S 824 fromthe processor 822 over wring
or netallization lines. The nenory device 802 is used
t9 st orfe GRIR of B&k 1 9heRGF Fie 28BoNdtéd pdrtianb bl'é%%nddctlvély ddped.
be appreC|ate8 by those skllled in the art that
addltlonal ircyitry and c o
PBovi dQBE detfa of i Y HEPHR PSR o R EOGSofRE B navidual memory
cells irRiudpd orfei of thetcarbhedigd patioms. on t he i nvention. At | east
one of the processor 822 or menory device 802 can
i ncl udenayGRRREELIRT 1 GIISH hoHd df 812 pefipRrdlBETdeY ifdfidb 66 &fthe
the type described previously herein. The various
carbonaqd pOttORY- ed systems of this disclosure are intended to
provide a general understanding of various
appl i cahé dedcefobelaitrivewidreis thetsemicandiictiersybatigreceompfisesiygonocrystalline
SIIICOnpresent i nvention, and are not intended to serve as a
nplete desorlptlon of all the elenents and features
an el ectronic systemu
a@cor dé[ﬁ%Qe‘ﬁﬁetolfwC'ﬁ‘gl)c/)i\?'t‘%re'Bﬁ“etS%@'cﬁ&g?é S“t’ﬁ@é SOmBHsesgRipxial silicon.
of ordinary skill"in the art will understand that the
var i ouFheHbeviderad olpion Hyiereinet leaat stree ¢fdhy individeal mepory cells comprise a

planarsélﬁ Hy&r IPfﬁ‘éi%@ﬂ%oﬂfu@%%ﬁbéirgte%'dtastranﬁétoﬁh{&rthtGe@thS isiglager in a first
sem conduct or ¢

[ e
sourl AT CAE] BHIE{ L 5B REERMEHE VPG TBI0s PR roesidains.

menory device(s). Applications for nmenory cells can

i 18c] ud@hededderabnlpion t yhereinmet ibagt sers@ofi the individya) Memen celis comprise a
tmn&g&yhﬁﬁwgrlvers power nodul es, conmuni cati on nodens,
ocessor nodul es, and appllcatlon speci fic nodul es,
ﬁdmﬁﬁ?”?wyﬁﬂde nultllayer mul ti chi p nodul es. Such
Ciarsebéridrspure@trafntir t her be a subconponent of a variety

C)fa c%laﬁncet %o%wm‘?ngs%go?ﬂg Car% #S%rtgmg b&&Ken tRe ﬁr@t eﬁt\ﬂ's@édﬁ@

er sonal r, an automobil e,
SOWC@%H@Q%@P%I control systen1 an'aircraft, and others In

C QI'Ghd GHRFBoNIlY Bssobigtes vath bisp@sing Biged d’f%@l’dhamtel has been
descrlbed in language nore or |ess specific as to

st% g r st o éie\ﬂ nedof %Etnpg %%r%{n tli%t?&ngét%?con!ptnséssa Je?tlcglet[ansstor vsélth the

nvention 1's no

chanrtebele\neor@tbseajqow &reﬁx@é@@r@édr@h anththe AeFope sewGefstiain elgvaigpally above the

chandel® nmeans herein disclosed conprise preferred forns of
putting the invention into effect The i nvention is,

@): ]? If gétfaldswge %nEm hrv]vp%rg I?e tpaétfslsg{: %o ns? e{IﬁteraI tranS|s (j)r &nth some
portios biéars obth@firsimoume/diajn, Ihﬂsec%ﬂ@@de/df@@oﬂ‘lel a@t@eanmatqwrrﬁnt@ath through

the o3RRI EhdMRg Bhe &MMAdISRTCHaER M | claim 1. A nenory
evi ce COITprI Si ng. a sem conducti ve substr at e,

13
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an array of menory cells over the substrate, at |east
sone of the individual nenory cells including
w@ a0obomated portions of the sem conductive SubBCT/EHSEM05/026365
that contain Si C, and peripheral devices including
meror y Teldeviedisfica®s 8 Agthér dofmigtidifid/a gatel digle it Yet@wedn thé g#td and the

chann%| Fh%‘%]é %/ tfwg (ngnnél IBSm% H)Q&g& @1 h(?n a @ﬁanngl}%hprﬁegg&m{matg Igﬁ interface with the

gate dikaticand nefbeing éocg@mwwﬁa@b@nn@bcoswéqaswaéﬂy sprrogriged by the SiC, the

chann@Batr€ éxtéNding lfrdmithel firsdsoireb/Brate tredebsnaabade/B@int | ons are
conductively doped. 3. The device of claim1l wherein

at12I easlf:heeld?\%ce(:&'r?a%gg/%ergn aggg{}ﬁgrfngtg oi?gq{d\éalgrg?qory cells comprise a
trans'ﬂorlwléi'fwew ce of claim1 wherein none of the

p%rﬁralgsurraé/d,amw ces include one of the carbonated

port e device of claim1l wherein the
eS%rﬁjsaﬁ%'iCF/\qr@' "Substrate conprises nonocrystalline

s i d gateonecesBed Medhalsanicopdudtive $ubstnatd bellveercthe fitshand second sources/drains;
and Sem conductive substrate conprises epitaxial si I i con

7. The deV| ce of claim1 wherein at | east sone

i RGN Sen %’Pﬁo‘?@? o @'Plcgrbem pagiong °B?%‘|‘?§?"Y§S@°faé%¢é’l"thu qRposing
sides bftee gatei conducti ve substrate and a transistor that :

i ncludes the SiC layer in a first source/drain, a

ond {RWeGES SHcRin) 1 wAbidindt %Bé&%&% o%&%@f&luél%nﬁdr}' <§=flls comprise:

an second sources/drai ns. 8 The device of claim1

wHelirgitingiston seuse/det faaig '"t”??esem‘Fd’PW’HYPa?”bﬁtéﬁﬁ%ry cells

C aNgHcOIREtradsibtb est@celdedin iegioh indhégemicoridudtise siwstiatee/ dr ai n;

© FERO SUES oiah y ApBh0 S0 50 B0 et
regiongh@iicces/ drai ns; and a gate operationally associated

W g étora@epnwen@cﬁdndmheoffrsttsb@rc@bramned;ion &hd aldigit rdﬁu';nmeno(afon the second

sourc?/lldralnnr]e% r\Mt]heers r%ge%r&%e&%c@t%%'aﬁ&/g{ dlc‘;clprg‘% hu%? ondn Yu%{é ﬁgof the carbonated |

ansi dr W anne
portiofi$.r st source/ drain and the second source/dral n
el evational |y above the channel. 10. The device of

C| i m 8r H&h@fn@é &F claite 13 WREHSIh FiHRY stéragefidds (jiiﬁcﬁbn| odhPFists the carbonated

portlog tﬁencté?g aﬁ a tPﬁkS ggse of Or&ta;t’agtgu{rzgé }o ?’% tnS%B m%s ro]:*nltsra% if thg di aglt node

Junctl@ucrqrrmﬂseqdm parpdmeted ghrtlorh ¢hepizanpie|hag hémkngesmﬁﬁorn ehab O to about 150
Angsifdngyational level.11. The device of claim8 further
conpr|S| ng a gate diel ectr| c between the gate and the
nel nnel
channel TecPRE &R 74 Ferdr e ek wPPacEt At Benier Sgihedsing the
carbogipted partion is omepitaxaltsiliber afghel resnstive spircéiingegi¢ra theeipitaxdal ilicon being

elevafidnalyeRdle PBkhdnpeisur rounded by the Si Clthe channel core
extending fromthe first source/drain to the second

ol °sBiraetire ol Aaroriras Roall SRBrdT iR

tranS|stor i ncl udi ng:
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a first source/drain; a second source/drain; a gate
recessed into the sem conductive substrate between the
wo 2eos12p6l second sources/drains; and a channePCT/US2005/026365

contai ning one of the carbonated portions

OpEr at AQ&lomhyacasss e hedbvisk tém@Rp@si ng si des of the

gatf. 13 %E? device of claim1l wherein at |east sone

of SPF8 SURYAYT dual menory cells conprise: a first . _

t pmarsdystf oremopiaetervar e sUlbsigie drpch ﬁ?gh idiyiskel cepmaneeslly Beluding a
condu@V8§ bibFldeplarfr SREIBYH intth @ EsmiednBiictiS® Mie@Atd aAd Mclli@fd dtarisitor that

] t he sem conduct.i ve bstrate: a tr i St h )
ey SGIRET R ST o8 TRt RureCHa ) PR Bhusgndre frstanc
secondsnuraee/ddhirg andr egi ons; and a storage node junction on

t B&iphbraPdevRO4INEIRAiISY @bhory 88l Lared8Hg Brctitrgiahd MEMBry cell read circuitry
junction on the seﬁgnq source@ﬁraln %gglon# the . duc
over theisypsitgte, AMNFLT NEPEIRNSH AREES (CHF P AMhdtdeL RS Ticonductive
substrateacl udi ng one of the carbonated portions. 14. The
device of claim 13 wherein if the storage node
j ugcti rd i ;
SR R i e el
monogiRiRline §HigPMand i f the digit node junction conprises the
carbonated portion, then the Si C has a thickness of
f neam abaetievid® df caiedyutheldithdregpicomiustive Eohstrateecoienses epitaxial
Siliconof clai m 13 wherein the storage and/or digit node
junction conprising the carbonated portion is on
epitaxial silicon of the respective source/drain
r 88i on A HMESERFAIRLPAY: si | i con being el evational |y
ahgemicbhductleanbsedate; 16. The device of claim1 conprised
b%ﬁ@&ﬁMmﬁ%ﬁMﬂ or flash menory.17. A random access
menory device conprising: a silicon substrate; an
a@rsggengrovweeidial: cel.l s over the substrate, each of the
| RGhynr@viatludiRy@érbdnetel portiBrEdiich stgniconaatickiaibsvad fhat contains SiC

behuegrﬁﬁnggl;sggrida sge‘rc’:lcr) dSsioS:rccles%/rgiras;iaﬂ the sem conductive

nd 1 ncludi ng™'a ?ransistor that includes the

Sia@atecpperationalinagspeiated WiuPRPEFIOg Sifies of esbariel

.sour.ce/drain, and a channel between the first and

S Q@.lo nd THe taeRSdrdF Saim0 whRrbirBE traksmitdlcoflpises @ vertical transistor with the

[ udi n mo cel |l addr.essj i ' )
channp{ifqvafisfy F6VR f pRE LB F BRL 8 sflohf Wb aR Do TERERAY above tne
channgler i pheral devices including any SiC |ayer in the

sem conductive substrate. 18. The device of claim17

wher ei mhk@ngahof ORAMUDIWHERIrSHE Fhiishit® cERpiie & @feral transistor with some
evice
t%e

poro RSSO LB g BB 0 B8 6538 B

the chepid sharing o ¢, elevational level.

23. The transistor of claim 20 further comprising a gate dielectric between the gate and the
channel, the SiC of the channel being located within a channel periphery proximate an interface with the
gate dielectric and not being located within a channel core at least partly surrounded by the SiC, the
channel core extending from the first source/drain to the second source/drain.

24, The transistor of claim 23 wherein the SiC has a thickness of from about 50 to about
100 Angstroms.
25. The transistor of claim 20 comprised by a memory device.

26. The transistor of claim 25 comprised by DRAM, SRAM, or flash memory.
15
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20. A transistor conprising: a sem conductive
substrate; a first source/drain; a second

WG oM6o86a6 ai n; a channel including a carbonat eBCPUS1008026365
of the sem conductive substrate that contains SiC
bet. vveem,{ahl@stéﬁobmbn@rgj second sources/drains; and a
gate o lt% associ ated wi th opposing sides of
tﬁge@ |Ves'3° [ The transistor of claim20 wherein
thérstmrvsldﬁlmr conprl ses a vertical transistor with
tgge&,h@me/@g'ﬁvati onal Iy above the first source/drain

urce/ drain el eyt onal Ieyfrsq

cﬁgﬂtﬁ é?cessfﬁ aneng spmicangu ?v&,su%ﬁlra eﬂaw finet And s secPF]aesources/drams

and transistor conprises a |ateral tranS|stor with sone

PQLhrAB |r§lfludﬁ@gbaﬁfonétg§ pt‘jthnSJf RSB hElcNgubsthfe HRGCOREIns SiC

source/dral n \ a.current path through the
°peratPH%lHﬁé?°°§F?3rVY'tﬁ@p%g‘gégﬁﬁﬁfﬁh%gaé?/at| onal level. 23. The

transi stor of claim20 further conprising a gate

di&l eche tarisistonebarimi2E fgthercompdsind e gath disleetric betweershegate and the
chann&fthé gﬁ &mghne@%lﬁ@loém&ﬁ AhHaRhd Péﬁpﬁ@@'@ﬂﬁmata an interface with the

ery proxinmate an interface with the

gatedﬁleé‘lnéctrl c and not being located within a channel core

at least partly surrounded by the SiC, the channel

cage efhenatisisgprbf daimtBevhbicingbe SiGUas eftiickaess df romtagout 50 to about
100A%§ﬁ‘8¥?§| source/drain. 24. The transistor of claim 23

erein the SiC has a thickness of fromabout 50 to

about 100 Angstrons. 25. The Lr ansi stor of claim20

cfpri Jéﬂtrﬂ}?'sg’rﬁﬁ%?’)ﬂ&@wr@@d »8 MY 49Vfisi st or of

claim 25 conprised by DRAM SRAM or flash nenory. 27.

A3t r anghs transistwwhelaigi 3gomarissd by DBANIUERAMeordlabismemong; a

first source/drain; a second source/drain; a gate

rggessg\qnérn&?c&n%n%ﬁgmd:onduct|ve substrate between the
first and second sources/drains; and a channel

i ASPTiEPRyCleSHPHBat ed portion of the semi conductive
S Wbisst trasistdr batrcaddrainaegi® iSthE sepiepaducivesubstrags soci at ed

Wi tsgcé?ﬁ@%ﬁél&& s%hrqg/ﬁra%freé &?mg}%ts%mlc%ﬁduc”@s%ﬁm' stor of

her conmpri si ng I el ectric betwee
t ﬁéragﬁ%t@r charnel that %aﬁﬂépnfaw Sre %%e%fth% frat 20A sRgREP S%ﬁ‘ﬂ?j ain

regionsshat ed wi thin a channel periphery proxinate an

I nts qr%ﬁ%%%ﬂgﬂuhﬁloh I%ﬁ tl%a\‘ & s@r%/ﬁglh éag‘;on a%g a de}%oH‘% ﬁP&ﬂoﬁ bR¥he second

erel hi ckness rom _
sourcd@remtresm the sm?tnoqwm?xﬁggﬂcﬂ@frﬁ@t ngde jumgtion {elidi8p 8 carongted portion

of the SbRicBRdRAive QUitstia@ ekt Bynt@nd®oDr y devi ce.

33. The cell of claim 32 wherein if the storage node junction comprises SiC, then the SiC
has a thickness of from about 200 to about 500 Angstroms and if the digit node junction comprises SiC,
then the SiC has a thickness of from about 50 to about 150 Angstroms.

34. The cell of claim 32 wherein the storage and/or digit node junction comprising SiC is on
epitaxial silicon of the respective source/drain region, the epitaxial silicon being elevationally above the

channel.

35. The cell of claim 32 comprised by DRAM, SRAM, or flash memory.
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3 1. The transistor of claim 30 conprised by DRAM

SRAM or flash nenory. 32. A nenory cell conprising: a
w@ersomsdact i ve substrate; a first transistor PCT/US2005/026365

source/drain region in the sem conductive substrate; a

S86.0NdAlicHbF} SdvRE fFMihg GRtbid@bMprisigt on i n the

sem'.g.onductj ve stHbsstrzilrtae; a transistor channel that

dBEYIRG A SEBiend RVES Y& veen the first and second

s fmiog tatberiatedrregionhef; theagathigonducyegyesirirital epntein @ on

t Rmihg B8 brrsy 1 heRofll liglovef the @ ostB@, & IdHstiome P € individual memory

n thfﬁ second source/drain region, the

junction
cells '@“B\ngﬁﬁcﬁ gerte Y981 nd/ or digit node junction
i fuohind peripheratdeviseniatiadingmemory gelbdddraseing elreuity addivemeey cell read
circuit@‘é@érttrﬁeaéuﬁsﬁé?f]}*at BN EEhE St tR feripRetal dERBesGRE Incifdingih8icBRodrated
~wherein 1f the storage node junction conprises SiC,
portioRShen the Si C has a thickness of from about 200 to
about 500 Angstrons and if the digit node junction
COnpr i §esmeihay oftdedm 36 lfiethSi Gnipesingacanfiiatikeledaepingfthd ¢asipanated portions.
about 50 to about 150 Angstrons. 34. The cell of claim

33gWherRL ReihB8 ofdifih 38 Syharel Simird t8d tarbPeRdipdRibhd @prises:
con%rlsmg SICis on epitaxial silic

' _ n of the .
r EAPBE BIMASKIEY Y & Ve ?réaff%\htegl?%a“@%mfm?fah deyifs [egigR of the
semicbreluctye elitratej onal | y above the channel. 35. The cell of

Clr@%mngghegﬂmrng?a?gr%w@r@ﬂe arfdy rédi@sh menory. 36.
A nenory_ devic orm ng net hod conprising: providing. a
o EATIPE CRG Iy rn SISt WAL 6° MEBIO g EESIoBSHEASLR 9BREi e
periphefal ddvRe $&Bncaiyduct i ve substrate that contain SiC
form nag.an anr r . - Lhe substrate,
a8 PGB O B e Rr eeont (O (R g
t he carbonated portions; and form ng peripheral .
dé9i cedhe methad pﬁ@a"ﬁéwr%h? maRiinadeT FRMRISELRIECPR PitidRd
menory cell read circuitry over the substrate, at
| @3st JeEwhetiod bhaaipesivesirabrtevthe esbonatedipodioosicantprisése .
car bonat Ay - Of L ; i
7 ORI S5 88! R b il Gk RScR anf p 3L devce region of e
semicpestuetivgisabstra®; anphe net hod of cl ai m 36 wherein formng:
t hem&AHgRNSItas epRsh bt $heQuRAiphers @svicel ragioh Gl 1eavingsikd $Ig layer on at
| tIa%ﬂer (}%er a menory array regi on and a peri pheral
cast YRV & JION 6" ¥He¥Ten conducti ve substrat e;
renmovi ng the masking |ayer fromover the nenory array
r édi on;Theaettiod §f ¢laimi 38 whetrit foimingihm £2BenalfdtRertioRRCamANB?SSIC
epitaxill BraYth RAhOsntiddhaitabe subseat act with the peri pheral :
devi ce region; and renoving.the masking |ayer from

ovegr t per,i pher,al devi ' f o
18! m Je RO PRl 5 B oaBonsleeolhe Bl fees ion
implanting ehdler. gad Oiffusihgecaneanticiel thefsemicandvwe®s subddiets n f or mi ng

t he carbonated portions conpri ses:

43. The method of claim 36 wherein at least one component of each of the individual

memory cells includes one of the carbonated portions.

44. The method of claim 36 wherein none of the peripheral devices include one of the
carbonated portions.

45, The method of claim 36 wherein the semiconductive substrate comprises

monocrystalline silicon.
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formng a SiC layer in contact with a nenory array
regi on and a peripheral device region of the
w@ermsomsdact i ve substrate; and renoving the SiECT/EHFE05/026365
fromover the peripheral device region and | eaving the
Sig> | ayhd metHodsf clafRss wherBRlttd iddhdidiee STBBMLY caiiprisys epitaxial
region. 4 1. The nmethod of claim 36 wherein form ng
silicony he car bonat ed portions conprises SiC epitaxial growh
on the sem conductive substrate. 42. The net hod of
cHai m Ibe meibedolivialio Beivhereiniermingra sAsitsente pbihe ingiyiglual memory cells

'comprf%QéTﬂBHuﬁ@a? plap S'idrﬁiléirﬁ 8 9erAiBSHIQk Ve @ﬁbs@laﬂ‘e%H& b "ﬂﬁnﬁs’wrbmﬂ includes the

senmi conducti ye substrat
SIC layq 44 S5O RRRNEIN & SOoPLSLTCRARAn OB Siaie! B i oy S gecond
sourcasnigding dual nmenory cells includes one of the carbonated
portions. 44. The nethod of claim 36 wherein none of
the pe&h@m@ifha& o%vm @@&hé@mlf&%goerﬁ Ra&fsolB@r GafHarRiakIetkmory cells
porti ons. . c{e claim 36 wherein the
°mpr§§?ﬁ°BB'ﬂQiﬁ3?'?3{?§”£‘UB§T at e conprl ses nonocrystalline

sialfirst edwrebfilraithe net hod of claim 36 wherein the

%%%Qg&ﬁ%‘%&gmsubst rate conprises epitaxi aI si [ con
4

of claim 36 wherein form ng | eas
s Grebarge! eR@ining @ne Pl ParhRRRCPORians RetkesRihg @ssanf* a?frﬂ"ﬂg
Sourc@/@é.@waﬁd SiC layer in the sem conductive substrate and

2 8:9% no/SplarSa |onaII3; &%Emétgaﬁ\g“‘fj%ﬁpé Fbe%ﬁés%f h@éﬁ dmep a first

Sec rain a channel
between the first ‘and second sour ces/ dr ains. 48, The _
néPhod Tbe methad af cEEMAR aherel feraring thetraisistas SAPPrisehioBnd a vertical
transidtétQvith A chbsHepdlevaRERAY alsvk ki fied BRUrtesdrain fand i Bgcond source/drain
t.0 |nclude a first source/drain; a second

!
e'evat?é%p@é?vﬁrg‘?ﬂ’an% channel contai ning one of the

carbonat ed portions between the first and second
s&ar cedhemathad of ciaim 48 wWhateln fapuncihe Bansistay cerariises fofaipg @ lateral
trans@%ﬂvhth%ﬂrﬂ@%brﬂ& éf'ed@ﬁof(ﬂ'fe ftrél%o@beﬁﬂrﬁml the 4&ond bestiredréindhedate, and a

ereln f,or.m n onpri ses
Cu"e'§8?athmﬁ‘é"gg% r%?é?haf'?%%& S gnrotnvm t%ﬁoi él%ve annel
el evationally above the first source/drain and the
sédond Themethes af diaim 48|Terthat canipaping fosninY 8 gptR dielastiq Reween the gate -
and the@harkae trﬁ@i@@ﬂh@éhaﬁh@ib%éﬁcmwmrﬂa EienAdI@righas proximate an interface
with tlge&?gesﬁégﬁ llC@ﬁ)ggBr Seﬁocggar tﬂ% fa;acrhlgrtmantesc%)ﬁcl,r %té§ gpéénﬁfts%frﬂé(ﬂdw by the SiC,
the cheen=b nate sxiendiry/formethe first mwg@taen todfirosegons aorreR/draat h
t hrough the channel sharing one common el evati onal

| eyel . 'Ighe lneth-BH R FRIHBAvHRFeilomhing 4FeakteolRedt theaianiduai mgnory cells
form n% r% %Pgoele tric between the gate and the

CoOmMPiges (NI AHRS! fie channel being located within a
c hefinst@burpegdreipher y proxi mate an interface

a second source/drain;

a gate recessed into the semiconductive substrate between the first and second sources/drains;
and

a channel containing one of the carbonated portions operationally associated with opposing
sides of the gate.
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with the gate dielectric and not being | ocated within
a channel core at least partly surrounded by the Si C
wo b@eokmpmel core extending fromthe first souPCEUSI85/026365

to the second source/drain. 52. The nmethod of claim 36

WBEI ei Mhé Riefliod 6f okdim 136 adkremTdnirdf at 1dast someiof ihe iralividoaimpenyory cells

cells conprises formng a transistor to |nclude a
COMPIEPY'st source/drain; a second source/ drain; %ate

r Evwing edirst Hensistoh sousestdraio reliitin the ssuisapdustve sHYRSen t he

f ‘fdrﬁntng akdcsa @ramlst&%uur@@/a/awrag.&sm ti ¥bnicofflanadubstrate;
nt al ni_n nMed

o Rer SRy casusb i BE® fReR an sREbaned e koo srene
sourceg)drale régnsTand et hod of cl a| m 36 wherein form ng at

| %i‘ﬂng %st@?ag%fnoﬁg‘ﬁnétﬂﬁ oM krdUidt s&ﬁé'@?cfr%n ?@d dnsana @Wt' n§@§ Junctlon on the
formn |rSt tranS|S or Sourﬁgwg |On

secong SEHISeI X Pe S SHEP 2005 PSPPI S L SRes RePhingfdbepne of the
carborsatadr fetiods.ai N regi on in the sem conductive substrat e;
formng a transistor channel that does not contain SiC

b %ﬁ wee ﬂ'h& Btk stélanﬁ%g whEHMEtne %Faﬁ@ /ngd'eﬂh ﬁbtlér?&ﬂﬂ%@% A8 Earbonated

a storage node UnCtI t he
port|0|§ (tj'mnéléq 43 Rrmedge 8 Ith‘%ll(ﬁﬁsse?f gp1y Iapoqji a%t aBﬂ@PP%ﬁ”Q?HOWﬁ gnd if the digit
node jSREIOM Confwidecié crbonatedggition, thértre SICas Bagﬁedﬁindehlpkmasxt afdmm about 50

& node junction including one of the
toamﬁpﬂ% ggh%kportlons 54. The nethod of claim53

wherein if the storage node junction conprises t
c&bondihedeHer of M SeHERranEe speas §"Cf’?frd|'9é‘d’°%1“5°“°” comprising the
SiC sénhccﬁkms@ strite BITorale0 oh eRiRRiat Glicab olLthe EOReciVEgLIIcOliBirarRgion, the

epltaXIa snltcoﬁ bghghlgvaq?rﬂa‘ﬁy é&b@%ﬁﬂe" aGQPri ses the carbonat ed

ormed to a thickness of from
about 50 to about 150 Angstrons. 55. The net hod of
cI58i m F9e edicd PhcRiRSSLPBPAYY fafinaohe BrgPY dﬁwaeem DRAM, SRAM, or

flash théti&di on conprising the Si C sem conductive substrate.
is formed on epitaxial silicon of the respective

squrce/d [ i ng

eI%Zvat | o{"ilg % 5&%%8\?@e'?<§1r286\ﬁar{§ﬁﬁdgarjg%ﬁé OFn(BHSNQﬁOd of

c|PRvIANg & %‘@ﬁ'b?q%‘if?ﬁ@ form ng the nenory device in DRAM

Sl?vﬁ%Mmg%rcofwh@ﬁmmsd )plan5r7s|cA>ayéand@ﬁemmn\r&snmﬁmte .

d %rlgﬁ:r}%a{ngarrrrari{ 8 errrr%ry geql% gg uCet s%'b@(ﬁa‘te §5 c?1vc§f mqujl\ﬁdu%l .J%é@}’r{? cells
mcludlneyaéramslﬁomth@t l@élﬁ?%‘ﬂjﬁ Sisclysyén %Ubtsﬂorlr&?/érafrbﬁ ﬁ*?%?gd awr%ﬁ/q*@g) and a
chann@f tae’ﬁﬁé’@é\ﬁ!ycal ﬁ@c'ah@s&\éﬁd sc;uﬁ’c%s@kﬂﬂfst st e, teaCh of " t he

i vi dua ransi st or

| escn oo Gecss Tiupng pregnof el foessa gty Ahe Mipory cellread
circuitgemventtie swnate/rubnapfrthe pavgdheraldesinessinclisito/ang $iG lagerfin the semiconductive
amaﬁﬂﬂ second sources/drains; and form ng peri pheral

evi ces including nenory ceII addressing circuitry and

menory cell read _ , .
58. The method of claim 57 wherein the semiconductive substrate comprises

monocrystalline silicon.

59. The method of claim 57 wherein the semiconductive substrate comprises epitaxial

silicon.
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circuitry over the substrate, none of the peripheral
devices including any SiC |layer in the sem conductive

waewshimee. 58. The nethod of claim57 wherei nPCHES2005/026365
sem conductive substrate conprises nonocrystailine

Sko.i CORtraﬁQstorﬁbﬁlﬁ'gﬁﬁétﬁ)&B ®Mpasigd: M 57 wherein the
uctil ve, supst r%.aP Con”prl sSes epl t axi al

Pm?'g'B?laéﬁm'C%\n({u?tNﬁsﬂ ®8%® f or ni ng met hod conpri si ng:
pfoovindaffitpt sousesdraioinduct i ve substrate; forming a first

SRMhRE é@g@nasoﬁrgg/m,ng a second source/drain; formng a
channel ncl u r bonat rtion. of 't .
CRanncl ohaeygh O SaBSRS S P 20l cppas it conen

SiC beﬁwereettheamst ape senvdd swmes/elelir@rmdns and form ng a gate
ge\%a@' foramms@s&aemmp%apgéém ot indefiarpibl. t he

ann The nmet hod of cl'ai mb0 wherein form ng
tw'%ae ' RBS ERiAnel S 0 BPhIr e pareplos s RS Slertal

transistd With ehecthanne| elechtioriady slegethe fissh soure/diainand bk eec@ni spatd/drain
elevat@?é?le\fn%bé\}%q éi%ﬂﬁ@' 62. The nethod of claim®60 wherein
lille transi stor conprises fornmng a | ateral

transi stor with sonme portion of each of the ]S teral

s8%r ce/The AEfod théa'@ée&ﬁare@&m@/ the kpngistar ﬁ%’“‘ﬂﬁ?% ormyipg;a latera
transigtatfwitR BOm@ pdrliort dfreachgdt thetfiest shacwidrbin sthasecogd souecetiprimire gate, and a
curren?éaqp(%éu?;ﬂ‘me Jhgp{r%ll shaﬁr‘?’ggon-gbgm rgﬁ%tgﬁal%\/@' m 60 further

ectric between the gat e

and t he channel the Si C of the channel bein

wBBhi n The BIeHISA &f clafmB0 FBRS CopIPHRNHIRIRING A IRIR Al ta'& @ewe?mthe gate
and thé bﬁar@lal; medi®bfard tHatna beingidtatékwittin 4 ceaha genphietyi pnoximate an interface

with tqerc[;gpan Iec‘fr%lra%d %Et tle g%caggmth ¥ a%HérTn%%?@Q{ Ié@ét 63?&5/ s§h&mded by the SiC,

core e rst so drai n
the charnel ¢rse xiewsing fputhe érﬁbﬁoamﬁ/dramo thﬁﬁcwm%fee/swamm a| m 63
wherein the SiC has a thickness of fromabout 50 to
albaut PO AR F Qam.63GMereitRe BEL Hue @ tiitknessofiroMGibout 50 to about 100
conprising formng the transistor in a nenory devi ce.
B> The nmethod of claim 65 conprising form ng the
menory device in DRAM SRAM or flash nenory
t BAnsi Sthemethodof elgimAStcRBENSTRIMIG thﬁtrafﬁis&/i”oq 'ﬁ@m%’ Gevice,
sem conductive substrate; formng a first
S@8! Ce/TheaieiiodfodElaimes camprdrafarmsaLthe meohogideyicd inMRAAM SRAM, or
fiash nc%gr%gnel i ncluding a carbonated portion of the
8eh¢onducti ve substrate that contains SiC and
formng a gate recessed into the sem conductive
s@st r ot EansstonioERng Methed FYRPERE: second

providing a semiconductive substrate;

Angstrg

forming a first source/drain;

forming a second source/drain,

forming a channel including a carbonated portion of the semiconductive substrate that contains
SiC; and

forming a gate recessed into the semiconductive substrate between the first and second

sources/drains, the channel being operationally associated with opposing sides of the gate.

68. The method of claim 67 further comprising forming a gate dielectric between the gate
and the channel, the SiC of the channel being located within a channel periphery proximate an interface
with the gate dielectric.
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sources/drains, the channel being operationally
associ ated with opposing sides of the gate. 68. The
woredokoteed cl ai m 67 further conprising form ngP@EI/Ys1085/026365
di el ectric between the gate and the channel, the SiC
obot he TebaRmRH ohalinGswherindhe BiCtHak A tifckhBSWTebm about 50 to about 100
Angst’gerl phery proximate an interface with the gate
'€l ectric.69. The nethod of claim68 wherein the SiC
has a thickness of from about 50 to about 100
AfBst r JR8 Methed offphim G CABBFIsHT femingrihestransiskap in amergory device.
formng the transistor in a nmenory device. 7 1. The
nmet hod Taé metrdt BT om0 rphprEingdorfrigrthe gieinbg dawe®inYDRAM, SRAM, or
ﬂashrgewrye in DRAMLSRAM or flash nenory. 72. A nenory
form ng nethod conprising: providing a
sem conductive substrate; formng a first transistor
s@ar ce/AdPamery FAYPHRNG MethercoswRsiednduct i ve substr at e:
f@rcmdrmg aasemamtlwda.agraﬁ or source/drain reg| on in the
con ve su f.or. tr hannel
e T T vl
s durming/ackeadnd trapgjstorsourca/depinf reginn indheasesmienndeptivaretpstrate;
j %}&Hg%nra%stBMaﬁhén friat &RY hERORERIIIC beFEEthaNdt #hablegtind
unction on the second source/drain region, the

S°”r°§$r8'|“é O$o¥¥ j unction and/or digit node junction
i fiayningiargpragecrandb pmetiop dn e first soured/draineegi@mand@digitotorde jinction on the

second %%J/@rlaiﬂ réd"'éﬂ th%%fgréfb'e%de%’uﬁ&tlor? Znd/ et RACtRA iftluihg carbonated

ereln 1f the storage node junction conprises SiC,
P°”'°'i' HféPP’E%C@FEPt“’%S‘fb@Vﬁ%H‘a PRISKIGKkness of from about
200 to about 500 Angstronms and if the digit node
j TAct i Gine cetipd iof €8imSi2@heteireifithe biera8e GodesjuficlipmeaingrigesSiC, then the

SiC is%tﬂ@%ﬁe Ebte%@ig%ﬁﬁsg %fﬁﬁn@%ﬂf 200% Eﬁbuﬁgﬁﬂﬂngl@&nﬂ}ﬂ%tﬁ@%lt nofi& junction

_ [ _C wherein the stora

compEFeRSIC. M504 IR & PO AIIGKETSHG! ETTapt FORBRTRD Angsiroms.
epitaxial silicon of the respective source/drain
r €gi on,Thiehestiediof elaimad2 véhietdirctbe stoeiga gnadbrediggitiode mhétipn comprising SiC is

forme@gr‘? Xﬁta%EPsnf&P@HRﬁé resg%tlve éaﬁrc%Fangleé trfé éb'thQlJ %lllcon bemg elevatlonally
e rrem)ry device in RAM
abovefth%gﬁ‘”ﬁ%m)r y.

75. The method of claim 72 comprising forming the memory device in DRAM, SRAM, or
flash memory.
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