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Summary of the Invention

[0006] In one embodiment, the invention encompasses a method of forming
a semiconductor structure. A lattice, having horizontal segments and vertical segments,
is etched into a semiconductor substrate, such as a silicon wafer or a portion of bulk
silicon. In a further embodiment, an epitaxial layer is grown on the semiconductor
substrate prior to forming the lattice. Etching the lattice into the semiconductor substrate
forms repeating regions of silicon spaced from one another by segments of the lattice.
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[0011] In an aspect of the invention, a method for forming a transistor for an
integrated circuit comprises etching a semiconductor substrate to form a U-shaped



[0011] In an aspect of the invention, a nethod for
formng a transistor for an integrated circuit
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al or{902$]ne Rignreft ilustrates sufiessrsedionalhdew dafferoplgng tirg A-A of an
|
Wi o“é@%;‘?{‘i“%f ot SRS 2 aap IncAGUS R of PRI RAY BC A appiio
arﬁltmsmr@w o patiermdhe bardimeask laera phot o nask to be
gf’p r 6 Jt iol F[;;%réjgvl'h%?ra‘céslé@l%%é‘%@&lohgl é\gliélgenzaloﬁézﬁr‘?@k—A of an

y tfrates a cross-sectional viewtak
enspasiirgenti aidhe\davieé ohiriguinth & diftee ransierring dhel @aitera iofo the oxide layer

an’éirgrhro% atﬁgﬁ%n{a@f phot o mask of Figure 3 has been
app ed '

[0030] Figure 6 illustrates a cross-sectional view taken along line A-A of an

embodiment of the device of Figure 5 after deposition of a blanket layer of spacer
material.

[0031] Figure 7 illustrates a cross-sectional view taken along line A-A of an
embodiment of the device of Figure 6 after a spacer etch.



and transferred to pattern the hard mask |ayer. [0029]

Figure 5 illustrates a cross-sectional view taken
w@abk@ng2877ne A- A of an enbodi nent of the devi cePOf/US2005/030677

Figure 4 after transferring the pattern into the oxide

I lalye[oo:m]d r Bigare 8dliustratebar &6|§§kectlbﬁé]3€éw Eal@mrao@g Ilne A-A of an
illustrates cro sec nal viewta on
oot gt (A L HIOUGY 7 PG e ereton O e Bt gt fjehes.
depqaoi on pfgure DlilRRtretes|Ay0Es- @éct@ﬁaoﬁéw EKepr dlghg line A-A of an
0031] 7 ill ustr tes _Cross-secti onal Vi ew

n{llgjgpgﬁe@o@ﬁ'@rq!qvw@ oAF )Q%? gfeey tf‘ﬁé'Fﬁ sgfOfIRIChRR/i ce of

Fi gy0634] af FRre 16 Nikaatedt £ hod BRBAiel I W efbodiment of a photo
illustrates a cross-sectional view taken al ong line

magkaodbe appliediode HaYiee Bestiated Bigwe %f Figure 7 after
t he f)@ﬁfgat | PRyuRS 11 MEstateSh F&s-LbtidifVehatked 9BAGline A-A of an

gure | Ustrates a cross-sectional viewtaken
er‘&tPQﬂlfgethﬁ@GAGQB('C@fszﬂQL@%@GPhWOVélfOft“Fi%tQH’éWQ?e of
Fi g b?seg af r: Urd Mlz hiuSeattd s dddssdechsiial olfewttémaeﬁg Ilne A-A of an

[ 0034 lustrates a top plan view of

er@bﬁ%ﬂem ecﬁeva:emi&qw@rﬁ& @ft@rotheéorm@ﬁpn etithe econd %@.f #anches.
11 yphsAt edEigrd ‘l@“lﬁ@traqces EQ:‘Pg’sélseEh&Jrérl %eijfv]{akéﬂ HF%F\@ RhERA-A of an

a Cross- sectlona view ta [ ne A-
erebnﬁmemtmﬁtthe;ﬂe\ﬂmofdagw@é%and%zlgwlestgat% a&rossaﬁ@vmal afew of the

cohBRt IrQrE’choéﬂeﬁjﬁm SN R tnlsﬁcﬂés' ér'ﬁittﬁé‘t:&'?t?& trench.

Cross-secti ona VI ew t aien al ong ['ine A-
enbd@P3®nt biguren#4 dlusirates efcresscigctionsd vigivt taken ﬁ@ng line A-A of an

rﬁ@fﬂﬁ%ﬁt%@tt@déﬁb@oﬁ' 91§%¥tepélaﬁarrem§hﬁés &&%37] Fi gure

ustrates s-sect i onal Ken al ong |ine
A- A [803%n efigoth fenitlusifatashe pRFopestvefvigw gliran embadinent of the
ates a cross-sectional view of the contact
de@lcﬁ%fﬁgluﬁeﬁé filling the second set of trenches and
t he [0040]act Figueendﬁ iljstrags] a ko wlae vidwidf| ars emivbdiment of a photo

-sect | of an
S el R s S R et T et e
pl ar{ﬁM‘Iz]l ngFiges $Z| illusicaes p@iﬁm}seﬁtlw elewstakdm alehg dihe 8-B of an
t ve, Vi ew
iy BRSNS ¥ st " gaRR REaRR) T oIk, g nas been
appileahitoqfatiam eh’amidnatﬁﬂey@'f a _photo mask to be applied to
t he j.ce Lllus te ures,.14
i oUPE4I2S, Flobti 14 TLSPared e R 3% ABep 2Rl e -8 of an
enabanirgenti ofehd&-dBvioé ofiiFigamdo ddiafentheoforibtiordeliheethipd set of trenches
iqure. 1 fter the ot,0 of Figure 16 has been
g0 s Trtiehe oot FBkbeRayer 0 G042] B gur e 18
i 11 Us0433t es Fyues ¢S flusieatbs erwéssw&uoﬁaaikew takemglohg tige B-B of an
- B.of .an, enmbodi 17
RGN HRATIHE IO Thi1PdTieh Med ration o S Gate fistsid and oate
elédrodbéaykel.r st and second set of trenches.

[0044] Figure 20 illustrates a cross-sectional view taken along line B-B of an
embodiment of the device of Figure 19 after a spacer etch, and recessing the gate
electrode layer and the dielectric layer.

[0045] Figure 21 illustrates a cross-sectional view taken along line B-B of an
embodiment of the device of Figure 20 after reoxidizing the device to form the bird’s
beaks and forming insulating spacers on top of the recessed gaie electrode and gate
dielectric layers.



[0043] Figure 19 illustrates a cross-sectional view

taken along line B-B of an enbodi nent of the device of
wo-2@anes718 after the formation of the gate di eP@US1005/030677

and gate el ectrode layer. [0044] Figure 20 illustrates

a Cr[OB%]SeCFigomaiZZ mwvatwaemsalseagoda} viewBakeroéloag line B-B of an

t, of th f_ Fi 19 aft
R o o B e tag TaBLTa i Blroming o
Sema«agmﬁiglllcﬁddt|ay@roceé£}045] Figure 2 1 illustrates a

crbdBPHn  BBorad s 8 asaelerst v fen Sng ine -8 of an

enﬁtswqrh@htzwmet devieke\of CRiglire PDramet Fdlingl @& thilde s&ts ofm@nches and
form ng}&% sul ati ng spacers on top of the recessed gate
plagagizing LHF?& ®gate dielectric |ayers.[0046] Figure 22

I |1 yeo4syt esFryufd 246 Slusestbs anstheita@WtdalIgR vidw BPah iefbodiment of
B- B of an enbodi ment of the device of Figure 2 1 after

th%@%ﬁ%ﬁ of I—ngrg Z9etal layer and performing a self-aligned

si |l ijpb4t i 0Flggf@%ﬁmstra{twélBérsﬁé@t%@/lea\ﬁoﬂ U-Isldéééo@ér@ﬁfuﬁons of the
cross-sectional view taken alon

traggisinss A treaghesnb Figagsced apd 2t %ownzfﬂthaflt féker mqterrﬁhgor purposes
ofilastrhynr d set of trenches and pI anari zing the surface.

[0048] Figure 24 illustrates a schematjc top plan view
of dA0EMbodFigerR 2o fllusirrieyia\rress-sectignay iew gz prpbagment of a U-

shBb&W kr8ngistof, Islhaﬁtnga%e.so@c@sﬁ& ARG 'réégﬁ?or\él aVp-Ghakh&ihamrethe relative
protrusions of e transistors and trenches of Figures

'O@IE‘Oaﬁﬁth?éﬂat%ﬁ'GWP% thout filler material for purposes

of ifbbsit r akigare 21 RAP&heki-as H%g?é?n 'db{)lb'ﬁﬂd’ &réduication between a
cross-sectional view of an enbodi nent of  a Ushaped

MICfORAAAES S rANd SHBAMAY de¥iCgour ce and drain regions, a p-
Cha"[p@éz anflghheefé & Gt H%@P&In'\ 8P aGhehbs %yecontammg multiple

el ec Figure 27 i's schemati'c di"agra
wqyélme@tanﬁgilgﬂdnmanu cation betvveen a microprocessor and a

W5 evi ?gure[ 985 stflt e s rﬁaﬁm%r%‘sé %gnftfondbiagr Bfion of a

rray contalnlng tiple wordlines and
m@mgﬁytarannes [0053] Figure 29 illustrates a schematic

c 70055 BRuR o LA ool SRS o (P8 e

illustratimpary esabedigent dfiswordtinantpr ase with duh wrefﬂrredfendoodlments
{000, qur gty st PR ST RE bR B memory aray

|Ilqstrat|mg3ancdheraemltmdungnt@f aa\;ordllnlelistt uwtwmgharpo&fhreed embodiments.

embghaBnt plouf W97idld DhehlicUBS st Br BMSorBE PP fmory amay
illustrating another embodiment of a wordline.

[0057] Figure 33 illustrates a cross-sectional view, taken along line A-A of
Figure 32, of a three-sided transistor.

[0058] Figure 34 illustrates a cross-sectional view taken along line B-B of
Figure 32.

[0059] Figure 35 is a cross-sectional view taken along line C-C of Figure 32,

showing an inverted U-shaped gate layer for a three-sided transistor.



[0056] Figure 32 is a schematic top plan of a portion
of a nenory array illustrating anot her enbodi nent of a
wowoodloesTer [ 0057] Figure 33 illustrates a PCT/US2005/030677
cross sectional view, taken along line A-A of Figure
of a thr@@aﬂaddwchDimnmfsthe)PreférwﬁlfhwbEdlm__ & 34

' l l u@b&@f Sﬁr ng\/ré%sl[%d%%cg,] %rullgs\e/el lgvé %gn%gzgnguc?orgstruc{bre such as a
mems,sarmcalmalineya @anmstbermr ahymty\ek stecteC of Fi gur e

ted U d t
thr o081 oq Fiun &1 B asgel av sl abrir prikare semiRaductor devics
100 lafvemreai trendisdi mfﬁesfoirG@@O]n #h evodigeht tldsl @éﬂl@sﬁlﬂ) doptiprises a

use I n a ructure suc
mipry, Brdy e PR A0 rehigRS b S EPAde SRR Y10, which may
ccsm;rr&etamymf q ®6l/]anétyg1ﬂ saitdble fnaderfaty. spmsemmwm@ubsﬂf‘ate 110

mpf SRS Sim BT e iellies BHUER LA Jalerbst bk Been dapricatec
thé@dncanpny seged silieorp platfamn dlyat ?\Ahﬁ)ndﬁamlsz s@80n ithelanide$vhile the
sub tra 110 i C

|Il%sftra Ce%@g o Ccﬁcgcir?u% raé%tl f %B?rgprﬁsﬁs il F@¥ic§4ﬁ(§orp58 emoanr(])Y:rys’calIine

silkoeni waled ubbse o’s ofuitaraskill Id Gherayt wit alnddestaeinihad trduséraiconductor

PR HEER PR onamein 2 Shlanes ineh Tpr o AP rugor lavers
wihish mtuderdthermw mrmpemleapdrtlor\ﬂmﬂsenﬂ&mdubtbuéé\neﬁsed

S R HhS GrBEAF5 ALA PDLSL b on e
s@ktrbﬂe 110. tTre epitaxial lbyerultdds atsendcdndattot ger (e. g., silicon) grown on

3 BR3P Rl Y BT A o BB B o1 DB A T Qe Structure,
lniamoémbimlmbmetheaemhamal layerofoertals] ethimnesopefevdbly within the range of

oGRS, S5 5530 ATPRk, M2 g g to s

Mrsu bsﬁmeataselﬂ:ﬁt thEhepitepialt layeral 04 aygrowd @4 the sabstrate 110 prior to the

orgife RS Soa Bh e shirapl b0 BPalBe Eorgiee g of e

subbizateaf 1@ ' As ellytst Mdastomd:mleu of Ith&idle&:l’ibm ﬂfEIFiguretZGGbelow the

' r,.104 has a knes r Wi, t hi
o 0 o e e DA PSR SR bt B gt of o
bagkgiound tdubstrategippdfy theerve Sasnmet actaboarbasd ofimhe kransibier(s) being
foﬁﬁl%éa that the epitaxial layer 104 is grown on the

Strate 110 prior to the etching steps described

bel d@N63lhe &fevisataken of apmneI&iMethw J;Ilcb@ thensvider 60 along line A-
der t ood

rt _of the sub n

A GGyt issaarttion Bl e soBiooRRufbedoyoB G IRE tekh of a plane

fomped ayisditing ahefdeﬂlleé 16analtrey e B-B shdape devbridhcrdss-section of the
eto

onduct 0 at_.of the background
seBRaboL et {BFRCRRAM Bae phibS Pieatenpraas s dle3pion betow
trar[9064]or(§)gdn@|2|nglufst®ait€§dhe gm%aiosélsgmlnt@kalre Géw@e 100. As
ane fo icin e device along |1ne
a3, I e i oBe. oot davices T Ot el ies &k dver of
matefalard fwnmoxteammstratemmrmd the optional epitaxial layer 104.
[0065] Preferably, the material 210 can be etched selectively with respect to

the substrate 110 (silicon) and silicon nitride, and the substrate 110 and the silicon
nitride can each be selectively etched with respect to the material 210.

[0066] In an embodiment, the material 210 comprises an oxide, such as, for
example, silicon dioxide, having a thickness preferably within the range of about 1,000 A



formed by slicing the device 100 along |ine B-B show a
second cross-section of the sem conductor device 100

wa@rooeaes7ous st ages of the fabrication process PEFUS1008030677
bel ow. [0064] Figure 2 illustrates the first

o ﬁb@.ﬁ%‘,mﬁ\] ﬁﬁd Pbret ;b\'%fegﬁﬂy Wﬁhiglﬂlﬁb rafvgjei df labetitr 20@al Aita about 3,000
Figure 2, sem cpnduct.or .devi ce . further
A cH il 375 556 Pe GRRRalaruloSu0S PR PPRbIEh pragess, such as,
forfdg(gﬁip[eabﬁer?ﬁbal \ﬁ'{bdr Hé}ﬁJsmph (OViR) ogpyeia=i \ﬂipgf dgm:sl'[’]tibg4PVD).
refera the materia Q. can_ be.etc .
Lol d0de7lery i Barhicabd e oL B BomBisEs 4 Ber of materia
21pSfotrhedBYenlid Bkilé dayerndtor bk suitaisle ttbebes ubed ragt @ hbid mask, in
acfprinciculieab Pl tE A SE58. ¥ aotaRre Sapboient e hard
ma%lkmfdicﬁsﬁmriseé Bmol‘mbla$ cabo 1M @gﬂmmbc&&mamsgmbdﬁrd sisk212 can
as,. r. exanple, ..sili i oxi de,. having a thic .
cofplis ey M liCa R TR POy Tiasaliee sEed SEF SI6RN. sic. or
anb 3} sﬁital@émgmbmsprrﬁéteﬂdbl'&h1ewinbieirial QT@ carabgejapgsiwdomﬂing any
00 A to about 3,000 A., The terial. 210 can be.,.
suffanlR QiR RGeS QLR JBT BT iR YT dertSiign(CVD) or
ph@sical vaporetcpositien (R e ahotiapanbatimest, tHeanale@M)120s photoresist
gh Si Cﬁ| Mﬁ or de‘?rositi on (PVD). [0067] The
us % 2 B raa*é\(/ Q&S00 furt her conprises a |layer of
mat QO(iJle!] 21Eigﬁm3rﬂlgstwte$ atﬁb&iooxjf dxepHo_axymaSEBog amtle applied to the
sui t et e used, as _a, har n, accor.dance wt
aefie SRBus rlert tof PERLTRRG Il 12 The shMGf SaTiR0rfie Hnblb mask
306nkEpeisEntst thd Reedian dwiiiers khe liare ﬂﬂaﬁi K2 ailiorgrhainsafter applying
e

phg%h%?’g'?@w @8&2—? hi ent%?t?rlﬂ%lngq%: %Qdahg Yrip L C!Tp?griﬁog %cezprgéaerr]zts the area
in polcichy sbal mbsie 2$2 hilclonren®vadld Thei mERA300Siotins arpattagn of spaced

. Ot i table hard K ' T. LAl 2
B8 A ol TP i, T AR o oo s
exgihdm@,a erizbn%dirécﬁbﬂ.exanp: e, chem cal vapor
i1l CVD ] ' ition. (PVD
o diodder b piHalierh e a5 202585" <bb Stdlfia 9o A to
appEiiinately a 300 ¢ widetdmagheghys Bodarssppro:AdaR]y FowM te agproximately

9|Ilu%|trates a portion of a photo mask 300 to be
OQpoYVi &d to the device 100 to pattern the hard mask

| ayqooZ2. Pheersbpde’ mask o fupthet Bemphsdsocomtsdt ga3p$ 306, which
esents the are

re in which the ha sk 212 will .
ar SlHer 1Vl dats b syteaion BT olear AL A Bt amFpodiment, the
coh%@h@émm_ pr@ﬂd% th %réé;@rhﬁé&ié\zli@g r10@)|¢c:5r ﬁg@wn@e ot & cbﬂ;t_éct, such as,
area in ich.the hard mas Wi er ve e .
for B B0R A A CRatte i 1 b8 REh Y HBISoS0B G Rcugsion of
Figureo®awanot her by gaps 304. The lines 302 and the
gaps,.304 extend al.on hori zontal] direction. [0069 .
I'n e{ﬂoﬂ}bod[’-'ﬁ’ﬁmff 'iﬂf?graﬁﬁsntgg Kea éﬁ?ﬁf&hﬁ ﬁ%{f‘él"f"‘i%ﬁéhe first
crésstscaOn r Sher r@&;gmg #h20fhofo Whade wmdiﬁélﬁe gBPandPatténig the hard
approxi mat el y 0O A_to approxi mate %/ 2?0 A wi de.
mago7t] Peelfiesiaaed in Figlredis e3tid iirtkhe 2 EgRpRs Quer areas of the
suﬁ@t?été\gmp%mhe 3%95 ma&hisobl(a era/8RFmS Mads geRs Thehar@hthsk 212 is
re%tég , holwnev'ér, ei‘rorr? rtrllez %pefaaoverlt,:)g Cstu sqtpa'te l’IquV\r/heergQF?ed 'm”é%ﬂt:eoo forms
gaps 304.
[0072] The hard mask 212 can be patterned using well-known
photolithography and etching techniques. For example, in some embodiments,

photoresist is deposited as a blanket layer over the device 100 and exposed to radiation

-10-



contact gaps 306 provide an area on the device 100 for
pl acenent of a contact, such as, for exanple, a
wowoodloesTe7 cont act, as will be better under st ooRICT/USIN5/030677
t he di scussion of Figure 30 below. [0071] Figure 4
thioubiu atretidies Foltmevioke tHic exdB0re, theophditresistafiten igidewelaped teform the

ohplargistanag 37 ER: 2ot T Bk Mokl Jk 2B i R hara

magk 21X i ataheditirobgly threemdsk BO@ tchexpdsentteko@de 2@ phiheslevice 110 in

f.th b .
o 5l 505 5B MR o B 5 AP B 0% o e
ph\f\)ﬁmuﬁd;%ommmsragnk tfy][isn:romih e‘:h; w'gigoi\mg the gmossb_faweemm fédiQres.
er e . .
et 2ol R b Ry b, 6 viw
thefist olos$-Bedivapaiieratchirgt thkioxiget2d 0 lanid geresvindgrthe lexdmeEsk 212.

in enbpdi nent s hot or esi St. . | e ' .
o1 2 HBEA1} oy B e pTpRBRGLE. B 3k 21 RRERRF] abrocess suen
asl; &ttiexampel lononilihg aeactivedbreetching (RIE) g dhkiricabrfebimngr éf an etching
eye

the photoresist filmis .0 t.o form.the .
priie SReLT S Fasos et v ESg RS se el Aot g variel of el
krbﬁmdatcmaats Gahde wed, $uvh dsdodexamgie, TH,. i s et ched t hrough

t he 300 t xpqse the poxide, 210 of the .device 110 .

in t[ﬂﬁ'?éapsg‘gdﬁ‘.s{??ﬁgt'%g'giufef gstb?ﬂ geWBB%ﬁsr%g}PEfs € oxité 2101n
thé %géaé;rcﬁ@r ﬁ“fe §l{(ﬁﬁtrb’@_rﬁ10m5¢¢eﬂﬂé mﬁiskae (Piguer 3th o hamds nask 212

snrun I sot opi et W ni t S .

(e b iR aPS it s¥5o By ey B aPe " | Fie SR e 38 Temeins over
arésy ofcte 300strite Fil @ wherediht mosskt3oe (Bame 3) avthasatdweask 262 (Figure
0Gh oss.—se%bkon, after etching the oxide 210 and

WHITEINGG 3PRe hard mask 212. [0074] In some

eﬁqubmﬁ SFigures G?Qbﬁ@t_e?ilﬁa diﬁlllcﬁi 100esf Rigursd, &ropT theesame view as

sych as, for ex e, ionmllin eact i on :
g TR REA P EHEIRECAIEE SPRG. ST FIPUSR BPR R gthe oxde 210
Pr!@fesw@;l‘a,smbr%pabw mt?iaq: lbemi fplalap@tmttaf i :y(ﬂ/ﬁOItudi/B%othE)gaps 304.

is selecte any of | iety, o 1 kno tchants
Pielaitin eonacdimeigud 8 sRhnt colegie Res) SHE Hoshect to the
sdbE{ratsmrmt(enzicdorn aﬁbgﬁé exide 2Abearet thei sm@sipaéteClGQS(siﬁt@ﬁ emd the oxide

the oxide, 210,in the areas.over t ubstrate 110
2{fhGart SeiiE bhesle Rt stist By Sinet! o T SeAh Sdtgfe 602, in an
erﬁ%c@ﬁéﬁaﬁe l29&msf geeer Meriaﬁ%pzsjon?)risd;]masrutgslemaniain]r@material,

The oxide 210 remmi ns .Qver areas. the su rate 110
sueh e o et SB8D (RGR e S Tichnet BrRb il terange o
at(c;lﬁ't 980 &\ %) abaut P50 A&l B0 p?e@@ill vﬁihgu’m? rdnge of about 180 A to

[ rates the, i-ce 100, of Figure 5 romthe sane
b 704" 18 hPuel R Gao esepoalpd ey wiPle g of i process,
suthaae folobxdammpler tiidmicf2vapoe debbeticrx (CD R0 phyic eapdr geposition
(P}ﬁlﬁ- spacer material 602 fills approximately 1/20 to

of the gaps 304. Preferably, the spacer nateri al
602 [ogr7ioe $SRjuesiilstrutesttiodadvive 00 bEBigact 6 front the same view as

S5t ise-SEEPT SRS B iR SORtete 920" dArreaibagient an
arisdtepic oteh prefirehtelly wernbvasatspiectital surfaddes apapetiernaties higlde layer
60620%’@ éhre] s%gcers 702 in a well-known spacer etch process. The spacers 702 form
within the gaps 304 to narrow the gaps 304. The spacers 702 extend longitudinally in
the horizontal direction along lateral interior peripheries of the gaps 304, and have a
width preferably within the range of about 150 A to about 250 A, and more preferably
within the range of about 180 A to about 220 A.
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enbodi nent, the |ayer of spacer material 602 conprises
a nitride-containing material, such as, for exanple,
W@ R00bo2877NI t ri de, having a thickness preferabl pCUISI005030677
t he range of about 150 A to about 250 A, and nore
pr ef[em'ﬂt]l y Rigtiel mlllutteateﬁn@edexﬁceatﬁmm F]@ﬂeﬁz frandb@ssme view as

t 602 t
thE fit Gisee: 58%%35 fhes fioipg eddy ol R R o g@;ﬁ%qﬁ%%é‘ 800 into the
S|I|Cbx¢ aumdate/ ammr Tlﬁhéfn@Strémcmes (80Vla)e e’rchechjm;o thel silicap®ubstrate 110 at

inci 3PS 0RO A PE S0P ot 7 BTG ERefes gy oning

(RtH)percrmmal etchingf tiean émhmigrpgocmss nvoirgpacteansicalchanh (including

RIEL o aackty Pab ol 2 "oy ol S8 AR PFIE A belach guon as for

exbmpR; CB02 into the spacers 702 in a wel | -known spacer

et Cﬁgﬁﬁcesﬁ%e ggg ggﬂ%r\/\?rﬂér?%\ggggg@ V\é{ytsgall giétE?P&%Pasolys\(l)vﬂhin the
ralhgten@ﬁ dbodit DO forabiobe3,8300 1Az and aord ipreferablyrwithirothg range of about

2 488 B BEA D PR RS SRR BT e

ra@EUﬁab%ﬁW'K) Aao dbdmmeOpér efned madrk pretetablynwithiretheannge of about 200

A T 0055 FROUs 2D St ROl B SEh R Fton o

thé dedte ¢(DG)sSeesElgtxriecm, after etching a pI urality of

fi bt 3800 ' .
subdpdlle HEURTAES Ve aiR AT 5 el e B bfille shmg view =
thé Kiest Drddscsziation) ster abpositiny atlaydnebf gmlenél@@OLlBIthgtha first trenches
r, exa ion m.l reactive

SOfBr gtsrlslﬂtfseﬁ% %P%C@)" beg{epgﬂ@[’ Q, ysing %chﬁwtﬂtde 'a?posg}?neqreﬁqﬁ,? such as,
foperaraple, |chamlcal ngpar ddpitioal (wmhanphjsumlwadomgeﬁbﬁ)on (PVD).

Prig%ﬁasniylé %ﬁg Hipteri, 408 fggr"f‘p‘é fs%@ﬁx{p&o f%tc}’m‘% 'yith F%ﬁ tto%ﬁg% Bstrate 110
(smd:drs tandrihs ndfideoVi02.r &mah esnidindra,yibe anate pal FOQOr efneprisbk yan oxide,

the range of. about 2,700 A to about 3,300 A
SU%GST@F@%?%‘?&%QBPQ'O\MC‘FN n the range of about 2,850 A

to gbost] 3, 6Q Aecdite dmiscliménitenthbematiial redoe can wpfdrably be

f i.thin t f t..17 b
o515 S LG, LRl TIOR8 B8R0 an o
suF@l@até\ 10 (Sl aﬁ@&}:eﬁ]oxnég@ 210 b@r{ﬂ ehdsb@@é]teetbvtelyn;ficr;eﬁ with respect to
on a zon direc o) e ...
tng St T e sPrai s iFBDe e rtin ) efmies arugae sven
ast hfer dexanq:ee 1@!]]0&'!1c riger e See fthomiishisswanef Wigweas32868 for an
after depositing a | ayer of

fir ro sect |
“W‘?ﬁ[%ﬁdiﬂ %8@9 ?%COPEPF”WE“?WH st trenches 800. The

mat go082] 90PFigurn1b6ludepiesid plbtu shak HIQO ubd abﬂ)l%d to the device

ltIO pr.ocess, ch as, for, chem ¢

1005 BOFlaien s, PRoctR BPUe i s ANUTD GEeP is gived In an
erﬁ@@hentpra‘ﬁeﬂdﬁpbyltmg he 18psresi dard (agkamdieiss efoetHd \delige 100,

etch(_ed V\A%(g ect todt he, substrate 110 S|I|ctoné ﬁntﬂ hard
conpntigngl p °"f faFP*}Y AN RISBHE nEARINIYSS. AlaRlied) oggigh the har
m&SKNIPThS @hadutl potici® of $hec Phéts , maskr 1@0arpledentsi thecd@a in which the
haorld mas(L layer remains after applying conventional photolithography and etching
techniques. The remaining hard mask layer protects the periphery of the device 100
from further processing.

[0083] The unshaded portion of the photo mask 1000 represents the area in

which the conventional photolithography and etching techniques remove the hard mask
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[0081] In a second enbodi nent, the material 900 can
preferably be selectively etched with respect to the
wammsiesare 110 (silicon) and the oxide 210, aneCT/lig2005/030677
substrate 110 (silicon) and the oxide 210 can each be
Iayeel dtiei me1c)yaled)fched1am m’askésmcftorm the b@favet @frdevice9TID. within the

ars g1 ad B 0 r<e0q P ok fPdn R, ooy 1FAEPBIGEERirY o the
detibe 100 smtbmsh@ areaf defingdiby the3dRsBadddoportion ofriile mﬁs&ri@[)@Lg

of econd e d ment 8 te
o o oRrerERY bEHan o e sl BHFighth 2t 1RloRpFhan the
wuﬁhgﬂrthe %pe%gdﬁsme& intesét HIOOVand thet lgpgtobadf thaslkaskg’soo (Figure 3) is
IS U In an. e di fter depositing a
shBAOSRE Heahf ae e brafiop L A BETh 1oL e 500,
con\[ms] onaFugpreo’[ ‘oilluétmb@a”tap higewcarl d0 ef Elgyureg frenhthe gaee view as
ar.e gl i ed to shaded

Th [ .
I RSSO raIc? T606Y PP S SERES2 he THP dTRHEINR R oxide 210
crédies @@19:11 T@S&@t\h/@@femerfmwelnshéﬁ‘ 8@] mmpbwmgm is etched down to the

su onve I | t ho S A chni n etching
e FhheiBrAR 283 PR T

(RIH) H‘FEIEdGB/IaZQilré&Q)nbr @metm;blbeetcprmmsgslbngm ph@€&a] afddhechemical
col RS AR AP s BRRR DI E RiRcET PSSR IF i Stching

et cljo0gp]t ecAsiilgsiested énBigeret 11 ahstcdndrasddeayt €02 |sTmeferably formed
mask | a

[ | of the h f f
behGET R HBte,haen Dran b eaoae 1 10E R, by B i adioval 0 an
errlilﬁfdtrhém tHe st@cdmﬁk)zl&ﬂﬁpmm@trstnﬁe%bdﬁemlr@r e, hr@dmf as, for
t he e al ea a
eyl SHegt i e: Wit 3 ghhepo BeasTobl Jie yonae & AR o Ao
aboiit 440eA, rmsihn&@Q)réfEr@Wmtrﬁ?( thfggg@é ogmﬁdt Bﬁlsmﬁ td BBOWi4GOMA.
S an e en

ft f th th. o
o wg%penlnggp Eralodiodhy 5, PPt 1S PE A aRic gigh, forms
spteﬁ@@mngz Giont beay@?sfémﬂr%&ogie]@%@}na%rwu tiepdstted boh usé Elﬁtf@ﬁ of the
ne VI 0 | re romthe s | e as the
deyits 00y §s FagkeRt i SMARE 19 MoiOur o SR oG B ahg P8R0 J02, as
deém:ﬂae%b@é Lme pracxée 1200 f@rmad b@a%eg&mssﬁat@o gbgtameemmrlndwe gap
rs re es e 0X e |.S e own to
1105 b L% G THHD: TerRars 1108 PrarSRE T ZPpattatgl ypo to 213
of &% g 1(E$alﬁ'ﬂ'bﬁmgrtﬁ@gb;b V&0 @na elidih |pr@°e:(aBlyEMthnHrE rafgeé.of about

sefl OALONTko AT SOLLOPLE £ 6 AVDG, ROl BS) 631 B'hout 42

A.etTHd @ga@r@cielﬂs @&Eﬂﬂj lomgftidinadlly iBpiket kdrizehi@ahidrgetion088hg lateral
u trat(g? i n Flgllére 11, a second spacer 1102 is

. As i1
lntspgfpeelrlgﬁ?r)lpsf PegPR5e5%e the nitride spacer 702 in the
gapS[OdﬂzﬂO | Biguredy2 llnstranas the deaivavedo. ofl Figa@s terfrooh thesbme view

acer 1102 o rises itrjde-contajnin
as st HapS Sedlion. Al SQinces ARG OLSSCPEOR JleeP! fignches 1200, The
sebaw M@nahdshigémess aisrebicihabkne vilitdn Bubsteits a1r19€a10fhe gaps 1100
440 A, ,and nore preferab

bo
el RS EGeRe SRS I BS '96@@1#}49 14 ahBive ion
eteHifip (RIER NWhicka splEebRFSetcisdsCtie ITican sabstnd NoPiagd &foed not etch the

oxnd%rarrrl% nitride materials.

[0089] The second or deep trenches 1200 have a depth preferably within the
range of about 4,500 A to about 5,500 A, and more preferably within the range of about
4,750 A to about 5,250 A. The second trenches 1200 have a width preferably within the
range of about 170 A to about 430 A, and more preferably within the range of about 200
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spacers 1102 froma |layer of nitride-containing
mat eri al deposited on the surface of the device 100.
wQabios/ops7oress is simlar to the process used tpBCT/U8I005/030677
t he spacers 702, as described above. Thel spacer 1102
A {oosmeut kiesi Ale THessdonE afenéfiés a2ah wkibhd Noridfitedpaply Il horizontal
_na_rrownt?gie ?;ap %)100 The spacers 1102 preferably fill
dirggdiop Sk feete¥IS¢ P20 to 2/3 of the gap 1100, narrowi ng
t he [@ap] 1108 ctRalsly, V\ésdillﬁbt\@’t&f eficabbaondl tidhiches Ne00 ang eegper than
about 360 A to about 440 A, and nore preTerany within
the figt treqsges 890-about 380 A to about 420 A~ The spacers

110700911 end:u%;@regﬁ Madtradd Hel devicB e ob o a2 tlomené isame view
along latera

interiaor peripheries of t aps 1100. .
as [top S5 oressrRestian affer jWipg 4 seet RNANe 1'%6’% ih 2 "gatedal 1300.
Pre’lférabfyr Ha rhatenélamowaﬂWe%%le@tnfély sfchéd Q8IS resrlct rthe alibstrate 110
secon enc

(ifenE) 868 silabi PUh A be R Bate RGN e T G ec each be

seloth@ly atkRedl Mthabspdee t@ﬂlbsmlaﬂé?i@l P&, eﬂrﬁbh yemsa)dmeat the material
di recti onal gr oces for exa

SpSuch, 2 Bhe dtdrial 9300
1305} COBRRSEFAR PEE. GUERPRg ol RRETPISy iR Bt 27 erd 9300 can
be%repbﬁt%dtmgsahy gmfabw@@ﬁo@mbﬁ tddesqnglicl ees fdjkoéxaerﬁplé] ViR, but is

de and nitride rials,, [0089
preteahly hYSPIm 6 Q\%ﬁ?e@@eﬁﬂ?%@'&f 3%5]5119@0\?& ﬁ?‘ﬁ& Wil S%%@g a field
|sow"ntoﬁblékvﬁen4|rﬂﬂ@ flﬁalts?ru@bmlés gllllgiségseén irathd gexBsiohekmabl vy
wi t hin e of a

o abo 5, 250, A .
The B2bna HoWhcieasd Bt & SanRetifits: L tofign B processing
thentdrithdt gapesosaNDRe edntaddtiehct 180 Aist fRefpsbilt s#&ﬂtaﬁeo@ﬁdetched and

DB o A 20 6 8Dl 200 AL s,

Idongodgtsil nafﬁ%%dgrfgadt g@”‘?%' 1§chal/e éldlé mt;ir@fetr@%y iiBin the range of
evi ce rerera as | strate
abQé et £ %ﬁ‘éﬁ!éfs5 i%é a%mé%ér@fer@mw Rethe; rRage of'Sbout 4,750 A

to 55&]’6 ‘5%@ BOPne E&Qgéthreﬁblﬁbﬁ 302%havk bWHﬂhQiré‘ﬁerQM?MiﬁWtﬁ@range of

ure 12 fromt view as the fir
bR "%@é’ngﬁF 8F @EpUY ?13| 'PH%tﬂErPé e fRerad Aerices- 1 7bg contact
treMérda 1@0E‘é§<@hu%n%ﬁ&ﬂallyﬁh qfeerﬁcﬂi&bmal diRstisabetheadevitd000.
can _be sel ective 4y‘"etc hed wi respect_to

SbsteaTe THiainecld IEHHSnING CMicPCOR o RWEeTS o i same view

as StHOSr§takBsd-46ctRNd aftBe tid blafifikinY tHd derfacen ofasd) dBfice 100. Any
sel ectlv 'y etched with respect to the material

suifabley plapAtsHPMEFCESS, rféJCH@ﬁeﬁrgrame‘eocml@égh an'anar'zatlon

Cmp?ﬁ@ y beUgBdas, for exanple, silicon dioxide. The
material 1300 can be dgp03|ted usi ng any. suitable

dep2995] on Ay duiatsated du Ffousa 14+ e @viaep] 00 cepprisas,paifssof “bulk”

sili&e bAbARLY zmdoy E%EIH %e@éhcg baaée;{ 5@5% dQD@S‘HFédO\Wrth g 1300 in the
material 130 serve as field isolation el eme

|I|u§’qﬁat{e¢,@mhqqlgner§t ﬁ@gqrg’qeg oRe Rain <pf alks siligon pillapre 1400 from the next

paflioh ELHe| QIRoRPiIRYS 1461 9Phe ﬁio@é&l@alﬂa@ fabteridn 81t KifdLRitR oxide or
contact trench 1302 forped by OCGSSI g% t he cont act

nitddg, 989 dn they diustipted cembediment: fg afes dfiEftesiiganypillar 1402 from a
seSdriillcan pALS h ¥o£h&2eH paif éf silicon pillars 1400.

[0096] Figure 15 illustrates a perspective view of the device of Figure 14.
The first or shallow trenches 800, the second or deep trenches 1200, the contact
trenches 1302, and the silicon pillars 1400 extend longitudinally in the horizontal
direction of the device 100.
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filled during the process utilized to formthe second
trench 1200, as descri bed above. [0093] The cont act

wo e@aobsgg7 1302 have a depth preferably w thin peIEUSBENgE30677
of about 4,500 A to about 5,500 A, and nore preferably

vvl t fbootihe Refegéngio Rigoat 3, 4h8©aobe maslﬁbmm(faﬁ)e%&ﬁeﬁnes 302 and
he contact, trenc have a w ref er
oo PR nia 66 daTice ti0: By pera G e wBOSt TN as described
aboea gh@ﬁn@énd ng téatlrape02, dmld:%hprﬁhn@ ma@nBGO}fortfrr #eahR@shes 800,
it e horizonta tion ..
1298 Hrehe oye. i 140 Bl o 1 fod it o1 ep Py BufeEfio 8 siicon
su.!gewatéa 1008uripiy ﬁegatbmnd.]ibrcfdeﬁmst I‘DI&] gaviee Woevwoaﬁ)ritség approximately
ir tion, afte e planari the s
o T4 ADS Toveny he B tanie PR i ok el e he ol of the
maskcBORSThd Oléta@?albﬁtv&a.enoﬂmmcalabdjae@ﬁ deato@ls of theI photo mask 300 is
anarl on y.he use 0 ust
ad%ﬁ E ag hig %Se{/mc%s %%Wﬁ% 81? ‘1"‘15 nr%' 14@21 fzﬁjo4 and
thsi dlwler@OcI'Er@ellyl pdacked HlBrs Bec bala eto ared “dmubldepifchied e ne tpifchOMwltiplied”
I, wi.Lh oxid 300 i.n the illustrated enbodi nent,
re&@‘beag’gp%gﬁ"8ﬂ'@pbﬁi%P%%?doch'ﬁ?l MRS on pillars 1400 from
t he [0898] paFigud 16 hlustkates b lpbrion op b lthiak shatel Blaisk TBEO toesapplied
tren

todtinpiice 1 Bf FIAbfe 1Ped Mermath HEM bt pdik Pl SLisPhlech fhés 1602
wigHirh Eﬁ@perﬁlhéﬂ ahe ]n4@s?16mz)anease$>amberdifr6rnldneczrmomdrIbargabé@604 The

i BB hS 2o SR L A0 S0 ER S i v

alédlforfﬁbearf arrestbeWe@haiel oatter ensheeed8inds 1602 aneayapd @04 and the
er}o renches 20%66(5 e contact trenches 1302, and the
arEﬂyr UBAINGSEFYIEM tend longitudinally in the

hor i fpoggjal &elf:eﬁﬂlﬁg i) th‘uréh fre tlir‘]éeyﬂaberslg@z [fcﬂﬁgé%ong the Ierz]teral sides
e ri to Figure 3,. the, phaot S O _defines the
Al e S5 et QTR IEIER h e st T RIo B Brobdgound the
eﬂlﬁ@ffslabmrm of bﬂd@m@ eﬁsadtﬂlcg%gaﬁémﬁg t@?@oll;e ’migh@bpacers 1102 form
the line a tur, t ot
GG e R BT RO ERH S U5t SEEB Qi \TINGR 058 Sohg he shailow
tré’&ﬂ4800DUE)ng@g faheetﬁl?ggmroayss Qx‘esﬁrpmielﬁc-ﬁomrmbem‘eartg th@ehird mask
on ,su ur | e, et chj roce
siioun 0, s 2054, Db A e o OF LS T S of spacers
70244H4, 1 1DQQa§%lﬁer tge\femowrhnmohfsoohe bk ictuhed athaga T hpsahe spacers 702,
ature . . 0f the sk ..300. The di,stance. , .
R el b EERRSr ke 4050 R Hiies npuaperes of
thg@@pé $1Gipﬁdirﬁﬁrhg}‘rmeel sind I;ilth(fern@Sg lobgs atsthée Ipeﬁpﬂiaay ﬁﬁthe device 100.
et the_silicggn pill|ars 1402 4 nor
de n\é@ﬁgmp ac E@(ﬂ"%ﬁ I9I "ﬁ?%r atﬁsetﬁg seyice &Jrfgﬁibmg 2'§b?fieergtp? @ﬁ‘ga““ of the
pidto "rrliéﬂ'skC’rBOlDll*nets:c pédregangfelrad it/ antundeingng Iaygg of hard mask material
it ra ined criti i men
178" | e TS e of e, G TOChRin Ireoiate fasdigiy sticing
ddiceiTOl dIGEh the lihbB-Beyt eem 1Dview olFe@leb@qdl&osa' bectivassrthogonal to
thsgésg forns a pattern of isolated lines 1602 within an

CIA§SSPRPY | nes 1602 are separated from one anot her
by g@ne1]1604h amwnﬂadonaéntlﬁaag EwGarbbﬁi sgms pﬂcﬁ;@és exfuethdr reduce

thell%g%ldthvt%rlteéscﬁlandfl: r\sr?erlcaoFrlls tEe mlnlmurm pnnfcfable S|9g of a feature of a
photo mask, the lines 1602 are 0.5F wide and the gaps 1604 are 1.5F wide. The carbon
shrink process does not change the piich of the mask 1600. The shaded portions, the
lines 1602, of the photo mask 1600 represent the area in which a hard mask layer
remains after applying photolithography and etching techniques, and the unshaded
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al so forns an area between the pattern of spaced |ines

1602 and gaps 1604 and the array-boundi ng second mask
wae/02§70099] Referring to Figure 7, the spacepPGI/USRA05/030677

formalong the lateral sides and ends of the rows of
podiondeh@ taps ¢6ax amdiheiborddnd 606 (FBgurddB), rémresentdheaateadp which the
haa%ounl? thel egd \pf each row of oxide 2 10. In addition,

FeYer 139@?6@?963% 11, the spacers 1102 form al ong

t he [0H02}r al Asidbssrilzead abods af typioal spakiag Sprodass fiorusedg After

l. h hal | qw. h,8Q0. , Duri
doBorifith ThieD L LerimBER e el B, e, A oFroBen oy patterned
usmgsi;veﬂlmgdiwru Imdbm@th?ﬁmpryatarﬂr Etcbihgsipamﬁ%é;i. nngnr ]f!ligﬁ"nmen din some
causes oap,of spacer an .
erPRTREIE n ERBF Eblh CPRTRY F03 BATHET dFVohleh g Ceiggs100 and
expoeeds fracadiation0throughO thee phetodmask git0adi Ralldwing rthishexposure, the
o BB . SR R Aol g g g ro mask
1700y amdnige lhaapmastt 170kispechaaterexpade thhsubsxdte d 10 00the gap regions
10 Fi 17 i .rat devi f Fi 16
1607 288 tneastiTpdiPn 1506 THATSR) b e dBVEE 300 as been
tr ar[e’_i(ETj r idAg Olugmta@ ﬁelilgwelrrlg? , Itiaejleafrd oﬁiélfaﬂd)_orramla]icnstover the area
t . I re. I es .t he 0 e .
of ik SutsTeiso  thirbepte ik mest MR REPE thE1 o7 dRBTerebiipe tnes
168R0ang tedacdd e OBMBwids Usingmat deeboti e peocesso(edg., by isotropic
iR Fegrbs R RERTe 2 WS helenh i L PR iR ipte size
of tdedituret dfer prodaonaek.t he | ine width to I ess than F, where
si,ze o at ur

Foi m pi nmu ri nt abl f .
ohot8Bisk. P} et Srspdfes”loder a7 Phnpe seme view
aslth@4ecedrrl droSsadtidr, aflerdoesind amplwhlity ok thdagregsrditheesenubies 1800
%?tlré?e t he Eﬁ t%hﬁjgf t.h sk 1600. The shaded
a"@ Ereoving e hardasis h00- ot t he phot o mask 1600
r f8pf[015('£5]t I t Miee aﬂrearéri&hw‘lhhsdfo aref‘étéhbéjnia’@lﬁh!a aybstraterma isthe area
ter, appl yi phot ol.i t hogr y, and et chi
16Bch e iBece BibP Tk Sivanatshnd 1Rl a0 Ja0q e be etohed
usﬁ@dan?]WGhrWQTCdaghi&Iﬁ@ﬁcrfeEi GHide ald oulkr ﬁﬁdfcmsgtng]éat kisnarre&.i m other
Ich the pa er..1s renpveq.
erfiotin ool Sires HeslcaBrRiE 10eBd e Jecolg aph etches the
oxﬁfﬁt %00, dep®s iALtémgte?w, Itiaey Erst efch fmmhbsrtgé loxiera tooj ?:FO()&QQD the second
t.he har sk 170 a e patterned using well-known
etﬁh%tf:@?ﬁ ?‘ﬁg@f:%ﬁlﬂpsgﬂge E%O(k:)hi ng techni ques. For exanpl e,
i n goneelenbTR fvatas wapdivlearetghed 1800 Hep@sddptitip@serably within the
r .over

bl anket | ay t vi ce 100 and exposed to
RGP LAth SIP A IrAoHb 3t SR ROTe SO BB W HE R o about
3,@0&1»&3@ @@Quttd‘,lm(p)g.oﬂ‘hé ersi'rcstrefﬁ%hlemﬂae? da?;@ela tH of @pEx@Riﬂhoegely 1.5F,

phot or esi st. sk on t sur t mask 17
orpieany Wan Tha SO don dref &yt gl JgBR A R e Breferably
withir gie aingeéo‘r%ont 1540 gatb é@cgqurrgo 1604 handlird henblesd @802 extend

regi Qn (Figure 1 of t. evi c 00. 03 '
atpfity it 15 QRie ot e Supo il e et oo BFeTEhdo the first
treMeREs 8¢tﬁarﬁ:¥t@ah@fse¢dne tenbndy 8200, dilible Wbeice 100e third

rraslio,].g 0 Bgqurauy,nﬁ% ﬂ]iIGI‘g %r'engf{e%ffgoabe!rg ’deggeer tLérr\] ﬁwse first trenches
800 to allow for the formation of a transistor gate electrode along a sidewall of the third
trenches 1800. Further, the third trenches 1800 are preferably not as deep as the
second trenches 1200 to allow the second trenches 1200 to provide isolation between
closely spaced transistors when the wordline is enabled.
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1602 are reduced to 0.5F wide using a carbon shrink
process, (e.g., by isotropic etching), and the gaps
wa e@d/obsgcone 1. 5F wi de, where F is the m ni nunPCT/US2005/030677
printable size of a feature of a photo mask. [0104]
Fi gyo+08]8 i Theigkvied ¢80 funiaerd eamprisedGlicof pAagut8D2fdrredbetween
thtEve same wf#Das the second cross-section, after
¢ BVitegcaeHfiH% ity of third or wordline trenches 1800
and [efoggr r ERN n@muktmtmtr@ devide 000K, Fig@r20B] frdlvethe same view

as; e Reddnineioes sadion, HhEr SOTTSE o iydr ' SiQERRE (Rkniart ooz and
depodititg atigyet b natatiap*9@ieord tHe, del@R0100annke aisdubtents thegielectric

o S e SRS 4 590 ety

wigirctresrahbe of abbwtdd Aubsiboat 20 AlBnd@tbra pesferably mmﬂn the range of

t th i d 00,. 1300. t t
aoguCE i ABa ek o Eiiiebte 1808 R ARpronrabilory b Sppled by wet
oreft')ﬂhﬂdattdhmfsﬁlé sarnitorsdiletr sabstratd 010 fdld@6d by kechiry thibugh a mask,
800 have a depth preferably within

Orngﬁjﬁ'g% reng{ 3‘?0}@"486% A to about 4,400 A and nore

pr gg[gnﬁnl Yy ™ taEl @nbdft&méﬂnhglee oﬁatabﬂutg(& B&ﬁpwsetwa aduteltelectrode
A The third tr es 1 av ]

koSS R By B, YSRGS o b g CHAHEh e, SHRGRAgRSly Y4F.

Pr@fé@aﬂly, l%@o@&sin@nﬂmtd thlokB8sdhof @ff]iﬂomé%lmzﬂf Ar aid Bnore preferably

withi the e oh 8515 480 AR abhu S0 AL The oRatieerd T Rt Spposted

usniga.m/ suitabit deposiddn praeespendh ag) @r exsimplef dregdicsilvaper deposition
C@S é\f renches 8t00 gw{% to the second trenches
( §rp YaRpL JPetdFVPY107] Preferably, the third
t rer[oiney 1800e polsikemprO04tinarotdepodiictdi tHe tesrehasmBioy etching
to all ow f e fo tion of a transistor gate
th%g@r F BER& &Oéﬁg'gﬁres{egawal | of the third trenches 1800.
Fur tjoe12] t heigubd polillusipated e déiike woeomgur@rwblfmrmmte safne view
deep as the second trenches 1200 iF?‘ al | ow the sec
b

as; Ff@qéﬁ@%ndlmsts&cmmfé ? SHRSR" SiFNpabderRirning Y| gﬁcessmg the
o;f?@ﬂlﬁgﬁi 19041@2183@@%1%&“&{119@@\@@ éﬂéleeﬂssﬂﬁ)malk)TW sbﬁ%ag%lch also
he evl ce fur er co S SILiIIC ars
sepgiatetng SPaga 209t e PATSTR o fedbird iBpeh 149000] Fi gur e
19 ifoh4syt r aRRseddiy @Ry igoR/siliesh ofooki and ethéSdleffeE:@lm 19® to form

sane VI ew as the second cross-section, after form

n
spRg§rEr2Q00 %’I‘Pélsé%tﬂi"? &PRef Bife Aorticsn2002,at thepsilican ljars 802, The
re!:é@éei% é}:fpr&@ﬁwgfelyabod%ot’b fprbkimatty 1660 B0Qr dpprédimately 1/3 of the

enbodj ment, the dielectric is a gate oxi de conpri si ng
"IP@B%"&P@B(“'%@ The dielectric 1902 has a thickness

pr efreh ¢4yl v \MgtuPé B ﬁllﬂx@trét@g% abviad 966 oPPighre 20 ABRALUhe BBme view

A, and nore preferab hin the range of about 54 A
ast theatReond guose-serfien, oﬁf ré@@ﬁ‘i"é‘“ﬁéb@ dev'ﬁe ai¥Octsbaftereforming gate

,Sé]gﬁbnbﬁ,a@g,glg-@g by wet or dry oxidation of the
sem conduct or substrate 110 fol |l owed by etchin

g
t hr dQdhSla mis ROMe remfipdineiltaclhe| RFORSEHS| HieRIMay cause damage to
thé @ERLAMESt902. The reoxidization process may repair at least a portion of the

damage to the gate oxide 1902 at the exposed corners: at the top of the pillars and at
the bottom of the third trench 1800. The regrown gate oxide material 2100 isolates
active regions of the transistors from the spacer 2000 at high field corners of the gate
electrodes, and forms a characteristic bird’s beak shape after completion of the
reoxidization process. The spacer 2000 is the gate electrode or gate layer 2000. In an

17-



[0110] In an enbodi ment, the material 1904 conprises a
gate el ectrode | ayer, such as, for exanple,

w@eiogd®2d77Ton, and has a thickness of approxi map€l/ysins/030677
2F. Preferably, the polysilicon has a thickness of

enfidaIngetit, Pt&bgbaXIM@nAs aapl@dglyr WeMredrgr(ﬂhﬂayoNbe hierlslIbls’trate 110, or
r e of about 490 A to about 510 A silic
oy S04 emE Crsian e iueRg o Suftiobre st Bordvi ate oxice
maEft 2300, which famedfonrthe yatgbesr 1©0e niscathedadEmk from the gate layer
1gﬁ‘gpositi on (CVD) or physical vapor deposition (PVD).
111] The polysilicon 1904 is al so deposited in the
t r eqefiéejor nasl absy) idtistriatenigint Mgurb @1d éve aﬂse&:arslﬁﬁm éﬂél fgtmed on the

equ%ﬁgl L&)%%égi]dﬁ %@%2 ghhne\ﬁslt LAt a{sh@aoge c OSpacers 2%2 comprise

a mfrml%&oﬁ%mmgﬁmat@fd] ed‘ulca ap&;reixaeipﬁi; salﬁdn gttﬂdm ,rendaard formed in a
rec g t 1904, t ' t 19
oSS JRUE AP PR 20 d0e oy el iy Ao
abbgte $h@8ﬁc§r§29®(§2 ate édﬁlteﬁwahdlre erbade?EZG)Olﬂ laddtrelaimcde shleldmg at
. ces e _pQ ican
PG PRI R60Do 7 o reafiat s Brbb Sl sathie o gu prevent
sheitidlg qﬁOthtal gaaiteZIﬁthe%ourde?dlslri fromna psubsequent 8@Rcidd h:eocess The
orosE S Bt (R TRearEey o B 92 steor g Uit BRPERR A ptalicbygaaters 2000
at ﬂ&]k?ﬂﬂorﬁ:of%he ¢ere@ctl1800 wigt hhalrr]ﬁsdet—b@wtaﬁemgmté@@ of Figure
20 t he_sanme,yi.e S e, sSeco r -Secti .
ai'1 D Pou; OO DR B B8 MR i e same view
asgiad eecto&dlomgsmcsm@etesfoanih@& cdn@ddibk ldyer 200

e M oxlnueh FoBeriett PeoAzar HRCeS ROl Raglicced (oot

aligi@dpsiliciddtionpsforra apaydriod 6orﬁtfuct|\l‘é§mdm922(100 A h&t@ atiyér is blanket
OXi ners: at the to

02 at the, exposed
ofPH{eg AT Ao RISPHGLE G GTCARE Where Ve RATF gegspiacts sicon
sufhes roﬁghé}mp ghtre ikdrd @andmhehé akpcsbaGurfacd af &% @alysilieen spacers
regions of , the t Si s rsfro spacer 2000 at
200 oA Prbpeech QRS il b 200, FREEs 2o apl g metal
SuCHﬂaé afot exaraplectubystdh stitbreiank, sjﬂaermragfttaairalmmdbeltlm rockel, and is
he reoxi dizat reces a 000 is t
ooyt AT A0B eBerTOGHY A e B0ar Ehe Prefaash between
appeithatalyi 190 A andppd Aalichy Awelective thetal otch danbess @fceshimetal and
subst e 1 or, hy ot her conmon oxi dation
m?tgl tﬁ ng?éé“’%Fﬂ“aﬁsgﬁﬁ%di nment, the regrown gate oxide
mat E{M 1598 Z&Wfﬁe Wizt hsnfottrelm@‘rr@n at beif-ghgred! agr@piplri@Oéyeri 2200 to
et che c rom t h ayer 1 1
G pASg IR sePTOH Y Ao te witiie, ad e nesbS o 3 g on the
to;smcI)ftth@ pmarés@@ tol pnﬁﬁdessod&;emﬁtdrgm c3f@eisphs ihihestidties anderstood
pil]Jars 1 The. spa 102 co
i S e 20ty A ERESH) Bapo2 GRS ihaigagic, onsros e
seisaﬂaltlﬁrﬁ)ﬁf metslptadas 2800l atthe bbﬂorﬁmmhertr@cprmoess that is
SI mc{é Ip bei’ﬂosép P r?ar}l/J %Elﬂ (F] othé %rrtmw%pfae%c%mze Qhét t%‘g conductlve
layer 2200 may also be made of other metals, such as, for example, gold, copper
aluminum, and the like, and need not react with the silicon. Mixtures of metals are also
suitable for forming the conductive fayer 2200. If the metal strapping layer 2200 is not
formed by a salicide process, then the preferred process is selective deposition on

silicon. Other methods of depositing the conductive layer 2200 include, but are not
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above. The spacers 2102 are smaller than the spacers
2000, and reinforce shielding at high-field corners of
WO b@weg28727t 0 reduce or prevent current | eakageP@nus1005/030677
prevent shorting of the gate to the source/drain from
lirdted Ubs expite tersal icherdiealpvapoe Sepoditien FROCEDS bWwapressureschemical

BB BoR e R ptd Boir-L R BB AR  ne 1 encr

1800121 h t Rigurel 23 illdstratesthai devivg 100 afr Figlire 220tdm]the same view

AT b BB e et g i o
indutating maatarial @3d0ctin we dnaboeima20fie indlati@y nhatedal 2300 comprises an

enbodi ment .t he | ysi.licon spacers .2000. ar i ci,ded
XTI Pniod ST CRIoBrTSRET o JRUIGHLR fptéfl 2366 Can be
depositdaisingeampbdtabld d&®B0ion Aromessl suchyae, forsexanapiée30D, CVD, or
P posited and an anneal step causes silicidation where
er the netal contacts silicon, such as on the top of
t he [p123]ar sFigok @A dlbe ilkxraise dhs wWevizee1@®F afthe planarization.  Any
[ ysilicon.spacers 2000. In_an_ enbodi t . -
sl R BSaSc D 1oL EER] LG al Enapipay potishing
(C8AR) Imayshe fisaxd. hen@R, siurtyrig ptefarably istleniivernersust the silivide to protect
ant.al.u and nickel, and is between

t cobal t
th%ﬁ%’?%%? rﬁrhtﬂéq g;ﬁ‘alrdepsA and 300 A thick, and nore
preffe128] y Bemwenviappf thw seebed yrot&8edtionn the2ddyiok 100 comprises

thick...A se| ecti netal etch renoves excess,net.al .an ,
2 It Y SR e O3 S RO RtoA o Ry Y107 PRIl atce filed
thisditrehdhes 18008 Taheticbn alllagnt8i2sdre apgferablyl appeoxiBa@y 419 A to 510

i ncrease |ateral gconducki, Vi | on e rdlin
A e, PR ot BT PR b RS 108 YA Y¥ies 1960 furner
coh@iige ttioe patydidecticutdan?, dredl gadiedayerc20®aahd , thasondldtivéetrapping
| betzg@g under st ood fromthe discussion of Figure 29
AFEIF6W- An opti onal physical etch ensures the

sepgo#24jon PBigutehe4 pstretes 2@P0view df ke bievicemoof Tlee device 100

trench 1800. [0120] T f ' kill int to
coRTPoT aB i 4 Yah PIRG iR 1obol Sypliovoteson gy b e
fillbe soruhe avideap renctisat £208, arxditl oxisie-flled tHndaonmaedlingdteahches 1800.

ESRECH Tl DUt S S R e EEpIr s e
withoriitride ¢ aitheasmabadirmest (bey Bigui22 (32-34| nd tedatedbteat). The device 100

trappi ng | aver. 2200 i s formed b sal i,ci de
rulpds BB Res e tinEete e he (P ETowRY e 3Rl freyipacer 2000, and
thdermgaistr‘appsin@ fayer RR@MNThéXlibletirictdyieo dS0D fwhieplass ionly dnitbe sides
nducti ve | 2200 include, but ,are notlimted to

of g SHicqT el PEDAe AL 5 2 T S sbLatPIgNE AeriDR) SPapg), 2000 from
therstissn pilacht802¢ & notaghowndepolafity] ofhe( inBEYBYrap@mgl layer 2200 is not

HDPV%EI ccﬁll .tvapor deposition (PVD). [0121] Figure 23
SOOIt $Yt%s t he device 100 of Fi gure 22 fromthe sane

Vi eVjod25]t he TRe@orag of rsflissn piflatsi 1802 adst @ firstipitth 2402 laed a second

oleR D15 Stk B SRR Tod B e o ay. The s
pilch402tid thg vaathest tak sRidod p'ﬂ:lgﬂﬂﬂdZﬁﬁmaBsméd dte treug-tirexdion plus the
i de. The, |

for e le,. .silicon diaxide. ul at.ing materi al .
ity BBEs Sgb bl ea o2 areamy e, i i b higdfat 7 Bbond pich
240406 B8, lersgiie lof e diliebn eilniige2 &sCheasvell iwrthe x-direction plus the
distance between silicon pillars 1802 as measured in the x-direction. In an embodiment,

the second pitch 2404 is approximately twice as big as the first pitch 2402.
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PVD. [0122] Figure 23 also illustrates the device 100
after planarization. Any suitable planarization
w@e@e®3Ew77 such as, for exanple, chenical nechaPCT#Eb2005/030677
polishing (CW) may be used. The CWP slurry is
preflenzd]l y Peirecsfi pillarseri$02 funihes Ubon derotrasipnet 2406 tdfievertical

con act pillar to Fromthe vi.ew aof .
PRt Erah apBcal Lo O 2atd eonBiRdso oy ptls a0z, which
ar% @ép&t&te‘él: Byi th]@ Bxipé lo]t AitridlelfB192 first pasidlied tfanoms8o0@ndohhetted by a

t he ural it oxi. de |IIedt
chatiesieR seiant 45 ngieithdspanEenifie Sl Rk sotf ofhe vertica
trahBtofs 2406 Hie Acparadesd o oner engihaf iartaelyydireto by dhd 8Bide-filled

A V\éede. T(I;e tFi r;ii%qglrzenches 1800 further conprise the
SeGaREOH_aPLERNE TS , the gate layer 2000, and the

conqog27]ve Fhe apgrtng bﬁ@ﬂ!ﬂs 22 0ford(ir@s22)0Fiageirseparted from one

ew of the devi 00. The device

|| t t :
anpfs” Dy i SeSTied s SR ForeGRe SF9% ar s 1802, ¢ ho
f l rqmm] shalgues\2t rikpebrRs BPErspédiive vidwrlef tHd siticahesitard 1802 of

or ches he oxi ed third
OGeHES 100! £ BiscfiBecanyer Tas Fe Horiiecaicy Gup dbé il strapping
IaWr@ZP_O,: Jlrvﬁlgh \ard hl‘brﬁh?éd di thewbiiénd trﬁmﬂi 1 ?iooegawbé@#z NGt for clarity.
an itr i n,anot i.ment (see
Alﬁ?’glﬂﬁ” k@“'%fg’ggb’a}%)or é%ag}e%rﬁ #"8%%“5[?1‘?3%@%”% 100
f ur tjoezg]c onpIguse 85 tiletraies leegilirality dfay-ehagedO@rofrasibns 2406 formed
wor dl,i ne s(q)_acer

sho t he 00, and the tal . .
0P S Hengars SeAGbs AR drasciySRanes e s nclips f par o
plﬁa% ﬁsoz%unévfed bg an:rd#}ﬁeIOlBasIehéegfﬁmérit @407 piddchrg- sﬂa&@@d protrusion

thin | a er Separatln%fg e . wor h ne s

2 0ipcfiEin i SouE: el G G 4ebasaos ohgge vRBRAT rapsistor.
paﬁ‘llc&ﬂart yachT;hI%rﬁBDabf $He GPOMNPIara Y802 208 ai sdurat orseharnath region of

r clarity. . 25] The arr of sjli IIar 180
toe JansioBr. e st Einchuil seharaies ol EBR o bireffofugien 2406 from
th@:gﬁt@é? pllﬁrt1MZ$fSh@Wr®mma?60rEmaécﬁn@ teérmlgiemfw Séparates one
the array. 4 st | the ..
w005 aBeE B FrP ey b i i Fecton.
pl usoy dl Ebdﬂ@sl&ﬁie%@llhr%dn_?_ﬁ@ﬂoﬁlﬂdsgm ﬂJ%tz%gi% side surfaces
neasur e i rection e, secon
fafing A WAGHnE BPRo 158 ITPEURG B ioucercu el el fAdtioioh Each U-
srtab@d >pﬂ|ar b@lﬁbbﬂﬁnﬁsuﬁ/d Hiﬁi:kdb%taam CesHap b RAsisior | Iﬂ@eraths having a
| ars 1802 as neas in thi X-directi

oA BUERYRE, TEiTe HEGAIR. P CHS D DRk Befachrastaestyow paths in
edch lﬁ-@hé&ﬁed%ﬂ!}ar%nrtsfh@ré théSdouFHet Gl‘aln'%%@a daﬁé,&ﬁé bEdt—chbaﬂk transistor

illars 1 further, form roru5| 24 vert I
ey B By G20 U-ehie el ek By o e Rodrentip Bl diFashSer. The
baxRAPbasIEFatisiMloffidw pdths hBéaeh Wwbhapedilar p&ip furat reduiant fiew paths
e or. nitride- f|4lghed first or shallow trench 800

0X
ofmg%@gaﬁ@&pgﬂrusyng annel base segnent 2407 that

ext eods1beng@idn tHactraisalidrevré rrivd) tBOQurrdhie; stays irc &t side and
transi stors 2406 @ gﬁp%(g?rrat ed from.one

ri%h_t §ide ages Bi/”\eh nSistary POl AY 2688 é\,egrle}t rzsidtehaend right
sidd e0Fhes df208. U-shaped transistor protrusion 2406 are defined by the third or
wordline trenches 1800. The current for each path stays in one plane. The current does
not turn the corners of the U-shaped transistor protrusion 2406. The transistors, in an

embodiment, can become fully depleted.
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[0127] The wordline spacers or wordlines 2000 are
separated fromone another by the oxide-filled third
w@eroosoestiT ne trenches 1800. [0128] Figure 25 PCT/US2005/030677
illustrates a perspective view of the silicon pillars
18030142]t he The workind9A000Twaralingl secdluina df dlysirapt8Q@nsistoes. The

) rdlln t he taI str pi l.ayer 2200 .
i PEHORTES FBR L A0 he (LA PBF MAETREER b nofa, wordine 2000
inh@e)ndlmﬁlbnoff for clarity. Also, the trenches 800,

120 1300 re sh untfilled fo [

FodPeasa ;1 G EmEReelt e Sebdd, vl dt 1 &0 sLgpepet than the tirg
trePER 1 BOG, le@ﬂ&hézﬂma trfeﬂblﬁmstbM debperahars tHefstitredion 1366.

descri bed apove. ch U- rotr
pai l0&#4lpi | F”arag ¢ %'E@Hﬁe@g grsg);regc hé\(ﬂﬂéﬁ q@%‘i yith e oxide-
copREHIRN tmaA4fH - 9deache lée&Br&PQKénI@Iﬁ 01200SisOfled4ath ithe | dkdfescontammg

t he saurce, n, and re o s of the vertic
matera|<i30P oarid tﬂﬁ%%m@@ @HV@ tﬂspsto“@”@f”'?qq@a?eﬂa' 2300.
O;ﬂ@néll;ﬂfm RinbihaF @mbB8ithenr thie fﬁstSt@eﬂcﬁﬁSGéUO (saﬁlréd amm nmgjeecmmammg

t ransi, st or trenc
iprfae BTG TR 18P0 (LTHATE PR Sr PO G PR, ane the third
trd{lglg) I01asoo iS Gl vith fb&ldtérdahfalnﬁrh@ma?ﬁélf% A'Bhﬁloﬁﬁgr%rgdesfsrr@nﬂbps could
separates aqne transi stor r .
reiiit o P Sneane raeal e 15, st HRAEN 800 3 Hldfe grst trencn
8000 3R] a Easrldustivehaetiapi &d adill CtiMf’omlirthﬁa@tthcEUsbé& Witho respect to the

s facing a wordline trench 1800,
e”ﬁlﬁﬂqtfﬁ‘% oé]%i%ess%éggelawound gate transistor. Each

US ha{pwb]pl | FRyurep26 Elluﬁmﬁs o€ enibodintsnt Iof the- tearsdistor from the same
transi stor avl n
viclt 36 S i cpaesecim il SHroP A Rathineoshoiek 200 et S gatedy
cohhéuts e %&Jr¢e7ldr@mbglbln§ bﬂ%drahlsistoarprcﬂﬂjgronmﬁm theh other. While
sou rain at e ac

t
tng B8l e spe o 20 h b SRR FITE 2P bRar bedb S L b e glane o
viewldae eei@nbf theojate diad sphdier2000he lrtmai@ct by dastted lines 2414, 2416.

DarTPEaTHERS MR sne RefST Sotne MR RSBl e B {aocon
24??{01%6]/13 g]l'hé(\i@ris%tbzﬁdtrgﬁ@h smg% a?mpﬁiag grgezlucidﬂmuar 2600 and

2 §RCaYesisour 0P vares'ey B B (ienTH| banpSeome! Bagg. Each of

pllﬁerQGWdZGOQgﬁs &l Ghe deped Q@ﬁrée/@nfalrt Fegjidd- ia emp@sbermost portion of the
o 1 b B B O o A Dl g e iy

ddbb@%glbrﬁlo?@%ﬁ@6&2©ﬁln§h%)e§?edz&m does n?t turn “2186
corners. o e shape ran rotrusi on
The IBA3FIo! s TDF 42ns ob A OSHED D furt ek AOBBRRARE Fofadegion 2608

thélteeblt@rﬁc%dfrcﬂrﬁlﬁézh HapedRsdidr DETB, ZIQQQgﬁ tHef @wﬂdelaoaselsegment 2407,
of U-saedtran3|stors The t hi IV\glrdllnetre

to flae gored raiANe20 0n Wit SHEh pﬂ@edzf?@m%% 6RRE MO RE Ry e doped

regBA2608 fériR xt@hassd triineld ¥3fransistén enbodi nent , the
second trench 1200 is d%ﬁer than the third tren

180d01381d t HBet i rdPPEF ePRUICE(BEE iredige et Ph4te fﬁet pillar 2600
conh&&s with&Rs R+&RPed s8dr3dkdrdin r@oﬁmbﬂﬁétsecéﬁlﬁpméﬁ 2602 through
trench 800 is filled with the oxi deconta ng
the U-shaped channel 2608 The channel Iength of the tran5|stor IS the length extending
from source/drain region 2604 to source/drain region 2606 through the U-shaped
channel 2608.
[0139] The channel characteristics of the device can be influenced by

tailoring the dopant concentrations and types along the channel length. Additionally,
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material 900, the second trench 1200 is filled with
t he oxi de-containing material 1300, and the third

wo e@aok871800 is filled with the oxi de-contai ni PQr/US2005/030677
mat eri al 2300. Optionally, in another enbodi nent, the

chéﬂab@?isﬁc{s&ﬂ Gie §&\dcd (Sadri‘ thd ih&lﬁle;]nmbﬁ by nihé tyipdef exeériiitiiged for pillars
eria trenc

t t h . 1200 is filled wth .
263 pos 266t B AP e FraciATF IR aT RITVSTCER SN dhe tygpef materil
utiizZ2dfibd the Gatd Iine mb@@logo ahaii m@ﬁmfit@% gatédiele spama2000.
rocessi n t S CO repnove the njtride, contajnin
mat 401400 1 -G erRRY+ i cetoRdicigosuaRRte 110 thdloppidp create
chiririN GhdB88Lrbe/t i régoviu ption & :ﬂﬁl?é @tdrﬁbtepﬁgdegchﬂ)edoebove. In an
[ espec enbo

further discyss: t t h t of .
ersPeRs, o SHEHE e 181 50 Bosed, i sttt RppeIdan dedigng prior to
pr?ﬁ_@’@ﬁ?@ Whemfcoh?@tdrrm&b\?\lhmr lﬁ{?ﬁtﬁeh?nﬂal’@ﬂﬁneﬁt,ememnﬁmwctor
I rs Cross-se | On I N | . e a | Spacer
subsitste (LS cnbet o daeatar s itainy o S cPiardl i Bpssing steps
d uﬁ% it S tcpf ?tbbkﬁ‘ des@inad Sa:b_Of/e. priotar mmhgna Sgﬁ_aﬁntemt,etaﬁ hsemiconductor
ot r. | t he at | ne acer 1S, ,not .shown | N
supsts 4 190s ekt da este ol RitAG e o R liRbelSO¢ el steps
aftEhmdei‘lélﬁgf‘étcle;_ﬁs‘ dé&tgiggﬁtae%é.gerhsmh gorlmear iéj?vigedl}oomfcmdbe doped
asng I.NES . sne | ne . SO . .
sl Y SUEDI? HES R PresRss, Fudtas. for g ple-Je Hiblmidtion &x giffusion.
180901419 136Figlifec2a Nastsite &7 expnailanySniodRA€d of arpinveatien, and it
a secon

ca first silicogn pillar 2600 and dsilicon,.. ..
s § Pp aindsiend: Biatdas dyen(Pn HSO BSAMBRS T ETous fRefifications. ~ For
instAEé, tr’/é;:j\@dspaaﬁ tyids! son 26 Figure B8 2camalse %\/éfdtaddm}midﬁ to the shown
ource/drain r n in an uppernost porti of the .
embogimnt. ik #ihE HEAUDPS TRlBCCRT SRRt Papossggnductivit
(. ep-npe) abgbes] Afliked tHeephgry idgichepeth begioprertdd to opposite-
i 11.ar 6602 be'%n .| abel ed 2606. [0137] The transistor
COB?LJﬁt'}”E}g"-Snn'EYLPG’ r‘?(ﬁ'ﬁ’lsher conpri ses a doped regi on 2608
t Eatmﬁeﬁ] enFSigUfeDm’ lllustrates g‘ongemorﬁgﬂrﬁm 2Zﬁ@ﬁ;dat tilteda@s with other
t he channe e segnent 2407, to the region.
CIesUS VY ATR Mo OU oL ALSEE SORA o B e Sgtnals 2716,
ThEhRIdAReSIgHRIDPTY 2816& cfn@rd’fﬁn@egn@héwedé”@ rateehe®bryt dreay 2710.
ped sour

transi stor. 138], The n+ do e/drain region.
Troeka SRnaR 1Py OF 1 el 180 B9CY AAGTE! (i SHOE HE O Birieved from
thélpeabrpanage?ai n regi on 2606 of the second pillar

260 hrough t he U-shape hannel 2608. _The .channel .

oo tae Plh ops amsodsnt; BA B ouf SR 201G 1S i random
acs&Y BEMBRAIDRANMYI PNotR&#mbAYIRONE Gied EHetidly BEEY QN1 @RS comprise

t hrough the U shaped chan 608. [0139] The channel

! . ' el
a Wiig \REeR PlsTPEENLFeVides YE iaéeS%%téanS NV RRIESGEBYrY: extended
daEarzlthWeﬁ@)r}r,hél?(téiﬂ@ﬁrﬂagﬁ gm;:@)mahﬁ& ir@mﬁaad%dsﬁpﬁfma&yq@o DRAM),
e channel | ength. i tiona racteristics,o
SybeEotRie BBl Ao Ao maon, (ST Seihe Shiz &1 Synghronous
dyHhld @dofr0hcdeish | éom 6@DRISDRANY -syhehrbAgUs, litkh@ynamic random

devi ce characterjstics are influenced b ype_of .
acheR e FeaIon, ¢S+ DEAMY.s ifeq FRndga eaesh Enarpaly i/ s dynamic
rahdtfin t fdceksansmefy (RBRAM) e stdtib erappame e Omehdyt QBRAM), flash

Pr ef er abl |¥ Lhe sem condEct or. substrate 110 i s doped
MIHOIies. QF gNY other memory type known in the art.

[0144] The memory array 2710 interfaces with different types of electronic
circuitry 2712. By way of example, the electronic circuitry 2712 can include any device,
which accesses or relies on memory including, but not limited to, computers, and the
like.
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channel and source/drain regions prior to the etch
steps descri bed above. In an enbodi nent, the epitaxia

wo aye/028707 i s doped to create source/drain regPONES2005/030677
prior to processing the sem conductor device 100. In

anoffrys] enbpgk eembutetdeodprise; Byduay of esarmpler ptazedsdds,i rogram

doped to create squrce/drain regions in additjonal .
g BE £ AUl COTGHTEIG™ trereserina datp ang Juplidh: which operate
asod¢Boed Remid. unr lger esvhiaudirm®nis,, thehsrosegsorobahiebmiprise controller

supstrate 110 .is.doped to creat gﬁ?our ce/ drai

. regions . ..
CTPHPG TP ETS CTERe PTG e e pEnSr] dUbes Slgle-GiR Y mut-chip
micepIcEfsls, aligied signtlprocsst ore nelubédieddriciopeock@8ore amickezontrollers

aiﬁeﬁlﬂi usi ng any suitabl e dopi ng process, such as, for
an €, ion inplantation or diffusion. [0141] Figure

26 i[b1463t ratnegoraé @mrmh%rty, &ﬂb@ﬁhmgbrrﬁil z7hg and the electronic
.l nve 1 on, an It S to under st ood ¢t t the
TP 1 2rpre faelieplsi sebetten it b bet o e megpry amay
27i1osdna|nm3, eléc}ft&:rﬂﬁbi&fmtrﬁ %pms aﬁdwmwgr:gmg_l:ﬂogamer. _2rg=uctaem}m|re, one of

rever S¢ elatiye to t S wn e oal ne u .a .
ordifarg B et WGP ETETEans OB° Ry A 8610 gb0s FEpemented in
a Wide duGdt of devidds, ﬁnodgctbymi)syst%gidwns, and |ikew se the

-t eglans c . onyerted to , .

oppdBT4Tconbitta 41 HyStaiesihe mena aray A7dRdhagpmpsises a plurality
of Megnure caifs ISZO#JFS]IHetaﬁeﬁerﬁorV&tﬁw B3 dr_é)br@a_?rﬂiédtihigtlcglumns C,-Cy and

I Nter]aces r ectronic clLrcultrc \"4
o ot gt oA aader SR 5. ron it o€ Pt the address
sigfhalls6271ﬁh&>| iadalifestse solgmal Gy ad dovg RNe@ftthenﬁrgegednmemory cell 2820.
g, s G et T ab et oArRpy ey drorplines and the
rocf‘:% ?I‘sét?pi'lt:éllquomtefsic@gdt‘:‘ldwe%r omht he nmenory ar ra¥7271_0.

n ope e | nt, t . e r arra a

dyniﬁ"]‘@]r an @H{eggiﬂgg‘re mwg@bﬁgﬁf?/m?rnor@f{%@yjz%b?ormed by the
de@i&’@?ﬂjtmeﬂl? srt bmbaeigﬂyny, &id ay trﬁ& bmarﬁtay?@rmreia@a vertidatl @ransistor

varil e OofT . Nor Vi C S 1 C. ry, .
CORRRRRIS: ndaboripe S TiRE 2T 141 AEh 88 ehe oty il LR RS dhe transistor
coﬁﬁé@!sh GO relymgfyi @tora@aoungaczgasqoxemyas( FEOICRIA,. a capacitor, to

syncnr onoys nam rrandom access ne r .
o AEA 2 FETBRG R SHOLES dyniAD B ac FEfsembediment,
therewaniory (s@?&gé%vgité DI%QAW @:@b{rﬁga@u@dnsa’s t6yonarof che pMeaM 802 of the

acces nme r I an m essS I
ot oA ey e Pt SRR BBGER S PRRBI th caste

ling¢ a4 4apdom access nenory (SRAM, flash nenories, or

any r nory type knpwn in the art. [0144] The. .

rrendﬁng_r rayf! Qﬁac%n%@g?ﬁf&‘é@, \r}]\n'ﬁ &MY & %%yﬁ%@pr&emg the U-
sh@F@@&r@ﬁgs@r @a!rcstﬁm_idnrmdgfge c&ycaa_zw&;mg aﬁaaﬁ@g‘@mérbestorage device

electronic circyitr an ing¢ e an evi c .
29{Ri eHA HIecbUBe 208, oUPES 4 SPeRo M, EHBPREPRG AT hathere F is
thélrﬁmmmntpaintmat@égdefm@d gyhel p}kﬁ?r[e@iéﬁﬁias%leoo, 1600. In the

conputers co se,, of exa rocessors .
eriheghah Tostiad BY e b are SPauiurh e GRLCS the F sized
festQfsas &Y pidordaisBmasil i nstructions, which operate

[0150] Figure 30 illustrates a portion of a memory array 2710 comprising a

plurality of wordlines 2000. The wordline 2000 at least partially surrounds the column of
U-shaped transistor protrusions 2406. The contact trench 1306 along columns of the U-
shaped transistor protrusions 2406 in the device 100 provides room for a wordline
contact from above.
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as described herein. In other enbodinents, the
processors can conprise controller circuitry,

WER@6MO3EOT Ccircuitry, processors, general pur pREBUS2005/030677
single-chip or multi-chip mcroprocessors, digital

si gr@i51pr oqRgHerss, iRraeddedtia: éﬁw@@dlm‘eﬁﬁﬁﬂhé ,pornon of the memory
m crocontrollers and the |ike. [0146

In
amayB6H HBRIPYNg Hewadhiees 2040 &anwoahﬁ Warglngs Q400 sp placed at

thecalt&h@ttr@yerﬂdzlca tﬂé olURMCORRARILFEDan ahiglefbddmetthéite wordlines
odi nent s, 710 and t he ctronic

209‘? P@ﬁﬁtﬁeweﬂﬁrzh'a*ﬂ% mfﬁ@é&?@@ﬁﬁmﬁ@g@?m@w ARy ﬁ] rnor e,

one[@fs2pr di Mgiirgs SkIF5l illbgiratd1gnoitidr éMHoUIrﬁé?ﬁQﬁﬁlpbﬁldm@Ta memory
the_nenory array 2710 can be |g{p}@%1$nented i_n

AR 7 0 OB eSSt The RIRICEy @ |0 uRg comprises a

pluFAIBH Of t#8e-sidet SFdrisests t3Pe2 Meradhy travidisyr 8700 cbiptises two silicon
i ses a plurali cells 20. These

p'"ﬁ@%% fxmed %§93%ﬁoédo¢b@aﬁ.\%'ﬁﬁrqﬁa€st @o?@HP@ €1 Aon TRRgfirst or

shél@w\ﬁtr&lch 87@19 mw@%rumlléewd\ea n&%ccﬁtﬁéﬁm&g rrgweﬂwcedef as silicon
t.o 1denti

2 roce t he es na s 2 t he
IS ) I8 2ot wiR gespettip Piayds 16-18.
The [MysyrmSBe(fbﬂé fbhﬁlng|tl|1é1§bfe3d|@gctﬁ@ﬂg®2 dh@depditiray fhe gate layer
| Nes an

19f Guihea oGS trenFdBO0; 63 JBFAFR FIB0 19} Aetdsatie e etch

rerﬁé\retsltﬁv@nmfdet@@e F@[IF-H y4)afdname?smu&ufr@mmmboby t he deVI ce
100. I n.an enb illars 1802 o

of
ver 19841 rAJF%ﬂE? é?'eé‘BYﬁw@'éri@ ?tﬁh ée’gP\fﬁst e 'ﬂ@'d‘érfmm SR8 Shaliow
treRér Bomeand Ytk diBlkciindidobes edrhirt, and thar gat8 1R/epf1o048s deposited in

transi stor connects to . a meqor ge, dev
the egrdiing frenchs! 80P s Busiriedin égqféﬁgm ps,gate(% ’P‘B‘i”ﬁl 1a9]08 also forms
in m@rslhbﬂtﬂ/v @Enéh WITDFNrtlﬂé?Vthéegaté 14g6r 504 EQls it&d irfthe shallow

n an he nenor stQ I.ce
eBRLE00.| By Ao MAIDY (5B RGO PTRIGS TATERe Wi rench 1600,
thet depobitiem sf tﬁb%(atd lBySrgnAdilP tHegshanove t?érﬁ@p&002912 The

wor d| | ne 2000 is Indicat ed by the daque(ﬂ lIh@es 2414

24160155b1491he sPacer \&iFle AT BRI ARYY et BeFjgure 20,

reo%%ge% the QRS l@émmm aPRthé ERARWSTEHCh B0t bSHEEY not remove
t he cont act 29 and the nenory storage device

thez@?f@‘ayﬁhbe%@”lﬁ ?hqnﬁ\@t@giﬁso%ccupy a 4F2 space in the

156R I aBhe2frbessVBShtRubs a8 dé%@rnlﬁ@dﬂn”plﬁuférsl N—Q@ €The device
fea ure defined by the photoresjst nasks

In
109 fseregxigiged ﬁ@%ﬁpaqqr%%i%@r@dowww@ht*mcowH@twe fayer 2200 is

forfiRAGPIEre/E,; ankiiié deliBd Y06 id flandriz&d tegjures of the
orp ogolperselészz?;ar‘ms e0|15 0] I|mureIZSOa:??tI”ust?at es a

por 191841 of %efﬁ%'ﬁ‘ﬁrgf’ SIQUEy @71@9 c¥eralings 3360 alopned apy e above
pr&%s%éﬂés@%da%apga%o}%ﬂl%d &ﬁea%‘? 32bo.| e®stiransistors 3202 are

partially surround he "col unh of 'U-shaped transistor

suppWided b Hyee s wh@ecleﬁ@%ro%hawfé@éw @3@633@%ﬁ@rmmg the three-

side@lsUiBnddatd RendistBapsshot ransi stor protrusions 2406 in
t

he device 100 provides roomfor a wordline
[0158] Figure 33 illustrates a cross-section of the U-shaped transistor 3202

as viewed from the plane formed by line A-A of Figure 32. The device 100 comprises
the pair of silicon pillars 1802, the oxide-filled deep trench 1200, the shallow trench 800,
and the substrate 110. The shallow trench 800 comprises the dielectric layer 1902, and
is filled with the gate layer 3200. The sections of the gate layer 3200 that are parallel to
the plane of view are indicated by dashed lines. Pairs of pillars 1802 form the transistors
3202. Each pillar 1802 in the pair of pillars 1802 is separated from the other pillar 1802
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contact from above.t j [0151] Figure 3 1 illustrates
anot her enbodi nent of the portion of the nenory array
wQ@7Zde/0esTpt oyi ng t he wordl i nes 2000. Cont acts fBCT/UR®05/030677
wor dl i nes 2000 are placed at the alternating ends of
in e paiplof pilarsof 802 ay]mapmyshcohmuédn ishalenbtrencedd). HEaeh transistor

s i sdparaied oy el HahSioRt 8204 by BebiE fife G848 &h 1200
il L{Si5qt8 &ﬂtﬁehﬁﬁst@lﬁéﬂbdmglemtne@f @gbmﬂpllmrs aB02 heeropy doped
2710. ¢ risin r .nes
soBieptaic, Ao B AR THReRnos e p fe Wkar, pf nb TaRsdgR 5282 further
Coh’fpalﬁé$ ah @ Eo@éﬁ)l%gldﬁatb:ht éx‘témiSl fﬁmﬁh&ﬁﬂﬂomﬂmiw&ﬁ dnﬁ(plllar 1802

to dhe sicions! bty Qothe. AR Bila FP0S: Top Srraronzey i diicated by

d=8Ré&d lidkewever, is filled with a nltrlde contal ni ng

S nnitri The ine trenc
To0d0n&; or REtr 3 dlusEBR dptcrractdn or 15 Sy 4 B0 as
wel@dlﬁom[tﬁéiﬁneaefrﬁé@ b anening B-B&f Fajuee del Fed Memolﬁaf:’ray 2710
and, de Slt P% Iigﬁ %ela er. 1904 i n the vvogelijne th
coREiREs SHerPilats 17 dhe A6 P tRri2re §ePgales) it apg another
bynitiie | chdestilizl rtmmo\tmcrh hesou.t r rrde (smam Il;‘pnm e180P) dre opneferably
the.s re 015 t he ct i
anpleTaah e A B A Wie, a1 fefasaby A 5 Bl A wide. The
mémewcé“rre&ﬂ@ 10t fathgradaenstiseb eh)é giata dl@l@@tncsgf)zrmdvoralmé 3200, and
t he 904 .i,5.deposited in the wordline
?P%’P’Fgﬁ ?}ff}{)pg'g]l?wggﬁqat ed in Figure 19. The gate
di elfeté1i chE@i]Be aBlstsf[rGfdﬁBaldﬂosIsl%elcﬁmgf e tnfiepnerh a&&@/ 2710 as
Further, t e er. al s eposi t
victed Ve o Dch Toteed BE ing 208 i Qe o afovt oy fGnaucive
strﬁ@biﬁgWQYert ﬁmalnzohmnemedl ;rhlsl Yiew ﬁﬂlhstrb&&othet (pert(iﬁﬁ)og%lyslmm-fllled
of the ga er 1904 fills w tren
snalpbendh E00, RED A orunghat I B oed 836 Ve a200. The
boittbimu 350G be the ehﬁlogutren&%om elefinee thel hﬂ/egaetggelcﬁmae “hiHd of the
ited in the trench 800, t doe . .
aq Rt aoB ok 08, R RoL 2y B Sert Reggtivon pilars
18021561 dilnpilizee9$80Z ard sepsesicd Srotesns eg@tden by fegomidesfilled third
21- 23, The, device 100 .i S, reoxidi and spacers 2
WS PP ol BREETLESD ifc PRETE A BB sPRr S8 0o fhe tadder-
shhpadrgdte(1Bya82002 2he raactotyharrale®7 Wefultiér tampisanainé ga@d dielectric
i gqu 0157 Referrl to Figure 32, the
19&5%?4{58 éﬁﬁlt'Y%F eﬁg&)ve process defines a
| adde1623hapimtioablpgy Iolf crmmngemte)nl ayee Gé’étOin ﬂ'lhﬁerous appllcatlons
ans s, 3202 are surrounded on thre
For AP s fisolETian Son spartieshir i oy Fat et o0t capgpitor 472
DI@I&Mr@\uﬂd I%ﬁlcuraa@mbbﬂmawtéﬂﬂf thbﬂﬂ(ﬁ’Bl:?ql’FbQéﬁbﬁSlB&ed to comprise
[ a.cr ction e U-shaped transistor,
vetisgbDRAR S PRREH TRE P aEr PG Ree i o AABgR elice to 2
subsigate eardPanoling tdamisﬁﬁ pllAP coERts the igit line to the substrate. The self-
aligned lateral transistor channel region connects vertical source/drain region pillars to
one another. The cell can have low digit capacitance and low wordline resistance,
Because the U-shaped transistor protrusions 2406 comprises two U-shaped surfaces
that share a common source, drain, and gate, the cell can have redundancy against
vertical axis problems.
[0163] While certain embodiments of the inventions have been described,

these embodiments have been presented by way of example only, and are not intended
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the pair of silicon pillars 1802, the oxide-filled
deep trench 1200, the shallow trench 800, and the
waumsiesare 110. The shal |l ow trench 800 conpri SEGT/UR®05/030677
dielectric layer 1902, and is filled with the gate
to limitehe 828He of The irseatioransingéed, lite galed nMatyis a3i08)stenad described

are parallel to the plane of view are indicated b .
e R b pabodlsd; s SRR (of ST T8 (yfRRTTiES. variots ormissions,
sub$tlﬂu|r‘t$dn§ta?l‘j g:hég"@a%-in Brciorm igf {fharméiﬁgd’s émﬁhéyfseerplsli?ésoﬁgg% r21_erein may

pillar IS separated.fr the other pillar n .
oefhraig o depritng TOm Be iy 4 Hes BEpgiare: e 3RPmEanAng claims
ang htait @guivalenshar8 Qftendat o tovansush dorn3262 modifisafrmsadsedould fall

.%rqﬁ1anothenjtt%g§”$tor 202 by the oxide-filled deep
wi B FCQRd IS99 RVEWES | | Ust rat ed enbodi nent,

each of pillars 1802 has a p+ doped source/drain

region in an uppernost portion of the pillar. The

transi stor 3202 further conprises an n- doped region

that extends fromthe p+ doped region of one pillar

1802 to the p+ doped region of the other pillar 1802.

The wordline 3200 is indicated by dashed |ines. [0160]

Figure 34 illustrates a cross-section of the nenory

array 2710 as viewed fromthe plane fornmed by the line

B-B of Figure 32. The nenory array 2710 conpri ses

silicon pillars 1802. The silicon pillars 1802 are

separated from one another by the oxide-filled third
trench 1800. The silicon pillars 1802 are preferably
approximately 410 A to 510 A wide, and nore preferably

440 A to 480 A wide. The nenory array 2710 further

conprises the gate dielectric 1902, the wordline 3200,

and the conductive strapping |ayer 2200. [0161] Figure

35 illustrates a cross-section of the nenory array

2710 as viewed fromthe plane fornmed by line C C of

Figure 32, shown wi thout the conductive strapping

| ayer for convenience. This viewillustrates the

(partially) polysilicon-filled shallow trench 800,

which forms a "rung" of the | adder-shaped gate | ayer

3200. The bottom 3500 of the shallow trench 800

defines the | ower edge of the "rung" of the

| adder - shaped gate | ayer 3200. The nenory array 2710

conprises the silicon pillars 1802. The silicon

pillars 1802 are separated from one another by the

oxide-filled third trench 1800. The oxide-filled third

trench 1800 conprises the "sides" of the | addershaped
gate | ayer 3200. The nenory array 2710 further

conprises the gate dielectric 1902, and the conductive

strapping | ayer 2200. [0162] Met hodol ogy of the

i nvention can be used in nunerous applications. For

exanpl e, the invention can be utilized for form ng one

transi stor, one-capacitor 4F2 DRAMcells. In

particul ar enmbodi nents, the invention can be

considered to conprise vertical DRAM cell technol ogy.

One transistor pillar connects the cell storage device

to a substrate, and another transistor pillar connects

the digit line to the substrate. The selfaligned
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| ateral transistor channel region connects vertical
source/drain region pillars to one another. The cell
wa@ameloz87e7 | ow di git capacitance and | ow wor dl i PET/US2005/030677
resi stance, Because the U shaped transistor
| GMagiar usi ons 2406 conprises two U shaped surfaces that

Lt
havelr odndRIe HdbrupS vorrisdp i iRt g method

co\vmjnlsﬁ certain enmbodi nrents of the inventions have been

agicglf 7SRNG Fo5CORMGER SO 4 FE B HED o PR giler pai
SCOmeétché@ regives isuoosndig tree ti-sHabed rutiiceh piedrhtts varedein the

ystens described here n a variet
of *GHlRen ATBE R YRR ATBr 1o 8P dgect aldfons.
sugst it utﬂoﬂﬁmgaﬁdstcdwr@@ammeglhmwfthemrsnfplllhhe met hods
and syst

d
Gaoar 1 nol PR Tasota s bichro B Saghnd BRRE and
ac c on‘panyﬂoﬁgmglaagate linanth dtheist a @qctlomajf ¢ stclae&regmmn\dbeirein the
to co

fall . '
i At g BE BapePalil¥ B sl B Fant REbers hstpi e s
1. Asoueddidrdinf mguoﬁpﬂwmsegomj $awecesdrainoiegions ardhat lndstgr @drtieh of the
circuit |rng etching a

sem %%%B%%F’&'P asﬂﬁg?P%qot@qsbS% orma U-shaped silicon
pi |l lar pdihe meth\oébttﬂaﬁnﬂe‘grthms:ompnsmgmmnmgg akﬂ&alectnc layer on the

éﬁaqeg] sn@cg%l pln %ﬁ%}] \'g/igllglﬁrat %si rﬁ PPgﬁehgtgﬁ s% 6%@1 wherein the

digedthiakyeif aftrlmsmgaalaﬂy smowds;thee‘!rstramdrsecergj pilarsn t he

the Sevortitmet o et 3ER GPLEEo oMo HeR i3y on the
gade tumand)perﬁfrnﬁdgea sdlcdipded egilerWM| the tiedaldmtee | i ne
at lz? ast '@ﬁer% ﬁ’\lo fs(H% %ow?%e? I@Smlp dglﬁéj fiﬁiﬁ@gaﬁi%a%??wgrﬁon of the

pilladrs, erern t I'rst source
etdmddeghoemmmm«cm-mmaa@n@matamd at | east a portion of

the @at © A @%gn F?o Sahs%?ﬁgondﬁgtw Hé\% &E 'rtri]n%rd)eg%% comprising:

met hod of er-conp
di el ectri etchiagea fiost séieofUrSMpedosalflrsiodemhl ihtr apggmiconductor

' | east a portion of the etched region,
vvheréedlgﬁﬁ%tﬁé dielectric |ayer at |east partially

sur r oundseichiegf iar secemd %@coﬁwdremichdaarb a3.setord negpodinto the

?L Qe% Qarfduc{ér tsn tra?é) Werécih ﬂ% F rg{ :{th%g rgn %% s+&¥§ﬁia%ﬁparallel
e gate ne and perfor sallcide

pr octesthecsecohe smatofiltrehdm and, wﬁ'dﬁelnntberfmsi gt «l ténohes and the
L?Eth%gg & Os'iggadfs’fr‘%]ﬂ:hrejsle‘ré nagteﬂiaéér% }ﬁ)%f:%dgﬁ%ﬁ 09@ %ﬁot@g \Klthln the
nmet maﬂnltmdubmraubﬁ;rae sem conduct or devi ce, the nmet hod

conpr i .S' n@t’chﬂécﬂtrﬁ% %etfc%frtrc‘etncﬁ% %oog thirr(? %Bﬁsin{ooth% gérﬁi%nductor
depthlntoa em conduct or substr at e;
substrate, wherein the third set of trenches is substantially orthogonal to the first
set of trenches and to the second set of frenches;
wherein the first, second, and third sets of trenches define an array of
vertically extending pillars, wherein the array of vertically extending pillars
comprises vertical source/drain regions; and
forming a gate line within at least a portion of the third set of trenches,

wherein the gate line and the vertical source/drain regions form a plurality of
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etching a second set of trenches to a second depth
into the sem conductor substrate, wherein the first

W@ ei0602877T enches is substantially parallel to PeEUS2005/030677
second set of trenches, and wherein the first set of

t r enehsistopth tWificts peps &f SRé dlirdefdRsia egiods eare connected to one

altern teh%{ spaced from one another within the

semaé‘Sﬁ\?U %dig%%'ﬁl%{?'é?haé'f‘%'hi ng a third set of

t remmches The raethbd 1ol Glaipt B wWhakdn tiie thie ndepan ¢l gicater than the first
erein hird set of trenches is

sybstrate e
degﬁﬁpdﬁﬁtﬁﬁme&%ﬁﬂﬁégﬁ@ “to the first set of trenches
and 7t o t Maeseethod of Slaidf5 furthec beaprisMiefiltngnat ast @ mettion of the

. §eco nd third sets of.trenches define an array of
g P PP LA PREC PR B TR RE oi n t he array of
ver t8. cal MheensirodionGlgninl 3 &urthec oorpprisresfiliey bt abt a portion of the
. Sou /drain regions: .and formng a gate line within
f'rsjtse{?jg@elm@esp"(’ﬂ'h$8ﬂn%4°t'i’%8atteﬁrﬂ%p' et of trenches,
wherei n tThe rgethed lof Miniang further vemprisied filingi et &adr aiportion of the
regj ons.forma urali oftransistors in which pairs
s L oL blhehes a4 Bl e ARl ed 1o one
anotfoer fTheonghod of CiaiaiSwbereinhthameate ling. cofiyariser bhgaie @lectrode
Gaimb5 rein the third depth is greater than the
Iayfelirpgq a&é%%ﬁch%{r'l ess than the second depth. 7. The
met Hdd ofThé€l metmo8 dfuClaine r Ocwimereinstha gnétallit ilayper aomiigss a metal
Siligidgorti on of the first set of trenches with an
XI'de-containing material. 8. The nethod of Claim5
furtieer dbepmethary ofi Claimgb avhdreiaseach gansistor odmptiges a first

irst_.se S_ W onduct j:ve t [ :
<ol B ol SEFAEIECHPEbed B UL I aBRLE AL Llycerri
re@ieaebc’aicpl@rc_tdnpectecﬂ ta amma@rwdwfcet renches w t h an
\%' d1%'. cortal rﬂét?gd '@ﬁéihaé wh%t%in {F]Igzefir&esté%(ﬁq‘ trghchds®hi the second
erern the gate I'rne conprrses a gate el ectrode |ayer
sehofdresches alel dtchddayrier fo aithingitfe thisd Reldf dfenches. m 10

whergi n t jc | i icl de.

e e el G 4ihaRBTRi D ohe fndiddLofblish

conpr i sesapphing ot device cwsHriai o seagopdueiPesubsted Ity form a first
cont %F‘rﬁoft eﬁ1aﬂh€'ﬁFst lih e s RS SRME SAHEERIULR Rbstrate;
regiron electrically connected t0 a menory st orage

devi ce. 1BoceRsingniehsstniedndariel sulsstigte ke faim: adirgtigadtof trenches,

set Lih 8RS 'ﬁfsg sgpgmr%gcht%gga?g I@g& Vit gh%rgfé?ﬁé%@;@m{ jubstrate

etchec?rprl or _ . set of trenc
A nevithbdatfleastagraniiongofdhereraardgfiaed by/thetflist agaeshod

gagg 'r g't ﬁp{lﬁ%‘é% ﬁkggﬁ}! g’t?ééik‘%@ tHEPSEmibShdRicRF it dREE Rming the
first set of trenches, wherein the periphery mask protects a periphery adjacent
an array region;
processing the semiconductor substrate to form a second set of trenches
substantially parallel to the first set of trenches, wherein the second set of
trenches are formed within the semiconductor substrate within at least a portion
of the array region;
applying a wordline mask to the semiconductor device to form a second
pattern of alternating second lines and second gaps on the semiconductor
substrate after forming the second set of trenches, wherein the second lines and

second gaps intersect with paths of the first lines and first gaps; and
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pattern of alternating first lines and first gaps on

the sem conduct or substrate; processing the
wa@esoeoesTduct or substrate to forma first set oPCT/US2005/030677

trenches, wherein the first set of trenches are forned

Wi t hi n t heros&ysingothd wehiidonguttsit sa@istrat thformad tHirelasst ot trenches,
portion of t

e area_defined by the fjrs aps;
Do e e, irdcHeE B RRES e fortreBoninid g e donglupiog substrate
af t _amtrﬁrombagkd p&rtin obthesréa défir}qddedwmgSBCngaisﬂ ahdh@ot formed
peri.pher rofects a periphery adjacent an array
r egi'gﬁ?e %P@M%‘BF‘?WB sem conduct or substrate to form
?l_ semnd 'I?n%]E mefhoti r(ﬁ rﬂ:lhiﬁsv\dlslfbn_sﬁérncr]dn&ﬂrisjngpf@rrainbeér} epitdxee silicon
irst set o renche erein the second set o
layer g &*Pr%%efa'f:%“%f%ub?iﬁ‘% Pﬁorte[ﬂ raiyhng irb%@ﬁgmﬁek' substrat e
wi t hien atTHeeméthlqa ¢f0@lbingﬂ40ﬁ1ﬂhélec@npraﬁjmgg fgindny, an array of pillars
.ap i ng .a rdlin sk to the sem canduet.or _device
wiffP g Skl e % b & e FboRET S a4 deilBea by e
seaot reeond gaps on the sem conductor substrate after
form.ng the second t t.renches... wherein_the.secaond .
| el and TeTSHR0 gLEEM BareldE Ui piets Somefes e S8 orarain

refionst |ines and first gaps; andprocessing the

Crertihes.  BrBg of KBty Geredi BeraRTh &ests st east

a pertitn of thb éhisleswt obinehobesr substrate within at |east a

portjpon the area defined,b n [ }
not 1‘98r rrg'fcyei W‘?tﬁ%oep?fo?i%'{%eg8pé’P%%ﬁ1e§p§a?rglgf q’?%is rr@ og shaped
trambistdrs,iwhetdin feach hiddar ioding pais oigjlldre isnsapgraied bpphakeath of the first

i . : b ‘
<ol FRab T Deh e BRIt Moh Ay B D Macent -
shbped tramsistomipyr orsd trencharf thengpcand aetradyreohgsi [ | ars wi t hin
h ' d b it i | . L. ,
e B U BYDSRRLR WRALP, ol e PEFRHER o o
sonesefrdinaégi@h andre 56caruesairce/drbia rpgibh at thedopspofi the pair of pillars.

verté'f:al ﬁ%%%éggf\?%ir{]%rgirfngﬁgerggg]gp%mﬁ nmet hod of Claim

14 fUrther conpri s ne in at | east
a porti oneleftrically cohneating atdigif linerte tiehiérst solgee/draim negiohpahd

of d _ai m &Igcty}@v\ﬁlgeicgm‘?@c!tiﬁﬁ gf n‘?érlul.)r?r %%c{[l’%éem &é\ﬁé@apcgd the second
transi stors, rern each pillar tn pai r of
pi | | snusca/draimegpaioat ed by one trench of the first set of

trenghes,—an r gi e i = :
Conees TSNS 0opT0 BT RERTY LY sl parisr
surmoenddt by thehgats doo indthe dtenolfiest ofdthe fthirsl se2 ©f tréhehesmrheither side of

thé)fcolgnﬂif njrgv\)M?(ﬂfng.i n each transistor conprises a first
source/ drarn regiron and a second source/drain region

at t2& t ofe ofethdie opaCleinof2ipihierais.the memory storage device is a
capacitor.
24, A method for forming a plurality of U-shaped ftransistors in a
semiconductor structure, the method comprising:
separating first and second pillars of each U-shaped transistor by a
plurality of first trenches; and
separating each U-shaped transistor from an adjacent U-shaped
transistor by a plurality of second irenches that extend deeper into a
semiconductor substrate than the first trenches.
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2 1. The nethod of Caim20 further conprising:
electrically connecting a digit line to the first
W@ omsoe87dr ai n regi on; and el ectrically connectPEmUS2005/030677
menory storage device to the second source/drain
regiam. Zhe rbthodef i@ fGHieermsohprisimgrfiing the dirst trencreds with a
sha ransi stors surrounded by the gate line

p tthe t%l\-é d.t
LSRG %rﬁaé's of the third set of trenches on either
si deéof tThe methodroff Clkinn 25wartikdn cemprdthg filliey et beabnaf trenches
Claim2.1 rein.the nmenory storage device is a
W"gaap%ecﬁO{‘Sﬂr?S“%ﬁf‘gK‘ar‘%Hiod for formng a plurality of
U siaped Theamsthet asfSClaim a4 Sertharocwhrisory ormingt an epitaded silicon
met hod compri sing...s rat i first and second pillars
a5t of oo SRR sirRURA s Msenet gl ar i Uy of first
t r ezghes ; ThenohetredaofaClaing 2dafiinthek shapasing rsepaiating rcofunors of U-
an [ acent shap apsi r. by, a ralj .
shgg%(gﬁtar{si.séq{gh qa Wj&a@t&téﬁ él%%og etbeém}(,h?%%gta%ueﬁwg 8£eper into the
seffsundocidusibstrateubsh thetfesttttemohedie first trenches. 25.
The thod. of Cl.aimn further. conprising filling the
first-t r&clﬁgegr tQ@ Eﬂréﬁfﬁoﬁﬁ'glﬁésm ating material. 26.
The net hoa seficGhdiatorbbsteateher conprising filling the

second tr h | j [ rial )

oo TR HE AN oIS TR B sorfdonuctor
epi tsubsabtesite firehancyenond iU-siepesldransistats separatedr bica dirsg trench
pri

P et TR o 2o PR Bl Pt ans socons
t r arshiaped trangigtoes; phdiral ity of third trenches that

extend de ' ' . t .
e T BB Y S SRR S A DAL ShARD ranitr
conprarsithicd and $amihcdrstiapaedirassidistsy ahereid thessecand trench extends

sec

o e SRS PGS 2l SEfolbl Rl et ronen.

t r an3{. st orhe istegeated eiccuisyf &ldimnrad whareindhe seeanddsenehitsa wordline
treqlggper into the sem conductor substrate than the first

and second U shaped transistors; and a second trench

t hat3sepakhet iotegraied tireuiitof £Haims2¢ wherein tledjeidrench is filled with an

ox{oieg%i]:ta;{'i% ?}aft(\%\ﬁgrérlnr?h:ngezgﬁat ?r ;iﬂagigends into
t he 32 chredintegeated aibalitroftCiainrid whereinahée saeand: trenehtaemprises a
gafté fed tr ench.
33.  The integrated circuit of Claim 29 wherein the semiconductor substrate
comprises an epitaxial silicon layer.
34. A memory cell comprising:
a semiconductor substrate; and
a U-shaped transistor formed within the semiconductor substrate, the U-
shaped fransistor comprising a first pillar and a second pillar, wherein the first
and second pillars are separated by a trench that extends into the semiconductor
substrate;
a memory storage device, the memory storage device connected to the
first pillar; and
a digit line, the digit line connected to the second pillar.
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30. The integrated circuit of Claim29 wherein the

second trench is a wordline trench. 31. The integrated
wa@2oos02877Df Cl ai m 29 wherein the first trench PeT/USi0b®aB0677

with an oxi de-containing material. 32. The integrated

ci rddi t dheCmamor?ellhelr €ilaimt B¢ whbemind the efigih line is above the

co i Ses e line. 33. The integrated circuit of
sofRAREI S5 s Pshb

erern the sem conduct or substrate conprises
an @&pi t aXhal meimorc cell lohyGiaim 34.wheremntbeymemloly storage device is

risl.ng...a sem conductor substrate; and a U shaped
abg\?eg{ﬁgif@%t%?laf'or med within the sem conductor substrate,
t he 3@shapbd meraorgicstl of ClaomPé iwberein thefstorage gevitais eacapaaitor.

secogs DL S0 5Pl 3L P Sapp B ocssor i

comeninpaticluvit thesmbsoryaded; a nenory storage device, the

me y S [ girst pillar;
and 2 o qp S tef B GRINEEHirhet ComBenar®: o7 e
secagbtpilihé &orm@8. aldigeoprosingsidss| df the Ucihapad Sansibler,evherein the

[ Qi ' ' 1 .60 ctor substrate.
aalsgiot Sl bap B T O BN AN L ne nenor y
st oraagnsdigting ematerialb oviereinethe | insulatiid Insaterieg 7substaatially fills the
trel/BTOr Y cell of Caim36 wherein the storage device is
a Capacitor. 38. The nenory cell of Caim34 further

conpidi si Mpeangmoyest of Claim 86 further campdsingii t h t he
nme _ el | - ,
o b o IS SR S8 rdle O b Singron e
gatenlinelis sblgterdially perpesdionlar takfes eeneht Aed gate line is
sub dulidey gBRY ﬁ‘ﬁ(b‘f‘i\?\g%@eiﬁ Und RENGUENS WatcP R substantially
i nsul ati ng matqerla, erel n the 1nsulati"ng materlaTl
fills thiedreanh iaad leleciricallscarects wathdhe gaie inghe menory cel | of

G aigh 34 f WiBgte RIS orfbrghe |1 ne for med al ong

opposing sides o haped transistor, wherein the
gat e |i nea pliraibbeft ealtrmag piprotiugiensdivherein eaeh pragrusion includes a

tre&%hﬁge?&@reﬁn,%@%én\ﬁ . gate material, wherein the

conductive gate nmateri a substanti_allk]/ fills the
trench arfl phIraity of swrdlipe casne sepgraing Hihe Iseluguiselremmne another;

and
a plurality of gate lines formed within the wordline gaps, each gate line at
least partially surrounding one of the columns.

42.  The semiconductor structure of Claim 41 wherein each protrusion is
separated from an adjacent protrusion in one of the columns by a deep trench in a
semiconductor substrate supporting the plurality of protrusions.

43. The semiconductor structure of Claim 42 wherein each protrusion
comprises U-shaped construction with a first pillar and a second pillar, the first pillar is
separated from the second pillar by a shallow french and the first pillar is connected to
the second pillar by a channel base segment extending out of the semiconductor
substrate.

44.  The semiconductor device of Claim 43 wherein the first pillar comprises a

first source/drain region and the second pillar comprises a second source/drain region.
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4 1. A sem conductor structure conprising: a plurality
of columms of protrusions, wherein each protrusion
WO p@b028I37 a source, a drain, and a channel; a ptTUS1005/§30677
of wordline gaps separating the colums from one
anot4ger ; AarfedkropicWedicetcynpfisigggt € | i nes formed wi thin

LERCEN N S RO XNE AL R
st r yatfacecand aGetion 4)-dhapeer firface aahopposite” sigleoizonsected by end-
cor e ByaRabe r PhAERSond  Shaned Shasds aPE s by paratel

supiex Uighgpédheemplcondbdténstaktups chrmprisirans firsd Sourde&lrain region and
sem conductor _structure of Cl aim42 wherein each

pr o TSP Eh S B REHIAILEAY S haped construction with a
first pildfist dzednal foecaxhalopg thedirst U-Sieapedrssitfaga; | | ar i s

d f d.pill h
and 1 he. 115 fEREg Rleoe fe Reg R arl shieta
by a charengdte bias &acsggrdinU-shaped dinfageoidndof t he

' d . . . ' devi
of ' ai mi e seSh By dfeq SB-PET GBREHSARL. 07 T,
sourbe/ diTaemeviegiobBlaimdStftrthes compdsipd:l | ar conpri ses a

second saqu rai eql : [ EW] :
conpri Si nag&%g{o%( gg)s?d’eogée\ﬁ% é‘g%tﬂég&'y? gﬁﬁ%%%@ lﬂ%%h%r titst Source/drain
st r wegiam;endavi ng a first U shaped surface and a second

U sh d ] . ' ' . .
. S1aPe UL RIS :8) 55 SO oo
sur fddces Aamethed lo§ faamiriged mgmoay calllosmprising: U- shaped

sem condugh gl S .rs%ﬁ*iégﬂr'r]@ungtBWuio h;ﬂg B FrfSlat least one U-shaped

sour ce/ drai ngregl second source/drain region;

a f itessistohdanieh & dirstetl-silapag sufecd iandt a \seshiaghddrshaped surface,
sur o ) the U-
A e e P L
sur fshasast tranaister ¢graprisings 8| fst sourasidsaiprregigny asergnd source/drain

ad] ?ﬁ o, %Q.%ﬂ%'ﬁw@] Ivhefthh th-ghﬁrsfjgé(ﬁreg(d%fin QAR the second

further 'conpri g: a menory storage devlce

el espurice araiy regiemeretfeanadowithie thei segticasduetoesuhstiate;

region, afBﬁ’niﬁg? %’f%ttcﬂa'nﬂél WitRe el &t dﬁ&BPsﬁtgs?:%té %IotngEihe first
second sourcefdrain region. 4/. A nethod o orm ng
mend-ghapsdisugfeegir i si ng: et ching a sem conduct or

subst r at Mné Qr dBcBhd 'cfjéﬁﬂa g@ﬁm%é gaﬁﬁ%nenaersééﬂ:,ﬂ%% glong the

: §
havi ng a ?I rst U shaped surface and a second Us
sur Baeend U-shaped surface; and

forming the gate line facing each of the first and second channels.
48. The method of Claim 47 further comprising:
electrically connecting a memory storage device to the first source/drain
region; and
electrically connecting a digit line to the second source/drain region.
49. The U-shaped transistor of Claim 47 wherein the U-shaped transistor
comprises a portion of a DRAM.
50. A method of forming a semiconductor structure comprising:
etching a set of wordline trenches within a semiconductor substrate;
etching a set of deep trenches within a semiconductor substrate, the set
of deep trenches crossing and creating a grid with the set of wordline trenches,
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wherein the first and second U shaped surfaces are
substantially parallel, the Ushaped transistor

wa@eovp/2ETng a first source/drain region, a secpamUS2005/030677
source/drain region, and a gate |ine, wherein the
f i r stheseinrthe/ sht aif rwordiifieofreashdst drel #ecsetdofsdesc tredetaisndefine a
regign are _fornmed within the sem conductor substrate;
f or ity of preESiaRs it g s9mAcRAE R SRR or
subst r at elefihingg hémvilf idoped egibmpad s tightycdopetioregiongwithin each
second, channel within the sem conductor substrate
al orPgrOvHSéo%econd U shaped surface; and form ng the
gat e | i nelepasiiimpgataciatefal tntethiei ses bf wordlireeicentties; and

channel s._48. e of , Cl ai 7 furth .

compr s e eldind el Baiefiele e tel fboiqis ydaowals o

devithe ptairusioa. fi r st source/ drai n region; and

el ectricall et pait. line to eco

Chesl) SAelBRRREHCath S bel HRSE phiEodf S8y romea on
op@bsitensidévaik ef teprotngsidh. shaped transi stor conprises a

portipn a . f ] .

semécé;ndﬁﬁqeomasﬁ?ylﬁét%&)ar@%o Hﬂgrg?%éprfsg{g&t?ﬁiagg sshéatllov(\)/ftrench into
eaab mudtrusiort oefoorh esUsshapedpatresion comgisingra fabgitlaratesecond pillar,

t chi . < vithi )

anfl & e, SrefEin Y £RGRvh SEAGT RS b B f oBRILF R GHE 81 of deep
trepches.ing a grid with the set of wordline

tre es,-wher el o] lng tr e
set n‘%}h det% tnfééﬁ%otwg)g ?I%;nln née2 %ﬁq%'ba It )bg%\?gpggﬁsrlg ﬁg forms
sowraefdraint legiope it tren thpe tadrthe phiistsr andethedighily idoged régiety fdrns a U-

SriBRT ) B0t o1 o6 90PE i a8y L Btacl
wor d#4.ne Theenwittes); ohrdaigp &2ewheerhidaiining elogad eregions comprises
' ' . id |1 f
o Sl e e A 2l m 50 wher ei
t he Tfat e Abevicondistdrstroeiuse ¢apnprisihgon opposite

sidewal | s t ion. 52. The nmethod of Claim
50 furt he?g%rgkn%ﬁ?@%gsrug%%?’ng a shallow trench into

each pr ot asshapet driousiomsuraindpe dypr sefr efsworline trenches and a

cO npgét iég n&eﬁ fcréf-rLcﬁEs @t%rie@r in%oatl%eﬁémigorm Jgko? rsub?ﬁ’%e;‘ the U-shaped

base, erein the shallow trench iI's substantiall! _
par adrptsusiony comprisest aofirstigdlpr endre Isesonds gillaThihareinhibe first and

S AR BRaES SR8 el 3Rl 200 sh i ochos
t he éxteyrsligtodiopeemicendustorfsubsiate ang Wﬁp@im the first and second pillars
are connected by a ridge that extends above the surrounding trenches;
a first source/drain region formed at a top portion of the first pillar;
a second source/drain region formed at a top portion of the second pillar;
and
a gate structure formed in the set of wordline trenches;
wherein the ridge and the lower portions of the first and second pillars
define U-shaped channels on opposite sides of the U-shaped protrusion, wherein
the U-shaped channels face the gate structure formed in the set of wordline
trenches.
56.  The semiconductor structure of Claim 55 wherein the shallow trench is
filled with an insulating material to form two-sided U-shaped transistors.
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channel extending from|ower parts of the pillars and
across the base. 54. The nethod of C aim 52 wherein
wa@ledoc/0287g7 doped regi ons conprises dopi ng the PCT/US2005/030677
sem conductor substrate prior to etching. 55. A
sems7ondUdieosensitandatior etractofer osChagh 55 whéeetothadusitaliow trench is

Wi B e Cerask g e e Sy R et Chea

into the sem conductor substrate, the U shaped
protrusion conprises a first pillar and a second
pillar, wherein the first and second pillars are
separated by a shallow trench of a set of shallow
trenches that extends into the sem conductor substrate
and wherein the first and second pillars are connected
by a ridge that extends above the surroundi ng
trenches; a first source/drain region forned at a top
portion of the first pillar; a second source/drain
region formed at a top portion of the second pillar;
and a gate structure fornmed in the set of wordline
trenches; wherein the ridge and the | ower portions of
the first and second pillars define U shaped channel s
on opposite sides of the U shaped protrusion, wherein
the U-shaped channels face the gate structure forned
in the set of wordline trenches. 56. The sem conduct or
structure of Claimb55 wherein the shallow trench is
filled with an insulating material to formtwo-sided
U shaped transi stors.57. The sem conductor structure
of Claimb55 wherein the shallowtrench is filled with
a gate electrode material to formthree-sided U shaped
transi stors.
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