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Summary of the Invention

[0006] In one embodiment, the invention encompasses a method of farming
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 laftice.
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[0022] A [atice and array semiconductor structure constructed above the

 substrate is disclosed in U.S. Patent No. 7, 698 , 105 , by Werner Juengling,
titiled Methods for forming semiconductor structures, filed May 26, 2004.
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[0022] A lattice and array sem conductor structure
constructed above the substrate is disclosed in U.S.
Patent No. 7, 098,105 , by Werner Juengling, titled
weetdogas7f7or f orm ng sem conduct or st ruct ur espCTUE®O5/030677
May 26, 2004. -5 WD 2006/028777 PCTI US2005/ 030677

[ 0023] For purposes of summarizing the invention,

certain aspects, advantages and novel features of the

i nventi on have been described herein. It is to be
unde[@028pd tHoat purpbsaseads seminkyzirg) | ths udiveatibrantertpis aspects,

iev Y, [
aﬂﬁ%né%%ﬁgaﬁ\? ngf/g?%éet[]ﬁe%&)g Q{eqﬁvrb%ﬁ%ﬁ%\{e%e%ﬂ de%@rgt}r?td%lr@ﬁ Ii is to be
upderetobd dihas chot epcesartily ¢l syoh afygniagea ey De ﬁahtemmeapégrdance

§ auggtp'aﬁkélﬁrse;ﬂﬂ@dlﬁg?{ta&ttﬁ@ﬁvé?ﬁloﬂr THES, e inPEMRALAGSR &fivodied

_ erein W thout necessarily achieving other
Ok PRHIPH Qe SN o Mapeh dhat 3eligres Bf 0@&1@5%%9@@ Fpaipge or group of

BUdrdgebRsahibdht herinokitiduenddeasiryaichie0iBg ethoh ageditsdek as may be
ti“lﬁ!gpl tecture that inplenments the various features of

H9EHITDIERM | now be described with reference to
the drawi ngs. The draw ngs and the associ ated

descriptions are péngg[%,ql P& 6fttl1 uﬁ;a(:\fﬁ e enbodi nent s of
the invention and pe of the

[ nve[ﬁuzéh TFhgensggdloarchitdetirel rtlmmlmllgmeneftee evadieus frabheres of the

I t
PR S o AR B2 M s o
ap@cm@w@éptmne\ﬁ%pmme@ﬁm dstighemppdients @fitheoivdentipg @and not
t§I @it 6 dcBpabf b uﬂ@nﬁ’érf &m&%hbaﬁﬁé HI%MHQ% Feddteh@ hufdERdare re-

Views taken along, Iine show a first cross-section

Uged W@’%%%FQ’BQ‘F&B'HQ@F‘? BelyrerreipENGAd i@ ken al ong

|i ne[gdaby shewure SEGRREES %%eﬁﬁiébﬁ\@nvi@ﬁv bhein embodiment of a
sem conduct or devi.ce. éOOZ6 ure | | lustr

semiseaducir deyrain Whigh@n & fgqagﬂ orslcﬁg bg farmed. g}ﬁews taken along

iedrpoulsharint fipdt dhb"t% @emmmdu GhMlcofdictt leqite @nd tvivevs taken along
rocessing

B ti f
B tion s e Bt Satten of e SRMitpGaor RLEE ST 09 of
an etﬂmd] ne Fguod 2allqstrates anmeds- set:tnomewamdbkadafbng fireeA-A of an

e?q%?g{ijlg}% c%f tﬁé %\érﬁl&%@du‘cg)é g{;\g&:}r e? the[fgrgga%%n 05‘ gt{ﬁfﬁ(ieonde‘i, semlconductor

Ional virew ta
prechssifg layers.enbodi ment of the device of Figure 2 after

the Edtb ]?eg% a8 il %Egﬁgo o d\h@\ﬁ% th@&*rrteg{gfgﬁphoto mask

tran pattern t ayer
tﬁ@wwe@tq me@swc@dle@raéﬁobn Gigeresact i onal vi ew t aken

al on Gh f" e(;@ré)ﬁ t[ﬂf% rai%ggoc%é?é@bhmal LB tgﬁéﬁ QES;P]g?fine A-A\ of an

Flgu e rans erring tern into
emy@menh@fdhqr gextna ofdigure Zr@ﬁe'dm@hoto [rm;gcqf Figugru? Bagbeen applied

ahéi {raﬁﬁér?édecé p@tt&mﬁéhé@%dsmh%r view taken along line
enbodi nent of the device of Figure 5 after

depoEQO??bn 5iatee Blilsiraies eafess-soelighuier etk apngfine A-A of an

embodiment of the device of Figure 4 affer transferring the pattern info the oxide layer
and removing the hardmask.

[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.



[0031] Figure 7 illustrates a cross-sectional view

taken along line A-A of an enbodi nent of the device

of Figure 6 after a spacer etch. -6 WD 2006/ 028777
WeCDhdABRD0B5/ 030677 [0032] Figure 8 illustrat eeT/@s2005/030677

cross-sectional view taken along Iine A-A of an

enmbogiozent (Fﬁgdrehe misvatee aodrods-gHdtienal viafit tekert Sleng line A-A of an

f ti f th h .0033] . Fi
cgRpfifisolrfeceus e 2o dha orGREN & et Lo ny Rl
A- A (go3an  @iduoel Dritustraieh of dresscesetiorel vewRikrIT aloBy i A+A of an

eHb:oélig{égg%TgEe fgcia\{icze of gg.[ré) Ea*t@refn?]B s flr%rﬁs%gé ricgg e 10

n view o
phot §03dhsk F’ﬁgmré)éoaldusltrra@d 4 topt bien diewi oan Ielﬁlbsrﬁmmeaf arphoto

n@sﬁ% Se Q%c{n[a&’ 903@9 dE{nSé* llﬁi’u],ﬂed I’llF#EII'E{ gtes a

S-Sectiona Ine A-A of an
errboéntﬁéht driguren é1 dl@etmt@s @fcrcssgwt@n@! Vigv taken alebg dne A of an

ehibBdiipt %éi&e\p&eo&%@urgg Qﬂérereﬂﬂgvél gtté\@aﬁée a

cross-sectional view taken al ong 'l ne
enbofl03Bht &igursd2 dlaslrates arross-gestionalvieys taken ﬁh)@g line A-A of an

chipoBRHhO5 tRE déi@ &emgwlws&erqﬁe fohﬁétfdﬂeaﬁ the é&@ﬁ%et of trenches.

Figure 13 il | ustrates cross-sectional viewtak

al onfP®B7he Kigrefs éi'HSTé"I‘%%%ﬂ crAsAegionalidevy Ekpe alogs line A-A of an
efribainnier 88 dedts of Flbi[résﬂtzréiﬁ%‘isoﬂlh%ltr@fe% -56644-§5uibnal | m@w of the

phiatiiiac’ Sl Hihe Wi meaed SetPLimtencs Bl Cengar g O

ill ugtnﬁa]t es Fyued 04 suust&ﬁés @naiss%eawnﬁla}f@maabm apny iline A-A of an

Vi.ce gure 13 after
BioaiTierti e TRe e o pi sipansisy P tBE 7ot 2t es
a pef®pert i Figue ey idstefesealymtipaetive méwtdsfean cenbiodienenf of the
Ei. .14, .[[0040] Figure 16 illustrates a top plan
dsYEg%/Jv&gFf]&@W nbodi nent of a photo mask to be applied
to t [W4bkvi Caguré IGsiuskated a toprlgfmrvw ¥ am rethbbBimen® 08 2] photo

rrFalsWJ @f? &;%)Ilbtg o"ét% ]d@wgé inGst n%rtegﬁﬁ Fﬁ;t%f: r%!d 1§e\e/:/vctea(l§fen
Fi gu[Qil41]5 afFigare 1 héluptraiea mk—satttmﬁalgilﬂvetaken Blosg tive B-B of an
ﬁ]ﬁphlhl%ﬂt BPth@a&év%”of%@% s‘géffelf \;ﬂlaé;‘éﬁétgkﬁé%&g ghr%wf FhdSbeen

ustrates a cross-s
appigdde paffern ampsUnAdniaYesf the device of Figure 17 after

the fopuspt i efyupf 18 NEstded & cRRb- s@éﬂoﬁélW?&‘ken Qfoh& ‘ﬁﬁ@ Ba& of an

to the first "and second set of trenches. &!’W‘ gure
embodimepi of he slgvige ©of Figsres &¢ eftemie fomajion QR "5‘!"6 ﬁ@t ‘Pf“ tpgiches
: oﬁh&’gdﬁﬁl t@ﬂwefﬁ@@ﬂ's@@éﬂd $h of tencHgyi ce of Figure 18 after

the formati oan of the ?ﬂate dielectric and

el ectll4dk | Kipsye 19 fpaitesn Glose-segsions!) iRy fagfeiégiogg line B-B of an

efbB8iAreRESTth® BaliceVdfeugura 8 artal thd trinkfith &-tRe ghte@ilectric and gate
e%:n'go iment of the device of Figure 19 after a spacer

¢ Q¥R r ecessi ng the gate electrode |ayer and the
di el poma) c IF@Lﬁ 20 [IlOQl#e’&és Elcgms-eeéhbnalldamtakaﬁ e&mg line B-B of an

eg”lrbg lmente Cit ngew gf%iguree{b a}teornaq spacer e%ch and recessmg 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 gate electrode and gaie
dielectric layers.



enbodi nent of the device of Figure 20 after

reoxi di zing the device to formthe bird s beaks and

form ng insulating spacers on top of the recessed gate

v ewsozsdey and gate dielectric |ayers. -7 V\i)PcrfuszoOa/030677
2006/ 028777 PCT/ US2005/ 030677 [0046] Figure 22

i1 udot4s] es Rigwe @2dlluskeatbs amai;smaewm?ﬁem taidema@nblhn@B B-of an

e.devi ce of Fi re21

FeReRior? ot BERUTRP Pl LR PR iyl 'SP Infbbiiming o
éiafiglwdl%jw@@tm proegsdat i on process. [0047] Figure 23

. N | UgbdaH] S Rgkb %%m@ﬁ&gé g%ﬂ%s %E&Yxnggbsgtﬁégﬁ%ggmn(g BB of an

ment o ev ce
elmhomnﬂ@t tHethe rdavige st Figpret 22 idtee dilling dthe pihmh et of ﬁ@ncha@ and

prHalARE thel PE&. F| gure 24 illustrates a schematic top
pl an vi ew of an odi rent of the device of Figure

23. [OH8d) Mige 842@5W%§tﬁcﬁfﬁ@gﬂ%tq@em@wew.q?@ﬂ\ﬁrréwdmem of

thégé\ﬁtj@&ﬁpﬁ@’@g@& ons of the transistors and trenches
shown wi thout filler materi

of Fi al
for ;S‘ﬂi“ai ﬁ-f’ gL %ﬁ %'Pﬁfaf?%% PePeqiEREEY of; gﬁhaeedzemtws'ons of the
tiahbisidty #ldoiPenghey FF8gBEC3 ampb4, \shewh Qith&n fiksriyasdbme fir pfposes
0?1 tBE’rsﬁ[haped transi stor, show ng n+ source and drain

é? @ a p- channel, and the relative |ocation of
t he fease] el efttgur@ae [llUBﬁ]&i}i chosgieetiondl view af s bebadiment of a U-

[ i,on between a ,
<floB BRI, Sl FORITHEL 551 Wl REIRE G5 shamnel, e th relative
idogflm@ﬁthelabetﬁcugtieam of a rrermry array contai ni ng
mul t 'cﬂisﬁl V\q{,é{jrég eflafd bia rlaﬂfa%)lcltlggégllnmﬁh%o% tefveen a
illustrates a sc IC Cross- ort I on
nacron@mspramamen{ouom}cen gure 30 is a schematl c top

| an of

o 0y ST oaid s APy WY okl U5kiah o
“@Fﬁi’ﬁﬁﬁ%@'glt“'{e@OSS] Figure 31 is a schematic top plan

vi ew 01f53 dédr@@goﬁluﬁra‘f@%'@rych@ﬁ{aﬁd’ crédsl slééﬁcfnabf 'égportlon of a
anot er enbo ment of a wordline for use wt
MEYEAT@E enbodi nents. [0056] Figure 32 is a

schefousar t FRyuRd 80Visf scﬁeﬁ@ f‘ & to@rblé?'f viéw BPABbioR bf §‘Ynemory array
illust ratln%panother of a wordline. [0057]

'"#?t&hne S A R e M REgferjadambadipats.
al ongpossne Aighrd$1 isk ﬁﬁéﬁaﬁ?top‘iﬂarﬁwé\h bﬁépﬁﬂttgﬁgf a memory array

to
15 GRE0 BierArmPON Pest ol & Ereliap Ik 4o¢ 1B I heclered pmpegigens.
32. [cmesp] Figuisr 823 &l schemali® %5 BRALIFAN Pbriivh @Wal ARPBry array

lllustra%ﬂg anotﬁer en%o%flm&t %1“ a word% he.

[0057] Figure 33 iljustrates a cross-sectional view, taken along line A-A of

O_

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 33 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.



showi ng an inverted U shaped gate |ayer for a
three-sided transistor. 8 WO 2006/ 028777

PCT/ US2005/ 030677 Detail ed Description of the

WO mvenasery Enbodi ments [0060] A device is di seCDESmOI/aB0677
use in a sem conduct or structure such as a rrerrory
array, aited Descripinmf & gl ey

StruGhagd [ RQBHbe i crréero%e& orus@ u‘?%o%ﬂﬁc%tn m%&o?’étr%‘%u?é s@h as a
i n-process sem conductor devic

memawiasiayra waidling afrgnsistar. of ﬁnyafrth@rrﬂbrudrurmnt t he device
100 qpaeri Sesigdre 1ﬁ§raqrevs@r:r\%yweﬂ Bfear% rG@es;%ercBﬁJm&iﬁ%ewce

a sem conduct or substrate nprise any

B0 i whiche tERsistar gare @uv%bln@nm@drrmré therﬁewce 100 comprises a

HETbGOAFHICt Phe FNISd MGG ticlidBs an@émrbmhuaﬁsaﬁ%@om%@dh may
er s, t hat _have

structures, an or o rl
JoqIprEe 2p%gf aé“i’{{fy‘&'}ﬁiy S‘a\'f'ﬂ?’ SBpEgaS; IThE&?mﬂﬂoﬁf“F%‘?rrﬁ“Pﬁéﬂte 110
rhay (nofude rdeynicohedctomsttustirey tind/Whother tdyers that uave at@ fabricated

BEG DS Prcl SE, et el J TR oo 8 S Ui e
Ilbrstfatﬁaarsyerrmnﬁtuctwrﬁumt@tear 10 edrhprises de irgtirsivalit deped rimmocrystalline
sﬁﬁgﬁ Gy Eé of SR @{;rﬁ3 it R &R gﬁl ﬁ&erﬁ%ﬁ@%?%%&&ﬂimucmr

npri se othnher fornms” of semcon ayers
ﬁUIa%trai%lé1@rm@thera%tarngrém@rrts 6pe capprsepBhe! fgrr@s @fsemiconductor layers

vAHIH IRONERIGhEY acdRY iR rabledRfidns o séficORiucRR 8bvices.
enbodi nent, an epitaxial layer 104 is _grown on the

subst90A2 110. anr%foeﬁlqra@adarerrfa%rep!t@aa lgyes 104 is grown on the
sasmar@nqiucrﬁé e%r&)(@rla{r& 108 is a%éﬂnic@ﬁcﬂﬁct&ﬂ@)é’ﬂ (é)@ sHiBén) grown on

B R Al 10 s L emAXS e ot M e 6 ot ML,

I ph tenbiodimené tiee effli@diahiager a0t hias larthisnass efetarabll withintthe Fange of

f 2
0% 4 A0, et A bncte PeRicsaod ARt s, AP ut i 1g about 5
anm il ﬂnetdaee tree ¢het épitexiaheyespii0ddx igedwrl @yﬁre sLbgtrats 140 puior to the
r@hﬁgé% Q%&{ﬁﬁé@ bé‘l f%' r%)gc;a(%i IL{/EE 1 eorﬁt% c%f@g%red part of the
S@’@)‘ﬁﬁt%l i@ dAp it b%ﬂncterﬁoodslubwr ait fée ﬁpecnrmsn i Figuree26 below, the

Eraéi@err %@9%4 Baﬁ/b@%é{frly Héseod\ﬁﬁrélceﬁcrlmw@fty@ &?Ho@rtezﬁb that of the

el ow, Itaxial |layer 104 can heavi
bpkgRoupd c%‘rR?HE i 4aPing ToypREve gp Je tE’é?t“f%aEeﬁatOdee ﬁﬂ@@s'smf (5) being

fdraeldgr ound substrate doping to serve as the active

area f_th ,tranrstor ein forne 0063]_Vj ews
caTodde & "SreiaBReT HAbBle et by s thedies 168 Song e A
Aadhonga firsherods- sd&tlﬁmﬁﬁlﬂw@sémfcﬁrﬁdtﬁfdbﬁléwﬁ@ ¢00 o Adwd !&een of a plane

FERHY BTG e RYoF o0 ARG e B SIURG Toere BoB Bfdion 1 the
ssmizondiicotoraesics ¢4 atomariads srtdrges of ¢ fabrhehiion procela\deseribbd®elow.

at v b atio oce descri

ot RS 1A% Bleishey PET At leBh 825 RS s
lostorded dedfigwe &f the rmrrdmmdaeiorid@\_nce&sl 00i futtioest cammpides ra layer of
nizhGHA 81 C?forr%&l?o@?'fﬂ gtlr"eﬁ% o 96y gl%%pgigrpal E@fa&%?l%y?r 104

conpri ses ayer o eri al ormed over 't he
subs{q0§6k 11-Uefar$@wt the ropteiial 240 capibesidhed selepiivelylith respect to

_ ﬂ'[eog.ﬁ:r%lrafér ?T@'{ﬁ%bf} arﬁd@rll&ﬁt RifrtcR! a%&q %Ubgr%teeig@%qd the silicon

I
sel ectlveé re;gp to the Susra
nitride Gap@Frh ﬁée@i’tl"?'& hafl wth arspeglia thevmaigligit!Pat e 110
and fdvesFi | i€ @R 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




nitride can each be selectively etched with respect to
the material 210. [0066] In an enbodi nent, the
mat eri al 210 conpri ses an oxide, such as, for

vax20ephmz77si | i con di oxi de, havi ng a thi cknesspcr/usz005/030677
preferably within the range of about 1,000 A -9 WO

Q00 88T A aRCHMoHSPRASFARS WAt the angd oliboat 2000 A, to azhdut 3,000
A T a0 g Tee ot uf 57 e BenefiptetesS. suon as

farsixagplanshesuial sdyoe deppstisn (CYD) Erobysisd yasu dbpmtlon (PYD).

S’;Sg‘pﬂ ge ggﬁ?}a%%ln %@%?Jtord%g@% 1%%1&2&1@8% & sP?Yaﬁ)eF Bt material

Zéié\iom@dlwrftmé tobride leyaip?i0sard suifalieeto be usad asi alhar sk, in
af:&fr@ﬁ%e%tﬁrant Qﬁbd?ﬁ?hgrﬁ o‘f ﬁ%ée[ﬁve%%gn apd, E#Hfér%al &nﬁd?llrﬁ’&t the hard

used as a accor dance W th an di ment
meek £he C@fﬁ%ﬁ@ﬁ |ameprph0Hs ﬁarﬁia'éf Brqthay 9@1?86'616\%{“9 l’t% mRgk 412 can

cBR Ks@%&a@ﬁ?@ﬁh&ﬁ@a@mmuﬁlﬁm‘\fﬂﬁ}e diftof! BEN4 SiOsN,, SIC, or

na
AL OPRE SHLI R84k CHF BT 8) ™ i By fopgsied using any
SBItdbllH)deDOSISDI@ bibcesi, €GB as, JoiGexaample, zhgmistiheipos dedoalibe (CVD) or

pﬂ\% ng r?{/ dgf?ots% a@%VD T'lﬁ aﬁ%b? en%ﬁlelz ﬁe gll% gfeﬂ% Iy é}%qoremst

Sul depo
usedhing riotadthegiaphy pwegssr deposi ti on (CVD) or phyS| cal

Vapo{uo@ﬁﬁgiigq’ugé‘s ﬂlﬁyl@tes 4 Eoﬁlﬂ%l“% 'bpﬁrﬁ’gﬁéﬁk%ﬁtto bk RBplied to the

matefrl a ot or esl

dpvies 00 torpsieaplyp h@rcbnf@slslay@rw@sﬂheu shaded gortipn gthephetp mask
390 REpek s Qhe 3arBh ok OWiES Kh%%r& ‘Pné% Mﬂ?‘i’erh&nt ﬂ‘?er applying

device 100 to pattern the

PRpigdeRpraRitang Piding ﬁéh%@ﬁoaq%@ﬁ ungmgieg @Ei’“@@. é?ﬂr gsepfrethe area
irAligh the nadhd elask e2 Rar sk Relved 1 2ndVilabk BEOTRINMs af a@tern of spaced

iRE Sibarle Koo eufy by dps Soie TR RES ML BT e Bk sos

‘ektandlaloRg & hadnwl Hiredien.r enoved. The mask 300 forns a

pat t f aced .li.nes, 302 se ed fromon

ot floBep,, B3 GmpotRR: 'he JHBB0, He (4rBRyiEe 100 A 1o
approximetehl 990G Awlverdnzidng ghpsditdeart iapproxif@63970d A taapproximately
QMW&JEM, the lines 302 are approximately 1100 A to

approximately 1300 A wi de and the gaps 304 are
appr BRvéiat e Pyef@@bly Atheanagikps(oxiurtisaraiognprisgOcontant deps 306, which

al[qug(gl] thgﬁ ggﬁ %8&6)%9\;19%!%% %g n'tHI Egéttoﬁorﬂ’grg%ﬁxﬁodlmgnt the

cont act are wder t
ceect gaprs previde en ataea Gl thel dedea 1QHfor P!ﬁcﬁﬁefﬁi ebd Q‘Prﬁ%‘ﬁt such as,

fcIr rb@(amﬁfémaa\%rdm%oéor?t% B il 68 b@ﬁer%r%%rs%be‘ femaRy| 'di"s%ussmn of

for placement of a contact, such as, for exanple,
F'&”(ﬁo@%‘l’ﬁ% contact, as will be better understood from

the giogfuss FRIredh llld’gtrﬁtéé Qh@@e\h&i @MQ f['d?@?ﬂd s&the Wil és the first

|IIustratesthe devi ce 100, sanme vi ew as

crops-gectiopy Jii-applyindothe @P‘éoewa%ﬁpﬂ’/ (ﬁ@“rteh?e) ﬁﬂ%tpaﬁ?fﬁ@ﬁ "he hard
‘matR A B oW BlushiateAMdFigaret £1thé Merd RRsan g remBif oddr2arcls of the

sipi] B8 e 9ok dptimar I omalErs Phe hedRraagsk 212 s
reffovegd, eovddvef, drams the aes REP theTtubshated! 10askerd 1e ngsk 300 forms
gaps 304.

[0072] The hard mask 212 can be patterned using well-known
‘photolithography and etching fechniques. For example, in some embodiments,
photoresist is deposited as a blanket layer over the device 100 and exposed to radiation

-10-



renoved, however, fromthe area over the substrate 110
where the mask 300 fornms gaps 304. [0072] The hard

mask 212 can be patterned using well-known
whatbosloedrrogr aphy and et ching techni ques. For pexasmogo30677
in sone enbodi nents, photoresist is deposited as a

thicaigk etrei:c&ty eFoliowing ihik @expevre; ¢hel dtaesist dikp Gsdeletoped to form the

r or%ér srke%da %ﬁgu‘?}g_gf PQ %ﬁg Z {cgyfgf?g gglg{‘ rglggf éi 2, and the hard
rphsh 2)1r2€!s B@hc_ed threnghdnel enaek aﬁféto ¢><00$eﬁhmoe<ide 21@@6&@@@«:3 t110 in
tﬂ@%gpsgﬁ)& (IE Ig ﬁl@stl%}edoéhﬁcﬂﬁnéﬂ rbaGRs % tﬁer}%r@ ﬁ’fagk E@§ Kr the prior

I's etched throug
ehotp maske3d9cse S'%rH'a,k 'ak'ﬁafepfz f@ho‘f"dﬁfﬁég the\giepe bqtm'@en the f@ﬁeres
gaps (@] ! anéd?@ 5i llidsugters mﬁ@@b\m@bmdldmgme ﬁ %h%e%a% view as

t he hard nask or. _photo

the fi ?‘E%mes%%@i @Hf«‘r et%'f'%‘fhem@sﬁ %anq F?@“Odﬁﬁéh%@fﬂé@?kﬁﬁ%

f ]g:a}: Yoz EQ]@EBﬂne Fenghdkiendnitd, |tHeiJ{$>1ideBQ1:ﬂﬁs b]Etjﬁe@i ?ymg% FO&:ss such
(0] | gur I he sane Vvl ew e I.r . .
B (L ettt Ml roREden H50% 06X RGeS Sighing. I an stching
precesy invgiving @ dhamitahetshari {idcludifdRIE} Js detectsirany of a variety of well-

GRRUENS Bon b LR 218, LanBlicBed using a process

ion-m teactive ion
et childyS| R E‘)s llltmtrawldemﬁgare Bttod emglng pfocaﬂs et:bdea ﬂhg oxide 210 in

tﬁé QFe%ﬁ %véu“tﬁé’ MBJt‘n%teaH GG e ﬁn‘a@f‘%’tf Fﬁdl{ﬂ rﬁhﬁnask 212

of a vari et
(EHrd fgéres:lga@u . XPISHIg @ﬁaﬁ#‘bﬁf@m 02" Tp@@x@p 249 remains over

drbdsUstitficad@dira 1fb %bl% e ndiR 360 ‘{?Fl‘l?lﬂg 3p Bpﬁiﬁff'ércﬁtrﬁé]@?ﬂ (Figure
the oxide 210 in he areas over the Substrate

e lipgre3Gtask 300 (Figure 3) or the hard mask 212

( Fi glE(iCﬁ'ﬁfr) fmgum@ 6IRRFal) the ®NRESIDD BT Fiaaress! ihi mb%a;hbmew as
oxi de remains.over areas of the substrate

tU\Sﬁ g% CPH%S%E@’R’ 8155 [UHIGR Ev8Y SRECER Hemparel Baren o 210.

_F(rEﬂembM% the@;pafo@f Patdrian 892 302. apb&QMﬁ}el;FHgmra §/3 of the gaps 304.
fromthe

Rrpretiblyl e Rbetf  5tbhfiCad? Sa el hepid; i oS to the
substete $atsdicorgfandebhe pkidé 260, 22ndvibe sttysératex! e(sBddh) and the oxide

2P ber,faﬁré%%yb gg}%’ti%%?%%hfmﬁ{ Fe%hec.qqg tﬁé §B§cer material 602. In an

pr oxi nmat e
emb@ﬂmeabltpe lamm%mef matgriel 632 Cfmmsca@ tgidgeppiginingemgterial,

sﬁ&t? he C“oﬂ"éﬁéﬂn&ﬂ@%ﬂfé@ﬁ rﬁtl"i’de,t '?%wné WWDRTckds raﬁi’}/' WitHi? fhe ragge of

3
he. oxi he stUbstrate 110 I 1con)

abﬁ'ét {501 ido abag 2@% ea;@wner@ RiefeEbly Wiy they t«maa owabwt 180 Ato

abS@t@QQtA tthd MgeBR 20 rca%b%F@dlte@ Qing hﬁy Qﬁltab%rﬂé@@élf@ﬂﬁrocess
of spacer materia

r a -

SHP AP Bt EoTTR IR PP PSSR OB of Ghysisah fBpey, depositon
(BVDj.con nit r| de, having a thi ckness preferably within

t he ab 50 A t bg 0 A _and re ,

or ot LRBF, it f T Pa ot SyRBb of Plont a7t Bisime view as
2 Girsh\. cra's}msenﬁcirerafaalr B0dng antribe spepHsi102d Usiarg eatpdiment, an
aﬁﬁéﬁrhc?p? of Ege?éc’rertéﬂ %Séﬁ\cg{%g%?maﬁj %&f@c%}s{ éalf'ng gﬁﬁ%@%e nitride layer
602 jris el gpacers PUR)IN & WIAHowRi spacar €fch proceassr éfmnahe’s 702 form
WM 168 gd S0 oFAIEIE Jah@Bbk N6 3B 98 @Rtend 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 mare preferably

within the range of about 180 A to about 220 A.
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the first cross-section, after formng nitride spacers
702. In an enbodi nent, an anisotropic etch
preferentially renoves horizontal surfaces and
Wintne928%77t he nitride layer 602 into the spaeeT/FSW032030677
in a well-known spacer etch process. The spacers 702

f or n{00KBY hi ﬁlguhaea giap’mateﬁ)metdmvnaﬁﬂow Figuregafrem30el sarmb giew as

tRPAEEESee soe% i G tuan 'taﬁgg;nfo% errsﬂ & sﬁgrrswh%@gg%eb into the

rection a ong era
sjeqresubsiate 4i1d ﬁa@/ Erssltrewhsﬁ (%) ﬂ@f@mbu@to\mq siligpnishbsirate 110 at

tﬂeag&% 4 QQI‘PQJ% &5&5@ suBh 2ROk e%gxg 8y Ioﬁnﬁi“iﬂgr ﬁeactive lon etching

era |ntheraneof aout 180

@'Ec)) q&chem@al\wwodf P 8iEhing P@Fﬁﬁis@%w@@ Gawlca'[eé%hﬁe} (mcludmg

REE)Dr Solebtdd, lav§ tof & earigiher delkasvnl B@haits fdad Weeused! KO8R as for
the sa view as the first cross-section, after

CXBRPig2a plurality of first or “shallow' trenches 800
I Nt o[o0AG] S iThe Cicst os whallonatrenchdd 800 hevef & depthtprefecabswithin the

I b h
aa e 6t e L Pub 2805 &, o Do B Au Quirgpd ' abou
2/86D1A tcgabcrl.eac‘tﬁow& iThe fastcinenches 600 Bve arwidthembfeebly within the

é;‘.{gc ha%go Lo %ncg %8@4}3? é? LR& ﬁ'ﬁ)ﬁ? b@fe?%ﬁ@ ﬂ%lﬁtl&h‘éﬂ%&@ﬂ about 200

|nc

Adp ahevt 408w h@ﬂ@ﬁ%&%’@ﬂ%@ ergitedinalydm ﬂ?ﬁshqr@pntai direction of
tr@@{?@b%o%&e t90eH. The first or shallow trenches 800

have a depth preferably wthin the range of about
2, 708080k o Kiggin © Q'U%ttﬁﬁe%the&@&C%P%%F*elﬁfsrﬁaﬁpm e BATR view as
tHehfﬁ's{ é‘?%sébﬁoﬁ@!& deposkhg é\ia‘y@r abetterid, Qdi)Otoﬁnu thB G‘lr?t r:trenches
renc ave e
spy ke BRRAGIIR can ge Aebesian o apeiab daplds etodkst Sich as,
fopr @feaiphd) thenmdah vapdrhéepositioe (OVDlalfw Lﬁhyﬁglﬂ valéort depdsitioh (PVD).
400 A, e tren s_8P0 ext.en n Lha
Pre0Y, P b BLE0E o B sSEhERH siee Mt GeiBel b shiliste 110
(4ile08)0dndHhg unitedeD702.| rsém ambdsditriest, dwma@r;&l&ﬂﬁ%or@rg% an oxide,
S'g?htgsr ﬂ)’?‘e%}ﬁ %%NH{BWC@S the first cross- secti on,

ef depos ing a layér of material 900 to fill the
firsil008ilenches sgomd Embodimeant.i He 9GterighrP09e cdeporsfaradly be

sHSLRE ¢ of With?%p%c%ﬂﬁé ﬁﬂﬂas%ﬁteo’fﬁc(@?&ne)il‘lg :ﬂweataxlde éﬂf and the

vapor osSIt si cal
svheiae o5 ond Tebsde 18 @R EERPY SSERbCTA RN TggPect t

. tHedatBal 98 € f ih¥ BkYorRt<hefintdt thé ABRSBI 900cdmiftises anltrlde such
substrate 110 silicon) and t he nitride

agnfRSdP¥RTRIe. Shedditads- aI S50 Mo RfSFHSS gh Fg&wa% 32 an
uﬁﬁerstéﬁn@@ﬁ&l@b@on&bhb@@imedt oxi de. [0081] In a second

enbogdi t he teri 0 an _pr rabl y be. ,
Sot oIBPFEL! , Fiatien I8 Gt es el Ml Fod &ad eiidied tq fop devie
106 iof iFiig Sandst descabdddeb@k a Bpidal mesking!pedocas es L3d. In an
i con) and the oxide 210 (CAN . eac be .sel ect veI
oBRAET 4B s b Tevph o i Pk S 16, Jpg e 100,
carerentivehak phaiditneyséphyt laed neichémg Mch@@@es:arq)aplﬂed @ etch the hard
r t
k" g€ Bl portn pf B ORTBIG 1hAg bbbl e fea Ffon he
hatl mask daved ﬁ@ﬂétﬁﬁcﬁﬂeneanplwr[gomnmngu peotelBhegrapist Aad eeéchlng
teRnARL RS kerdiiRy hardPadiP RlybefroteRts! A8 (AR¥AGTS 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 eiching techniques remove the hard mask
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100 of Figure 9. As described above, a typical masking
process is used. In an enbodinent, after depositing a

| ayer of hard mask material to the device 100,
wmmeeedsional phot ol i t hography, and et chi ng t echvokBugas0677
are applied to etch the hard mask. The shaded portion
layér. t fibe pdrod @l wh e HA0QOnask payes éntrstheheirface af devieeh1Ghwithin the

ah%ﬁd\?gﬁt?cf %ﬁ ﬂﬁ?%ﬁﬂ\%ﬁéﬁ oﬁgﬁr@g {ﬁ% nﬂs&‘jb ?@%ﬂ%ﬁjs rf’&}her Hrocessmg of the
detiee Hheitimn ﬁ@ e defined hy tr@y@shqﬂeétp@dtog of th@ sk 1§ﬁ@r y
of thiRsdeVi ¢rerbRBly (He%t%tﬁfttﬁb%aaiwggéd?g 3) ISQ%%JverT Sn the

unshaded portion of the photo nmas represents

Wit 4 15 OWARHSHO W reasiy K00 &S SSHIDRT fRagrapiyp e 3) s

sRerehiteg tb@l‘eh ihpi @ (%p%ﬂm?%fﬂﬁenekm@o@ask -12 WO
CT/ 1152005/ 030677 he renpval

2006‘@ g}? 5}{ of
the HOPR nadiowe ) biusials pRaedes 14t Fd$ura&ﬁ°@éfhi@6me view as
thal filgt Brobieectiaheafialeiraeitly iye blige Wehanedrgptuvil 6Mthefoxide 210

h K ' f ' .
ciear P da P e Prdre e Phod e eRe i AGindown to e
sypdade| a nthe$ubstreteneSkush@C0prop&E84Lh Bs ebeexnple, rédmdiveniontaiching
th k.3 [ y . ' .
3| RERE s SRR ol SRR Y 8 o fyfc
COMBRNEREBO nﬂ(m?@um@ J)the ghysishloriching prieesstused Indrigtinsmitter ¢lehing.
openidpggPf h@%ﬁ?&%d %Pﬁgwemoéébcf d b Eerlihob Id efeFablyBrmed
FI gur t ne

the device 100 fromthe sane view as

bew%ﬂh% niide. spraer 092 1B fthergape no\PPnigft tyethexpxide sarpovalhdn an

ehBHE]M@ht Qhe téﬁ)ﬁcéﬂ’i@ é’éthrlséé %ah%egébﬂ%lrﬁﬁd)%é?@da‘f\eﬁﬁh as, for
e first trenches 80 The oxide 210 is etche

e¥%"9'?re'3"'°% pitrides hR¥ing & 8"%‘&98%% wfﬁfeéabim'thd% Mg aagﬁb?fcﬁpe%%o Ato
abole A4 d, afdmorxEaRlBDly WitRCihk Yandeas 2B @3B0 G to (aBbLE)e;zo RLE

is a.di ctional ni ropi c etchhvin bot h physi cal

R e oo R oSt 6 S ANSDLY gt forms

sedoels Ti2frave GS@lw&Editrldﬁ-cBhﬁlmr@ m@tletléiefepeilmhld’lghe OB of the
L a_second 102 is

Bt (oiopRrEPen < Rl TraPaRRs thte IREE ngodoarS oz, =
desveiberhpbovel 0Th¢ epacebyl 102 boromihesideehe spkcer [702amd within the gap

1?(5631‘3‘44 H:B\W/tth ggi?‘i TIPSR s%a&&%s ?%ﬂ%&rbt%?agolfﬂﬂ apprommatieig 1/20 to 213

n|tr| -contalning mate
okthe |g@ér1 169, tnarr@wmgﬁa@/ pay 180G huacw:ﬁ@s@'eﬁﬁr@ﬁxewm ;hevmamm ¢f about

DR 6 ﬁﬂ&ﬁ 496 AaQﬁ’&JFno?@&eﬁré wﬁjﬁﬁ’{-ﬁe rﬁﬂ%ésﬁ abR0CBEHA & about 420

preferably w range of about 0 A to about
Ag20he, SPF%87]10?ne>ﬁ¢ﬂdeWB@mdrP@M in ghe, pedzostal dirgetiensalord, lateral

mwﬂiosgéﬁpmﬁh@g ﬁttﬁé]gaFfSOﬁUﬁ spacers 1102 froma Iayer of
nltrhge contai ning.materi al deposited on the sur

of t 10488l Figure il USfE]IﬂtPSS t,glp(glggl e 104 ogﬁﬁpreaw {ramttH% Same view
a*’é diet sfostseetichDatteretthiriae FIDRNGTCS sTOR oaneaavaﬁ@nsdhbs dzoo The

a er 1102 for besi de spacer. 702 and
&0 rerthies GO0 S GEeG Ry PovRg SEBTASORY Jh e od 1100
preferstdy ss:ﬂa@@zd:mcﬁ:ﬁrml placysd sdch apmr@xammbeloyt rilliag, draedtBe ion

et%:n@gr 15]; h:%&?%ectf\‘/?{i{ee‘?égﬂgnge oﬁ F8 b%:tll'gtgéga E%{i\éﬂog%rﬁo etch the

oﬂd@aw mtma maer@lpr ef erably within the range of about
380 ab
zﬁoh@ GITI& s@@cﬂd oﬁdﬁ%ﬂ‘ﬁerﬁﬂ@& &5 r vea (g%ﬁr?pr‘éferably within the

| ongl t udi nal rizont al
range ef glpout 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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interior peripheries of the gaps 1100. [0088] Figure

12 illustrates the device 100 of Figure 11, fromthe

same view as a first cross-section, after etching a
Poweed 28377 of second or "deep” trenches 1200. PUTAIS2005/030677
second trenches 1200 are etched into the silicon

A ubsbout4001A0 Hie ddvend)apschid Q000 piiehe naigitydiasllynig te horizontal

cﬁ'r'e[:t‘?o%tdfﬂ{éac!lev% QeSS such as, for exanple, ion mlling,

or reactive i1on “etching (RI E), which selectively
et chd@090he SPrifecahly, satitsirated, the Gecond tchpeBen 420Gk aretdeeher than
RXhider@ifedbdg i de materials. [0089] The isecond or deep
Fﬁ}réncrr}%{sE ?Lzo%d have a depth preferably w.thin the
r angd0@8t] abduigura 150b.spates thendayice5108 05 Fguradd frapt the same view

éértﬁé Q’Fﬁ@rdésyﬂet:mnn a?tglef lﬁr%nﬁll@ &Eor@ﬁéﬂche&ﬁf@@ wﬁhtep nRRAHE 1300.

he se con trenches have a w
Pﬁ?féfaéfyamewwm i'H0¢ pan be %‘ﬂ-‘é"%!f efah%thmrﬁ@pﬁcttt% therwigstrate 110
($ifiddnPan@ Blicd hiride( ehe€ tiadbubsibib 10 drideihe amgen ofiridd @éﬂ each be

06/ 028777, PCT/ US 030677 At
SERB ATy S B PP PT G Se1oSb 18k ol SOREmhaRS yreterial
1300 threpiines iapandds), sud asetdrle&mnpié illven diidee MROMaEAHABD0 can

bgro%ﬁngééfggg%!ng Julft%lﬁé Fg]%o%ﬂl’op ocg SéSS%gg 6& F}S ﬁgqlfpléze\gDebut is
p1gteriaply lbytspat e’ Qtase (8Q@) depcsllion.ofThrirgatedal 130D vdiheerke as a field
iSORfBn E!eﬁ'}é’n’t A%hd h%{ Eﬂnﬁcﬂre 85 Qrﬁ!%ess%ﬁﬁ ‘not'ﬂe dstcES%%-f bdidd.ng

t he second trenches a naterila
Pr ef K108B] y, Fichee ﬁﬁﬁl@Pl”&Ws’f@%@ cealactieensle [18ER fargrey by processing

tied é‘dﬂﬁﬂ:t whh Bos.eshe ‘ébntbét tFe'ﬂ@h ?rSﬁJAstrp?éf@ra%@%lanﬁﬁér{ebGQ@ Liched and

ilicon nitrid he substrate

A R T A L SR o S

respponst o trhe cortertieabheb3@02 hhvk #ABeptR Eﬁ&f@#a %Wnttﬁ@ range of
an oxid suc

te I r| se e,
B A o hece 2B A PR momn e ity M 150 rR 1 bt 4,750 A
telepos 5,080 Au mheg:oauayt teamichea 3@2@@@@5 Wwtidtio ﬁreﬁét@b@&ﬁthsn&ﬁ@ Fange of

oy o ST o B 4 i PLHSAT g4, S comc

tralsphas 1863 ektendsloh@tud mallyaih dremtrizomia ftdlrectfunna‘l thes tievinet 100e

V‘P'O,M]be %&%He 115] lllhgtgatgsj. 'éﬁt%&cg %8 %If E@HE"L qg?l%]'n tﬁg%%{n% view

[1u tes a con
a@ﬂ@ﬁ:é@éums-sen@m@ﬁeaﬁte plaparz3g. fh@'fmiffecmtcécthe tdegine hfoo Any

sdnt'égl% dl&aﬂﬁ&feﬁrﬁ@&e\éssé lak a@ﬁ%ﬁ{e eéh@ﬁ%%l ﬂ{éghegﬁéali Eﬁgﬁrlzat:on

during the process utilize orm the secon
@M‘ﬁbﬂ%@%ﬁ@gen bed above. [0093] The contact trenches

1302[0b9€’lje and aRfsalRb 8 f g'alza ¥4, Whé fabmcé h@or&f@ﬁer | pairs of "bulk’

bout 00 A to about , A, re

[140)
SAROPIR HAD0. ok SPoas et SoEPTSench 1306, st it Xl 1400 i the
mcrmwaoma@dsméme @@ﬁ@aea%aa pAR\E “Bull &lidan ﬂﬂr@ rmbd] :from the next

out 4F  t
4 &bkt Sieon i Jap SR e osé\?ﬁ%ﬁrsﬂrmcft 5%, e it oxide or
nitride ridideis tha GRisaateanemibaaiigé:ttusipaedtby al first BiicdtOpiliZOMEE from a
[ n 4] gur e 14
Se:%f)\n&g{'érog'tpg%w%igﬁa %ésié%%cf”[‘ Bﬂ%ﬁﬂé“ '3 fromthe sane
- vi evi009]] t hEigfiier $3 lttusmﬂss sqursmealiveatieeroft the device of Figure 14.
TIRY Aok 2o R8BS 8667 L b6V (188 HUond™200, the contact
| trenches 1302, and the silicon pillars 1400 extend longitudinally in the horizontal
direction of the device 100.
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suitabl e planarization process, such as, for exanple,
chem cal nechanical planarization (CWP) may be used.
[0095] As illustrated in Figure 14, the device 100
vowepsames pairs of "bul k" silicon pillars l180fQuskexdsoc77
second or deep trench 1200, filled wth oxide 1300 in

t he [00d7yst rRéferdng kbBigLmees) tthe Slegia netste SO0 miefipes the difies 302 and

, gsﬁﬁ |3E4 eahl I Cgchth% clelv@% EO%A%g g%nrﬁﬂtﬁe 'E:? ﬁnp 'st]EePso %:% described
aboesdie B@Ogndfgablfeatunas 8A2.B0# détherphotoi maakdﬂ@ogam he ttchehes 800,
fﬁo}) léﬁ& r’{liez@ga $ q@@é"ﬁﬁﬁ“ Dug g@ﬁ{eafBﬁr?at@n for Fﬁce% ;!)rbfélefr]hgethe r?Ihcon

secon I Con
ﬁyastrat@ﬂ‘tgudur%ﬁﬁepetplmw $ropasgs, [f@d%]ceﬂogu%ﬂ%es approximately

thlpH@Fsr ﬁio@swmlr é\Fb@)%hé’Sf #E QMe gﬁd QQ@ ReY irsuret 362, %U4Q3f the
The first or al | .ow trenc es e second

RSP0 GBS (g TR RRE RIS 155 POt ok 300 15
dobfoxfhdiél¢ Gcd bk bRy S5 thé Ubianck drtvdepnpé tsilidbmpillarg 1402t @4, and

orlzontal directi, of the. devi, 00, -14 WD. e
t Bk OIS Prsstd Fo’é@”ﬁ}e ﬁg‘fheer%r ChgPifcy multiplied
rEI'ra@xerteﬂ&; l:tmdgeamiy@bﬁnemwcélmneﬂhsbnnes the lines 302 and

gaps et Cﬂgﬁe Hé"inﬁ%ﬂ'angs QEgﬂagr?of]é)tﬂlrd E%{%tg %afs? g gb@g: ﬁel‘%pplzed

proc SSI escri
i &t device ‘@@zaf mee 65. tThe nnﬂasbﬂ@ommsaeooatfem m' ishlefed lines 1602

v&nﬁﬁu nfig® Tnel.ag&@cﬁdarg %spé}adeh ot &@%otﬂér% gaQH 86642 The

ormat ron of pacers protecting

e $8G2aand theaps r1ﬁ% exiged @toeauan\gerﬂﬁab%%@e% Tﬂ”ﬁéh'ﬂ%maé‘é 1600

akBFoFATRA RRShARBEP et Yof dpiBediitdsafe®2kHaZyapd 4864 and the
for every one of the |ine and gap photo features 302,

aerewbevnwrwesecwa%wa%bo ®The di stance between identical,
adj agepab) f edeerasg & FIghﬁa phmbmpaa@k 78000ins along the lateral sides

approxi mately twi ce S bet t
P Bes B e & i 210 oo P e BT S mEL AP il ne
epﬁ@keabhpbtvlcab&daaeo s m aﬂdttlon Jrefetthguib IFegupee 1l tHbel$pawers 1102 form

hitch |t
a|'°|%9 ﬁ@% Pg%ﬁ'ys ﬁ%g ed’!d ?oéd'lg rﬂ@% :fonbrrrn]mg fd%%?m"—"i]dgﬁ]re Shallow
rkAch BD@Sthia“aEtp*ﬂlng Ip(m:esx:‘f desaribéd telpivothe anesiof 160 thitdomask

Q@%L%Bﬂg thd pat‘é?n BP QSH Pl‘m:e% 1689 2Rl g b@‘rﬁscalc’éag%es%gt[@?f spacers

r n ot 1sol ated
78pend mtf2 arﬁwr ihaebalppoengh 806 e edehag awaymToHS tamenasers 702,

1'%12 gRABSd I'bﬁg‘?udmghﬁ in thb %ﬁzdm%lré&@ntéitﬁﬂggétﬁﬁal iﬁ&‘ﬂar %éﬁ;ﬁﬂﬂes of

along a vertical direction. The third
“?%EiEHPé 1AR0. dPEinglteRed ! Q%@”ﬁ!ﬁ'ﬁt‘% %Fhes%’éelé%y PT W@?e‘i‘%io‘)

and pApe] 16¢ uwd*ztungtrat?é &l@/d@%@@h Htguréerméﬁérmlpattem of the
o Figure 7

1000. [0099 eferrin h

ofigipr et Rt s pefnciralriedue S retts Tt o e, figdlp materia
19040. dFi arbgﬁ mnarafemmwew Jilethé idadse 30Q intd afeplage forine® Py slicing
arou t.he

BUFin 1% o Ha E o RE el 3 SRotd Fop ol fglenaito

thehfgstlcadsarseltisi. des and ends of the spacers 702, formng

ot crighr odteh SudRosta ey £ et ShupEHrcash Rpper rpauce
thealirle wnsilnr todesadihag R, rvé‘nepeaFtlerthe winirspragetitablensize 066 Jeatneg of a
. pAAB TR Ofe RS RRD2IRE 0 5R W LindS R GERS 1604 are 1.5F wide. The carbon
. shrink process does not change the pifch of the mask 1600. The shaded portions, the
lines 1602, of the photo mask 1800 represent the area in which a hard mask layer
'remains after applying photolithography and etching techniques, and the unshaded
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702 and 1102 around the shallow trench 800 to be
et ched away. Thus, the spacers 702, 1102 extend
longitudinally in the horizontal direction along
YWZB9642877At er i or peripheries of the gaps 1108CT/US2005/030677

form ng@llnes and not formng | oops at the periphery
RArtiense MapPE d60KomNd the borgpr ‘FﬁQﬁdFl@u@ﬂa | Epresend theesared in which the

}Qh}dln%@kqueﬁsw-h&eajﬁ after the pattern of the photo

mask en . transferred to an underlying | ayer
of haqag&ﬁ‘a ?ffb&F' alogo & Byifgt anaplng) Padeseaisesdedhe After

depewttng atlh@r ¢ ViblemadlOomiattial 1709, Bleaingd fn@ﬁsﬂegobka? r?e patterned
or from

d h ,
s B at L efifa BBl ed %W‘”%f%ﬁ'a@%w Fep exgigle, in some
émiv@hmeﬂe,sshczt@“ess[stoa dgpodi@l] ad ra Blaniesthiadr revet thelévige 300 and

furt the |
SPLAR 6 RdBlonPHRLER b orol b {400 Fonchllfa 17 Semase. the
Rhojsegst fim fSecavafpéerb farm pipbotoresiss koash dretheisndscel @i Bard mask
{robFavd B raRtmbdier ?@@%eﬂ:ﬁ%ﬂ %e Rk s\ﬁb r%te% 7 {tﬁmctﬁé gé’&regrons

rink process does not c

%g&@“d TP UL dRHOH K5 (Biswre 1 @f the. q@é@& 1@@2 of t he
phot qomk 160fudtRRIas $ijurd e tRé ﬁé\'d'rﬁhs‘ﬁ’”l'i’gl? rr1 ﬁver the area

sk remal ns after applying photol i
R st iPlag DoviaR Bizdard maak ARG0 (SR ARRRI6021 Sl ably, the fnes
‘IEDQGérﬁZ:&ELYCYedPﬁTD USZ\QIQE/WE%W@@{ shiks pro"c@éé qaRs Byb Mbtropic
g e iy B coifhel B R, bl B g Srieatle sice
of eSeatiiieend agbotoanask. t ypi cal rmskl ng process i s used.
Af teryg pOSd:f i nmat L al 1700, .
e HGIGHT hodoE g MkRHES o ool Bl R Tt e view
%Hb@ gesand sgpssshgtionn dftert fotming atpduwrblity qtiasd onnrchatrmaes 1800
anB aﬁgmgnlogﬁg% HE@H% phqj oresist is deposited as a

bl anket rover the device 100 and exposed to
radi 83108h t ﬁr’r@d@rﬁ trwhpﬁ 38Q0 anescheg0do tikos$ubstraied! 10N the area

18549 6 teSdevich 900, phﬂé %n.séﬂ éﬁbsirétle”‘l‘msang%\ﬁﬁk%gd'! 44 éaﬂfb@ Btched

hOt or esi st nask he surtace
”WSoa”Va‘P'fM qiefe Whigh oe’f%k%dﬁo@mﬂ bulkt silicen &tdh%ﬁpﬂi@efatehe In other

ehibRgintente afg ided etdﬁ dt@%s g@@sﬂ'&ﬂ' s‘gﬁﬁtgaté?gﬂilgdag s@féb?d kéi?éhdé:%&hes the
\"A| .
ok o0, 1S A, 67 tra? oich Biakgs dheride So099@AR f second
emhatcmmeaslhﬁn solﬁstrtamm,lbst r at e 110 where the third
k i
2282[&1$§Pr e%gZ'Hrdt%%%’r 'IE'e eag“??s? H@lﬂﬁ"%‘%\iﬁ%‘gh PIE?E‘?%R‘N within the
rq;meméabout(assoga A tcbgbausmuoméu and mp@&}abl)aﬁmhlh e BAPS of about
3%@9‘}1} £20Fs, %%OF’K “l‘hg‘ﬁ?.r&"@ esogécg) W&a Hfgsrgf APl 1.5F,
OFpmreblmwthinl the trangeesf aboet déa0 Ado ZIE(D@UtO‘fTSIHI &uare! théref prefarably
wmﬁ tﬁé'FEng\é' @V\érbo%? 15‘51)9 ASRCARG: STOPA. © ﬁgﬁegs; 1307, grtend

form ng alit t hir wor d
igraival e h%fﬁ@valn@afﬁméqbatﬁatfaﬂuaaermwulaf @n@ﬁhog’dnal to the first

tréfdHed sbo gmmﬁe é&% %ﬁcr?asqaeé df%eodévl;@ ipybstrate 110

in the are t he devi ce he silicon

subst¥8fle 1 f Oef%rﬁﬂ'yo%P dfé'rcbm@'whi%d@mb aig deeper toar the first trenches

800 to allow for the formation of a transistor gate electrode along a sidewall of the third
frenches 1800. Further, the third trenches 1800 are preferably not as deep as the
second frenches 1200 to allow the second trenches 1200 to provide isolation between
closely spaced transistors when the wordline is enabled.
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using any dry etch which etches oxide and bulk silicon

at the sane rate. I n other enbodinments, a first etch
etches the silicon substrate 110 and a second etch
MEHeE028THE  oxi de 900, 1300. Alternately, therd¥u®005/030677
etch etches the oxide 900, 1300 and the second etch

et chel1P8k siThe deyics IsfurtherecombOse OI066 jpill@ise! d0Riforchedrbetween

wﬁﬂ,—d{,@nghggmg@es 1800 have a depth preferably within
rangﬁ of about 3,600 A to about 4,400 A, and nore

pr ef etdBRY, wiFighrentg Héﬁtﬁaﬁgtée gevieh it of FHgged 8Afrem tadsare view
4s 2R sBconth @roﬁsg-lsééiL oh,! %hﬁﬁmﬁﬁoé) Yeof adié(féc%cp nHterial | 1902 and

preferab the range

A6 860H%a F3ven o ik 90% ARG G SR Ot 3pressadiminy, e dielectic
I8zt drite okibe corapripthgaflicabaivkidd. STtk aelte&nélbm hah7m|c&1esEfb?eferabfy

Wit T, (08 5 H%“%%ﬁﬁﬁi S Z{ﬁ\y @Fﬁ%%ar%%rﬁ%éw Yipin the range of

aparh 54 drialabowt eblfe Trierdidlecttic mhe&n%)ﬁbcﬁmﬁerﬁ Qahite applied by wet

BT BRIV sl flr hRRLRE 146 Brde o BB e @ msk.

oy ‘?“?@@it’c deneaipretechda@st o aI | ow for the for mati on of

atr tor f

thir gmi"rﬁenciﬁrggﬁ %80 ml:e{T?t ﬁae gﬁj rr'gﬁ%heégt%ﬂsdmde
layes. gHet ap. iﬂrwﬁ@pleaﬁolwwnagn@ Hngs %@u@qﬂesa ot aopresimately ¥4F.
ﬁr%fé?aﬁip tAé Eély?élﬁchﬁ h§§§@|ﬁl€ﬁ(ﬁe§§ Bﬁﬁ}?p?oﬂr%%l R0 QK ‘fln‘?ore preferably

ween C 0Se t ranS| stor's

ﬁ‘elrfgtqgeso QBT 4598 tol@oszgq)ge /The getysiticon 1904 can be deposited
Ll%ﬁhﬂ éﬂ@Zﬁﬁl%i@ 3epdkition [pﬁddégi sliBe a8 et eanddi) chbfidBf¥apor deposition
@hm i’? L\lrlgro S” f’Sf 802 formed between the

g PinvEice 1 ‘frb Figure 19 illustrates the
devi de11MQ0 oTherujwsnleoriL&OfJffls alsotdeposiad® b @ehcte®rh&Eby etching
tﬁgﬁﬁﬁg{%%%qgoqs@ﬁ 4?'?&1)9‘3““ formng a | ayer of

02 and depositing a |ayer of
mat elPH12] 190Agwa Dlikstiates de déke 100 oiFighnd 08 freemthe dadnes view

D D i ——
polysifiearabPAf and thiei dielediic 1901l f@fm apacdrs 2000\ The apacdr et€h also
séparafaé trﬁ@éé;f‘acefs%% abhy¥ Pléftérﬂ 'opth%gﬁ&cf {3 186, about 54 A

t o about The di electri I n an enbodl ment
can B&113pp| iRasessindnde nolysiiesn JRP4Handotheotiisldstic 1902 to form

sﬁ@é&@@ﬂd@'%&@ésé%%bb ﬁsnéé—%oﬁ@hlmdofkme%h%ﬂ "“Mars 1802. The
t hr oy a nmas dielectric depos

e s RSN 870 s ERIEENHO0 ket HRTeMmalelyL §O0F the

dgplﬂmftlﬁetsenahgam(p eI ectrode | ayer, such as, for
and has a thickness

exangé(_le1 poI sili

~ appr 6Xi1Akt el )59“)3: ‘”PPEJ‘%? s devicenlO0 15 1Hgsre ?@ HeMhing same view

at hihe lkoessl abssgmiiony dmeF etokidAty he d8ibe"ICaRy &fier ﬁJWnMg gate
ge of about 490 A to about 510 A The

b o
lsglaltt'yél?%c%sn 04 can be deposited using any sui tabl e
depofdtBbn [im scres mbedietents thd proceseigdseps mwmagaé damage to

wERRE SERTRP The eClenRin BRGunRey $Si ol RocR o of he
damaga e theegatthofide HeRP &ytheeghised cotriees: Pabtrfdaelbpanlf & Jifd6 and at
teFhEHOHE oft Bk 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
clectrodes, and forms a characteristic bird's beak shape after compietion of the
reoxidization process. The spacer 2000 is the gate electrode or gate layer 2000. In an
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[0112] Figure 20 illustrates the device 100 of Figure

19, fromthe sanme view as the second cross-section,

after a spacer etch and etching and recessing the
wokoesnisrron 1904 and the dielectric 1902 to POTMS2005/030677
spacers 2000. The spacer etch also separates the
esphadierest, 2060 Geoaidatidreis Epplainbyodeitdrelry hiddationro tiehsdB86ate 110, or

oh ] o7 BB BgAoCEL | 1o BB Eoqronn gato o

i Blect orm acers
mgieriat 2800 avhisbrioimad 0bg2 Q@te leyes 1994.iig @iq:h@i b$@krf90m8@293te fayer
18he recess is approximately 900 A to approximately
1100 A or approximately 1/3 of the depth of the
t renfH18B00 AS[%aclﬂ!ystﬁtegﬁﬂe%Me 2 hetspacs 2{1H amelprped on the

ekg&eefupﬁé@ﬂe%o?ﬁbr{ INk iR sHRER pMér@WSO@STﬁ@QJa%@%Oﬂ@2 comprise
cross-sectjon, after C&eom di zin device 100 and

agpitrige- C‘F’@?'mnﬁd“%tﬁ?% SYB HASa G ST SC%' Qnyigge, :Trﬁilqrg]fowd in a
pECEEs eHab o siraiat trtehaowssclmaltngc%:ﬁi epsceyOZ, amMseh is described
e

B ce aghP &at eI BE LN I st co0: HGSHsihgiang o
htgb-flehieccgaele @‘xthdegdteoa reduceher mp@é eulirreol leakage and tidherevent

sﬁéﬂﬂn &rglag&a{e L fre Q&ﬁicé’)ﬁramtP&n@%&%péntt%cigg%&ess The

e regrown gate oxi
pr®g$9a$1@%forra%§wap@r8r%@2@ﬁ§ fge therpmptheiwrsindhe pelysikeomspagers 2000

aﬁﬂﬁ@‘b@ﬁorﬂ%@@le%nm %Utf Wit e ﬁ@ffcfé%'o%ta@fmd llﬂﬁtegét €
el ectrodes, a characteristic bird s beak

shap@13fk er F&élfﬁa?%t"yatfﬁt%sr thepevice dB% PuFiguie T frergie §ame view

ad e s‘é@é}foeérogé)%hb@ ditBerolhg aRbfdcindiayaozoat e | ayer
2oootﬂ th - 17 WO 2006/ 028777 PCTI US2005/ 030677
t,

enmbo I AR SERSINeRALi B AOYSIeaR FrRagets,<QRet argrsafitiged (seff-

aligied amueﬁmcm) td i’d)ﬁn%ubﬁér roatmdmat&e rédteridp p200. hR imet&lMaveRAis blanket
t echn | ment he re

B3sE pfdiah SR R cous o ARIRT bR R bt oS svoon,

slichyay ouiﬁfMtpp io thet wilkeesl abdok tiie e@mosdibsigtrice of &heepolystiBOd spacers
1 o ill , i 0. Fi .

55 ool 47 IBUE Tl el B Edsgl Lo PRRCA P met

_sm W%H@p@; unggian,gitanium suthgaigm, Enalypacbals, angdonckel, and is

roﬁ’rrlékb rhge- &O%ﬁoa's'@bnﬂ fl"f?él(ere';\rﬁaJ m HCEre?egably O:Setween

con ni

awm@ﬂma@iysm/# and 219 Affeclpr b celedive @@ﬂa'tetphfremﬁvgsp%t@%%mefaf and

mEEé?tha‘V\@dné‘smdtéorﬂ&fﬁ%ﬂlb&?d above. The spacers 2102 are
| er than the sEacers 2000, and reinforce shieldin

at Wl Eﬁil fi &hel Pephelisidas forme @ seli-alignade gliarping layer 2200 to

m@zreay@ IHterﬁHédrﬁl[]&tMt? @J@getha%rdnﬂe pPrigeenibial Sikeidd bRE f&fms on the
' e source/drain, froma subsea{ﬁ

toga of BF el 0B S0 PrOTHE Soifioa abL o et oS Al tster wylgistood
frasthef mbctuazﬁibh gofg a@uh,etzwe&now heAp ﬁém’snén pwsﬁﬁp ﬁtoar énsures the
t he bot o) 18 th the
sériondt ik aparatt A000 Aitag Paon SORS yevR albe o
i || USt2@t es Thewe devidraryl 8l of thei grimdll Bbogiizaithat Hiee samdeictive
v a C fter
Iagér u{)é)t ﬁl\?&rﬁ?a §§ CHE%OBP?%T E]Ce'i%ls sucf’i‘at f d'f %%aﬁ&-g gﬁold copper
- alpoings, lahd e lﬂqsaaied geDEY raaroéwslalthecsllmed (Midures of metals are also
suitable for forming the conductive layer 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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aligned silicidation) to forma |ayer of conductive
material 2200. A netal |ayer is blanket deposited and

an anneal step causes silicidation where ever the
wiettad/028omt act s silicon, such as on the top eTwkmose30677
pillars and on the exposed surface of the polysilicon
lisjtet &1, gapi@ G0@mal chemicehiapdi mepdsjtion NETEMD) ¢ lode preasuee ichemical
vgp?of?(ae;;&%p (BEeyD) Shi Fﬁ;%‘ibaﬂ%o dBLon (PVBICD as, Tor

exa ngst en, tan t'ant al um
coba 0t121]and queeka$ I"uatrmes §1e dsuiced 66 ob pistexe4riipel e sape view

a@t@%céﬂ@crﬁs&&ldﬁgn @t@gfliﬁytﬁe Pén%ﬁ(fe"f‘m’ ’Bﬁetiﬁt'd’\@&{bhes 1800 with an

@roxumtelgl 190 hick. A selective netal
instiafing waisviaksz3dec é%@“r%‘!bé’ld'“%ﬁﬁlél th@r@ﬁ‘dﬁt'mﬁmﬁé‘e@oﬂ@m?r'ses an

o%@.é]ts%@ﬁ &l |fd)rC@;tEbm|£|91§1ﬂf|onTﬂi6xuﬂ@t atheSinkiitiitte nf=RérA® 2800 can be
se ne SU[I | Creas
Bt et 80y SR TlRY §ockes Swibandbl P S0 VD, or

PaDso forns on the tops of the plllars 1802 to provide

indeligha PP AR o el 17 B rapprton,, A

sgifabicoplaharzhtiwi paicess, cskucbmu ﬁcarsemhwle sipmicat inmeharfical pelishing

CREEES372 000 SO P 108 L8000 v
therpentssisdudhe pdar ﬂ09§ler 2200 may al so be nade of ot her
net attﬁ zsf uck@g thef Héw g?(ﬁ]%@e@ond%&éi»se%ﬁm e dé\hdém d@%pnses

and e, and need not react with the sili
- aNPwtal ﬁélgorbplliaféﬂaﬁog sgpalgddtom spf pagher bxbtheﬂeiiﬂrﬁ%ﬁh @f £Nde filled

ihenebhehdsvac0aY®e SARBR pilkds 1ebe af@ér@feré?rﬂf aﬂﬁbﬂﬁa{eﬁyﬁro Ato 510

AP 1ol Bl A0k 4 0PU.& Wg0sTHa BIFIGHPReRes Ao furter

cEinpitde thietdatd diekictrilerang| tHengaté Mgrec Q00N cindvibie | cyiauctive 8fapping
Ii E%%%e, but are not -18 WD 2006/ 028777
20051030677 limted to, rapid thermal chem cal
vapof01d4jos Figuen 24 RILESWaEs bwvmmeefstmeedewmemoml Thevdpdre 100

ﬁ%@%s%'st%'}?& c,-_é\/gu? oD% RBYSIE Mt BRAGISIFRGINEL 3o the oxide-

filidgpecend2ar deep iiienbleess®68, anddhe ma@-ﬁlhd thigcerwprdiine trenches 1800.
%‘ﬁ&% oSGl @en&fe%?re ﬁlléd'vhtﬂ%xid@?n fh%'mlsﬂ%ﬁ e%oBi?ﬁeg g0d fled

|rdtrenc I nsul at1 ng mat

W!th ﬂ&m%ﬁﬁaﬁhﬁ@mbwfﬁ@?hﬁﬁﬁﬁ@tﬁ?%@? Ahaed relgled o). The device 100

ATPEP EbiSifed the Qi%icdficIMER 1862 (HoP gh&%gmﬁbeuo@ndel $paBer 2000, and
di oxi de. The insulating nateri

thedpefal %t@ap'ag ilaygT adip- stnet daﬂe@rlcd@b%s1.99?o\ﬁh'ﬁ? g‘@@% only o dipe sides

oaﬁhe s‘!@bn gmaﬁpﬂaez & dDis LMD, lagr seﬁ’éf@and %Mrdlmegsp@eerz@oo from
es the device 1f nar.i z

| ust ' .
o e 2 el ol 16 o et etdl B b 2200 is o
skhovanpl daritghem cal nmechani cal pol i shi ng (CWP) may be
d t
the WEPL; adhe abisf slibor oS Bt Ked 8 B WG 2467 Bl  secona
pitap3t04[ 0h2 Pjtctrisdhe tisnes bamfeén telpeatigoderdents in the array. The first

PRSP 2R238 %ﬁ fidn, 6&@@&8&&&&%%?%&&&% m{%yvd? ction plus the

I con ate rom one ano
dﬁtﬁ@ﬁ%bﬂwebﬁlflm aléars|1|8ﬂéds meiablred @mh@sﬁcm@oTherh@ond pitch

2%64% i(i)scfgz%ol@ﬁéth f Shé o pRaP i 5258 Plobs@BRT R thE Bl dektichlflus 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 pifch 2402.
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A wde, and nore preferably 440 A to 480 A wide. The
third trenches 1800 further conprise the gate

di el ectric 1902, the gate |layer 2000, and the

wondsoes7ve strapping |ayer 2200. [0124] Fi gwia/id4005/630677
illustrates a top view of the device 100. The device

100 [oo24)r i sesirsaf apilaay ©F02s furiheo o | pratrgsidB8024068 hed vertical

tfréﬂ’s?‘sttod'g lji%gﬁl\n!er‘? rtFaﬁ gt%??ﬁng'gg b%%éﬁqg r'n;gr)%eag\}vﬁlg lpﬁldigdmoz which

e n C
%nausenareted\m&m pide ennitridaviited FBOOr shalthv treners800andstvahéded by a

éﬂaﬁﬂafb%%e @éﬁné 'é46f' {1180 Eﬁe&d‘é t%ﬁeétﬁ tgé‘ §hélll:)ltvq%nﬁﬁ%§(§i The vertical

w%aérg’éﬁes @g%éenar@tafé éf@ﬂeglesancafm ip dhedrestirestiont by, theHaide-filled

sRBh@ 6r dd2P trehttidshieboconpri ses the dielectric |ayer
1902 not shovvnzmlo t he wordline spacer_ 2000, and the

net al[ il appltey Wordling spagrs ofpuorglines ¢2400; are) perataddem one
iﬁsmct)nzdﬂ bﬁﬂfermdérﬂu?zd crrrdltohe:o@nﬁ}@ﬁencﬁ%s tmt ﬁ' li conI pillars
I S_.a X er separat,in e r I ne,

c pacdo T o B 1 s £ BREhetn S Pl 5 Sfigtih Bars 1802 of
tbhaevicé 000. cl'raeldla}ectr'ﬂiaym@at te apgina @ODGYaTd {RE BbktalStrapping
i t 2200 Yo e R ok g%ﬁ‘%tﬁh b ey @ibsth S or clary
lﬁm dire mer@hes g0(k 180Q, §BO0 gretshewnl Lisfillat fer claityween

repeqhig el RERaIZ bl ity o of PEailehbd browRishfi 240 frmed

ist e silicon measur ed
kyHee grogsing trendies gesesibedh abovgi ﬁa@h @sm@eo\emﬁmsmh inchides a palr of

phiakd @8@2 é&ﬂ%o@& bg"eﬁéﬁﬁrﬁgl bé&etﬁgﬁbégfjéitﬁgt Egﬁ UT:JESBeq Protrus:on

second itch is th | en con
2186 Ang| E§'§u$%lacq rfirgif eangd. enem@eit fegieng| afsthe Heerticgl Feasiger. In

HREICORE bah IpIIEQIOfBGQI dr kg @lrl&%la%s‘l gRasiises shitcd B€a drain reglon of

tﬁ%géﬂrp%ﬁ%ax T éﬁr%}fef'w @@ %?Qafﬁlfeé age pﬂﬁﬁ?@?ﬁ@ﬁ“%?f@&fﬁﬁ%%@ﬁ from
thd StHAOPABO 6I2ETTHE ;:JR&HUSNWGS/'D&O@HSM &r@ﬁé{ﬁ]lzcmwp&ra)és one

B S8 DA G L0 A SRS A Bl AL
corrp[ﬂ‘_@@}s t \iimchi U-sbamed 18102 ,conttiuchion hae tse hbstatped skdp surfaces
455 S 5 G ok S S BRST, o -
sameémi@rb@mmﬁmr!sesewmckm»baqkeuﬁharwdran‘éhmr\ﬂewtpamsl having a
cbﬁﬂfb?l' SluRleS d?zﬁr@aar@lr ﬁatée%'cﬁﬁﬁ%dthfer%k Q8 gaépf?%{bs%or' fibw B&ns in

di rection by the oxide-ti secon

bt Heshagech pitay Pareeiiang theiseurser drinnandsgriecthng baek-to-back transistor

ﬂwrpdtnsmeaa&mgwe@i ;ﬁl%?%biﬂﬁ@ﬂofdﬁé?ﬁt@ﬂﬂepéﬁh% 6f e@)éhbﬁ'@r The
r wordljne trenches 180

bR {araacs A stuiquapats 1§ 4368 USbabe el Pel g fedendant fow paths
ofSbrd earRisporprarsioh®a8s.0f the devi ce 100. The

di el ric layver 1902, 2000,
ot afP1al] S M R Rislont e Geihverie. QPR oGV I Iefiside and
rigiotr sidié s@rfdces ot thelBRAzpdiatvanskes mrotrfston 4D f OllheCibﬁBIdte)end right

3 300 h f,i .
=5 talt®ot, b8 i B5p A ety 2 3 MPeR ey i o
wofdline ferghed 160Gt Tm&smmmt 4 64ch matinsidys inyont Iplner dgs icargent does
nbtl t‘éﬂﬂﬁ@%oﬂ%?é: bt {HSCU SRAPER 1rahERr HrotlaB $485 O rhd HaRtlstors, in an

I ncl udes a galr
embodiment, can become fuily depleted.




pillars 1802 connected by a channel base segnent 2407.
Each U-shaped protrusion 2406 includes the source,

drai n and channel regions of the vertical transistor.
wmzoopersyiicul ar, each pillar 1802 of the pai r:Pots2005/030677
pillars 1802 forns a source or a drain region of the

t rang0s32pr . THeendrdlings 200@mgiouda G cobpan aft @shapee t@Ensisars. The

o Bl o e fergioBoe Yok 2B D bl Fpgine 2000

iz tparditegiorone transi stor protrusi on 2406 from anot her

tr an?(tfs%?:a Oa'hr L fAnetf Ofe | s@cérﬂ]etr% k] fz%ﬁtlé Qg?lpe[r (ﬂia%oﬂhe third

Each Iﬁ) ar const ructi on
if

trenefe 186, ﬁa@ﬁ‘@f HEGNsy 150Q/\J§rdGPP¢TéhQWféﬁ@f$t reuy, 80Por m ng
a t weoiafled 1§ Ui QuibddiRhe ﬁqéaﬂa %géh 8§@C|B ﬁﬂeds\hﬁfp%’e oxide-

pillar pair conprises t Wo

cOPadIGS oreril § p@?h%%ﬂ%dﬂtwa% 12@%%&46%&#0@9 ‘aﬁ'déi'??“ta'“'"g
n@éi@heﬂa akeo, aﬁamw tréchbreol ﬁ farchagts the @m&!——ﬁdtﬁmﬁd} Material 2300.

| h N
b, o 0 L B et R RS B FRlf S
nesdriEs, the seaarid ﬂrbrs:halaed |¢)ﬂl|ddaW|trpamde-dmtmnhg OWBI&HI eand the third

trepgnquéqj%n 1!@?5 éj%%poa 009 aﬂ‘fr‘ wg%?‘ah bﬁ&ﬁ‘t]&%l Pt%ﬁgssmg steps could

nsi s in e
réropve theduindeontiinow matetiad fropf therfirstt ﬂr@m:ia @ﬂ@nd flil the first trench

seb%wsg %ﬁn&%% mdiBlL] 2NN b(ehfﬁe AR égs@aswm fe ect to the

active, the current I stays in t side and right
egbediment biiawess2-BhBeIWshaped transi stor protrusion

2406{01-51313 | &fidurs bé Rludinsted b@é‘bmb&hﬁh@ntséfrtﬁé‘ﬁﬁﬁsléi&r ﬂ*chrﬁ the same
U sha transi stor protrusion 2406 e defined

view @%Pf@rffsfvﬁ?%ﬁﬁ%@rt e WhisR dher gafs "nerwea% PR {ngt éPO\@@c@?ted'Y
c@ﬂid&tssmaxéSum@,deregioaaef thé hengistor trug@egzmmateat:waﬂner While

RN P
view, the dsightedf etk gat Bind\Ep2R @OOR &7irdicREd bySRE0S! 0B ETAT4, 2416.
321 T
E%_QHS' ag I]png dﬁﬁ qu c%?es tge?.ﬁgﬁqwgir tﬁg g"?rd\?% I‘dﬁﬁ@étrt%cei‘tn%qgo.
1800[Gi8phr atTde tmnsstvmpt@truslm 20W0cdmwiveaa ditsh siticanopilHr i26@0 and

azs%%Qnd s cémglhéﬁ']_%gge&hh%g o L?%@%gﬁér{ﬁﬁﬁﬂ?sﬁ%ﬂh’ﬁ? Fhor ! BSch of

ond tren
pm&@(ﬁﬁoanaﬁ%f@aaan nt d@ne@lrﬁmrcpswmrsgiq@ép@? ummmwtmrﬂon of the

pfl]érr %J:th%@%@vnl?%isec[ %%41] ?flﬁla?@ﬁmgﬂb Bidied 3408 ddd"BE heavily-

IS fl oxi de- “contai ni ng
dﬁ@ﬂdeﬁegt@n Oéeﬁar&ﬁﬁéb@'@a&ﬁweﬂr@%h 1200 is filled with

“the 9’("3?500 amg %Héu&gr pnﬂﬁ&ﬁéﬁ QJLOG]f%QQer BRritdes libpdadegion 2608

trench 0is fil h the oxi de-cont ai ni

thahestends fromdhe n+ %P?%%lq“ﬁﬁoﬁnth%@!“ e C@P&Sb‘?ﬁﬁgﬁﬁgmﬁﬂ%mm:
td thbSdopbd e&fidh 241a, wgh kidH @shedlireionicbos feicerattaibeipld The doped

th t 00 filled with
S AR g AR S ST R TR h 1o trench 1800
is f[oM3eH wiThb m(lddﬁe@dmajer’drmg regloar 2604d of\dt tfirstnpiflar 2600
g st emove t e ¢
oRRERT R o G el PitirEera R0 o e fokp e Rl Rp2trougn
therdsbapedd®anmel 260& Thenchaohe Vengtradiehe ahnsisier iniHe lefgdh extending

' r 10 L ment, .0
fr g%@g&e@%ﬁggégzééf 8#4 QO 5%‘?193%%[‘8[]:1 rebf%ﬁ 2&{@99665% 1ﬁhe fJ-shaped
Channe] 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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[0135] Figure 26 illustrates one enbodi nent of the
transistor fromthe sanme view as the first

cross-section, in which the gate |ine spacer 2000 (not
vameosnd2sgat edl y  connects the source/ drai n reptons2003/030677
the transistor protrusion 2406 to each other. Wile
chiacgadtes bf he deyias ean R0BMudnsedby thehgpenofimat&iiaintdiz&bfor pillars

A S4B 4 k008 Bl g e
utiizret éot the gais lidSpbcerZ2008 and tedhickhass nbthe 414 link spacer 2000
|t SR L PFeiobl O kohendltiddsdlord! 14 18 dobBATH croat

1800 ransi st or protrusion 24 npri ses
charfniet end sadurce@irﬁlplrﬁwlaﬁs Qwothﬁ@ eigh s?é%n@e%ﬁhﬁ%ého‘fe In an

@Egévﬁ{egggﬁg ﬁ’éi&ﬁ?%y%ﬂ 1@4/ lsI BSp&f‘ﬁ)n&%htebé‘)%?ceﬁﬁé]ﬁﬂ‘@@:ons prior to

["ar s has an_ n+

PESEFIRG tﬂ\eaﬁemlqoequsc?f qef\pcgﬁ ng ryé faﬂgg?r %lpqqlraqutOWetSRguconductor

sgtbétﬂaw l11%\ﬂ.§|, Ropdactoh@aat |sputejpetn regioranincdddiichhiagro@Beilg steps
eln abe

aberd e 835t SRR e N el SRS gt

spiseirtateli$1DiE 2ixd bumbétemoumaju{raus eagiensdinpaiitioad)i m‘nceﬁsme steps

PbeSa ey ST oo s DA e
ug6gany swltahles:lmping @m@éﬁﬁ Begi asn fop eR@TPIBdPE mmtﬁt@ﬂ@ d*ﬁfusmn
The g(i‘ r%tés%d@eﬁgié‘rﬁ@rﬁ@@dﬁm@ﬁﬁﬁ M infdntibR&nd it

tran e n+ doped source/drain region
is2ie0ke Uﬁdeh@Ofﬂ itheg tthep inveation 2alen eneswitseess Vatiouh npgrlfications.  For

m‘%%%@' lﬁ@ %ﬁﬁr‘ltqg;?és”shroﬁlg 1R iR 66 @bn RS SAERN fhidlvE k@ khe shown

rou haped channel 2608, The channel .
eméﬁrafrﬁntaf T’?Lﬁeaﬂ PhifeinslyRg rqaonsigan| érfgmﬁe%@t 8RAPARYE opRtivity
(I%O W 1§Fe)dfedions,! @tﬁl:l %v\%oﬂaet Fy®e Uegiehsl icah her egiverted? G0 6pposite-

'{H&'F h the Qé channel 2608. [0139] The channel
coppycvy &he- Orty

Or\She devi ce can be influenced by
tai | priupp t IFeueo pailusicaias anteadiy amsy 27d0 tiygidstedbas grith other

he chan th. Add
 oheiolRagoRnostar cansPteERTI R 7 R SRS 2rre.
The addvibsisignals 2694 sélectiopper aforeratearonatallsin e menofyarray 2710.

T@%1 lg'a%r{l%r | S?Pl 6289 1S er KAk P%Fybc)ilétg fhalt %Vétﬁl%d in or retneve? from

rac are influent pe of
thetmémemy@mag27tthe gate | i ne spacer 2000 and t he

t hi Clédﬁﬁgf ofm Bh@ S¥oBinlehf@he RAG RS 20RY- 27118144 Y dynamic random

Pr ef sem conduct or substra e 110 i s doped
agepse nmn@y (@R&Mh eln ofbrr esehodiseents Wierneragyy gAY gf 1GMay gomprise

allife %ﬁé?){ of %ﬁoﬂﬁ&é‘\f deQ%QCI@QQ\é%tldnﬁbn%}y SreRfH Membry, elR@nded

epita | ayer to create source/dr
IR RRTHI opensed gtz B8 ORI BRI CT A BB VB, BRAM
syeAronbis aﬂ@iﬂ]@Fanﬁﬁﬂﬁ%bé&ﬁhem&rﬁlQSSRm afvdbketdaia rate synchronous
substrate 110 is B % EAE'BSOW e/ dralér]% r%nﬁns q
oy a0 Pos5s SuaBaY G DE: SRRAN, SMSEEr A lfk, A Zancom
acless mdiesty 3BDDRAM), nvideof rantidraraceadsodement (VRAM), rambus dynamic
ndu
rag@opc F%ﬁs epeépglﬁﬁﬁﬁﬁﬂ? é‘lé{?? Irﬁn&ﬁ?rpeé%cés% flenid t(glééi\ﬂ), flash

sin'a processi ng
rmefriogies tdr@ng pibier geepy esknowpdal thetasive. The

sem g@ﬁQ}‘Ct %eqﬁé% 230 #38 !ﬁ@ﬁg&?%th &iﬁ‘ér'é @Bé{s of electronic

sui tabl e dopi ng pr ess, such or exanp I on
cirguiiiva?t 12t i Byrwayr ofdixpinglei tm elecironic circuitry 2712 can mclude any device,

which accesses or relies on memory including, but not limited to, computers, and the
like.
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[0141] Figure 26 illustrates an exenpl ary enbodi nent

of the invention, and it is to be understood that the
“invention al so enconpasses various nodifications. For
V2246838777t he dopant types shown in Figure 26PCHIS065/030677
reversed relative to the shown enbodi nrent. Thus, all

of t hi014Sk ypdhe €ginBriers apmprisec by wey taf cexamplep pasessers, program

%@&d BESth¥ dubstrdtd cnfi g@raﬁ&fr%er)e Fe@%%t{?ug %ataaa{hg lﬁétﬂﬂ(e,%n%ewﬁurﬁ? operate

pe_regi ons can be conver
a‘&rtbieq i 1 other wyphesimests, des prchaswq Cm gomerise7 contraller
Icird:mt@t r;ﬁb%s@r B'ﬁfmfyy p%de@yorg7é&1érélabu1b8§eersfr?i‘ee&ld""o'i' Pruiti-chip

el ec i,rcuit 12 via conventi onal
BirireesSefa, 0B So% blotobinks oriog wegpiepsssomanicrocontroles

aodithedige.si gnal s 2714 sel ect one or nore nenory cells

inth rmr Vo 2710, e data signal 716, . 0n .

t he foher haﬁﬂdzél(grjﬁczgrelr"f;D égqegtst R%& mednagy 5‘%@& %S/ﬂgcﬁ“d the electronic

FietuitiyeX/d@ dre dmplemieetedesepantelyr. r ByotB@lembddihd@s, the méory array
i f ' n c . Landom

B, Ui op Y, Z1zate ol SallBr T Fir@RgR) ove of

gy skitip t Wi rggoosige thet iliedeerery iagey 2610 camiger implemented in

8 Qtie0Rfet§ W Hevides Spradlts, BRIBYHemdynam c menory,
ext egﬁ] d data out menory, extended data out dynamic

r and I 4 c e s EIOWE RSl strets® trSRINOrY asiay A 6 it somprisesiccplurality
ookl s 40 1 g o
YRR Do eca TR SB0FHir P2 SRAGriovadeods’ Heopposss the adress
LiBIBRAMY, tovitieteity mmmracg @88 roe IRRrof tﬁé/lfét?@%ted RFRS cell 2820.
atic ran
AU BG5S LR v
newerara/typipply km\@mas tligitties. art . [ 0144] The menory array

2710 ‘{Eragr ;?ﬁgﬁe\ggtﬂfﬁsgét{a% § gSHl'bn Hﬂg?n mogy 3!5(%3? %ﬁbl ormed by the

Ci rcul
qeviee utadr y lrlzam._%m!mdlmmJ Qe oarﬁlye @éanscesoz vhiath aerties Semsistor

dggr&%ﬁ% E‘fé d?gﬁ]t m"e”@!r Mltil 029'1'51 (gg Q%l‘l& Og@%bb@%;ﬁ]g& Lhe transistor

OP@T?%@OQ?}‘)%B?W&S[GO@W 2818 (Edreyah essfor enpnpleesa chyacitor, to

Oy a @Brti@?i@ﬂﬁ'n@emd?{z QEASES QLsh 2 TOH@Mp ieog'[ﬂ?/-\l\ﬁr JPE#Sﬁ'nbodlment
ubstrate con %ﬁur ations representin

" ELrIRBE FlgrRge dRkice ﬁ%‘i’a&ieﬁ‘{”@a”yaf‘éma%fé% ?q eraiohigp diliars 1§02 of the
tahsistor hinkotianEag 8; conbt RY13C EBROIGTIMRIZO00 IhbieSted by the dashed

||ﬁgsnﬂ1g|% circuitry, processor circuitry,
ocess general purpose single-chip or multi-chip

m cr ﬂpﬂﬁ]:essmrastypldalgemfaddlmetgrfﬂe mem@(sjaenr gszoerm‘amgﬁdﬁﬂb the U-
ntro an |

F%ﬂgo?éq%%?o?fjpgét?ues @O%{O%E e, C0 tzﬁzg :I)TDEI"V %Pr@?‘“%l%orﬁﬂ% device

2PHy aspdbe btﬁmec29141 oEUPY aWFi‘sﬂxaceanethe mEnee atrag 2710, where F is

SRR il S, ARSI Spob BTN 4 o 0

em@g@méfr '”USFICﬁfQChéV rﬁm@es A28, de smc@rmaazy 5102| Ireduge tthe F sized

fe’#tdreé!\bﬁthe bﬁ@c@&@isi?rﬁaéwat the menory array 2710 can be

i npl emen
[015 0] Fugure 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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a wde variety of devices, products, and systens.

[0147] Figure 28 illustrates the nenory array 2710

that conprises a plurality of menmory cells 2820.
Whede/0ratiory cel ls 2820 are organi zed i nt o cBCOWRW0S/030677
Cl-CN and rows R -RN. A colum decoder 2824 and a row
deco{M51P82Gigareoteifissttales smdtheearabodimeyitat mezmmmaf the memory

aﬁgﬁoﬂg é’néﬁg Q?%Q%Wdyﬁé;& gdq% %Wtag\' fgrf tﬂé ngqdﬁlﬁlésfc’f‘dfﬁﬂad'e placed at

ﬂmoaltarwmatan@mpf theecalionmeooi arisistonn  listhisoerdbodireentadite whigllines
Zgﬁy\ére%ﬁeﬁ\X@fo‘F ﬁighé{r |Kt'%§¥§ﬂoﬁ§nti‘}ihgie marhdl§ Srray 9381 Figure

['ustr at es on o e menory array 2710

f or rEY5Bly t Riguregesgribdliugyate angthen emheBbaPiedia PO@W%“ fra memory
aFrQ)ﬁ 2?’16 E&ﬁﬁnsjr%()@or@ﬁne%a@iﬁlovemé ﬁa@hoﬁyréﬂ’bg' St furtﬁ@ﬂ&ﬁﬁﬁrﬁaes a

the oth

I ne or
PHF%"FYa?f t%é??zs"?ﬁ’d i“’l‘fb‘i‘sttqr‘ér?sngt o‘?a‘:h ééﬂﬁ'ﬁ’é@( $29% Cﬁmﬁé'ﬁ%sr o silicon

pHARI T2 fANed as 2RE&ibed) aboﬁécﬁi’cha@spécol‘to exangd 6,14 The first or
forma nmennr

S8R pabhoule e R i Ll BolR B S B Sy gicon

nitrider dhe wabeline FerdM11306 librmedad descimdvéihtrespest onfdgwes 16 18.

th ' _

e, b4 g B Yok B4 o v
‘ 13%hﬂeﬂje warglme it 1800185 il in| nget%|mmlective nitride etch
Ride fsas FIRPPT ) 1Rl !ne%ﬁai%w HeRBREGSI Ng the U

e
S ape trans stor” protrusion 240 the contact 2912,

and iﬂﬁ@]rrenﬁfter tge @ﬁ@g@ved@tﬂdéeetcfwmve%ﬁw pifrideremi the shallow

tr@%”eooo%lﬁblfe @leﬁgfﬁlcsl@éﬁ% foPmbd) B BRD &Mt YR Y 084 1Qdep091ted in
m ni mum print abl e featuredf

E
f“PH\?f‘EJHGFFSP‘éH%OP Al "FEG'&)‘Q | e gate '8[?5?5‘& Wé’ﬁta}/so forms
~ inithé UsdlibatiRAch god:i Buries, the e W@se 1904&@:%1@ a@ﬁsutédmhe shatlow

w4, efatee b Sianpy 3Ehth 8o § abie et Peiording onen 1200,
thardepgsition b thearmpe lagerri@Oa fillpiha shdliotvireath 8@0.dl i nes 2000.
Th i 2 t t t .
ol "R <A nf b b MDA Wi 20
recesseatite gate haghr ﬂ@@aie@bategl o theshaovotrendhe30l; bethdgpeschot remove
thE %ﬁ%ﬁ%oﬂh%ﬁ éi%n&ﬂ%re%f@@od n the device 100 provides

act from above. -23 WO
200@0@3777me0&0@@#@%@ degquiberd Jn Figyrase2323. The device

md i %&&fd%&%n@@@éé&?ézmg'f&ﬁﬂﬁ ﬁaur&m m&arfaucﬁ\fe L 2200 is

nory arra he wordl i nes 2000

fomaeﬁ iguge ?%rameﬂ@vl@ﬁ1$/%§ pi?@@'('?eﬂr(@%'leé’@éd at the

al t gbieyyi NOR&GBGRg Ob H@ﬁre‘?@bumésmﬁfdhhé B Stofhéd Bwthe above
this enmbodi nent, "the wordlin are patterned fo

PrRIFH éi,eﬁnqﬁ%bqggqrrséﬁpw pﬂiyﬁhqqq@a;ﬁslﬁﬁrﬁ@pf yejmlstors 3202 are
-sdn%Exﬂ%d & Wé@%ld@%b?&hé'léd@h@ﬁﬁp%dm Reer Sﬂilmd’bﬂ‘ﬁlﬁ? ted three-

| array 2710 conprising wor dl'i nes
rroq:pfggeﬂ%%g%ﬁ 29710 further conprises a

pI urfetssly oigird r%an&ndmi 4 c@es-badtion ®f #i20d-shiged) transistor 3202
_ tr.ans tor 3202 ri.s fl 0 | 1.ar.s

e YR A8 st fRiRaTEe R kil The Bl ab omprises
thaﬂaiﬂof S'Elioenfplillafst‘lwﬂ 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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shal |l ow trench 800, however, is filled with a
nitride-containing material, such as silicon nitride.

The wordline trench 1800 is formed as described with
We30ee187170 Fi gures 16-18. [0153] Bef or e f or mrow/uskmes030677
gate dielectric 1902 and depositing the gate |ayer

il f4painot pitarsdBd? bpeha pelpsiicondide] staiiow|ttanslh 1880.e Each transistor
Shay %83‘%?8?@%‘9’“%5‘9'?{"F 550 BHL o ERRR R eh Bk 1200

[ 0154915a1 t erintthge iliyetrated ereodiment, @ecteot hillargniP@hastee p+ doped
thrtc[a)dﬁja‘?n FEROR s ﬁﬁﬁérlln%\' pdrﬁcﬁp&hwé%l'art Hifie ABSistor 3202 further

dielectric 1902 is , ate layer 1904
08@96%5?91 YN goped F@'%ﬁhaﬁ ‘?’ﬁ%‘dtsrf@ﬁbwei%‘mpe%eglw stfmedt"&ﬂ 1802

tb thd-p9 Woped Jegidh of &af 6thet BlISCiEdC RO worine F2001® indidited by
qIhl,lecﬂslhal |l ow trench 800. Further, the gate |ayer 1904
P8"eH 'S deposited in the shallow trench 800. Because

t he $mmloj ow Higueacah iB@frates zmafcrs@xsebtuohhﬁhthbhaemwdérrawezﬁo as

R EPIRYR echiand Bimer BRane BG05% o BBRTHE 1Y Blamey gray 2710
oomptlsk&!s gjjiebe plllarset8029 The snlicbmslllarat'iédz are $epgeated #0m one another

?eﬁﬁs%ﬁgggﬁ&ﬁﬁ&& thUE" 14004 ?ﬁé"’%’i[ c‘bﬁ‘d lé‘rst Wgozshﬁéoﬁr‘é’ferably

does not renove
approximatadn 419 dwiot 5%rw-®®cand[roqrsaqrefer@lyp4&éstg 480 A wide. The

n?émiry BHEY 20850 APHES b&%@@hsbg el Gate SRtettnc2foo2T i \Q@ru!ur%eszoo and

I.s reoxidized spacers 2102 are fornmed (Figure
tfﬁsondpﬁ@eétsm'ﬁw&a Yer 2200 is formed (Figure 22),

and tmqpevmge;rel@@ lll@t@{e@r@uo?se@eéﬂah%frtﬁeaﬁémor[yoér%&] 2710 as
Ref rrin rdline 3200 f

ure
Bed it e o BBy e &0 & Eifuet 32 150980 "ppYCe epctive
stabpend wer fad 2E8venidreet I NS 1 B&W lBisBRAOL tiad Epartallyy poipslisdn-filled

PR TRt hrel 2R S0 oo ORI DL S Fra R |ipcS00. e
bakef. 3500 k5 8he Bhgllmetrél&h BOQ sitfiress etbe mmro&igeSQ‘CMBdmngf of the

5 PRORAE 650 ofnerondin) PR TRARLE B Bl ar
18@hp T he ekjcon pitarp 4892 eh‘e @&ﬂarademfrgmldnamo&@oby thehexide-filled third
tr@?férﬂ%éd | Frﬁg oQﬁﬁﬁuuéd %ﬁr%htrér%ﬂovaob%nﬁﬁééé ﬁ%@s*osgo%gc Br #80adder-

and the substrate . The shallow tren

sanegrgaie Byeme208i eT"@dP?'F‘@WI aagﬂ@r2?1@@-theaﬁ@mﬁi@3fih¢ palg dielectric

1904, fan&fh%@aa@ct.k/@wépp?r%q&rer’éb@o sections of the gate
rallel to the plane of view are

| aye 00 at a
i nél L‘Hgéﬂ bb"%ﬁ gy |°f Hissinvesgipy §3%P9¢EP‘F &} Bum@ieys Agplications.
Fbhéxdniphd) $he inGérition %aﬁ%e vER&IA for ﬂohﬁihg bﬁ@i’rahﬁstbh ®nBabpadibr 4F2

802 1S, se ted fromthe othe
D&If‘ﬁ)' WHS 23‘66’*736%'?“’7? Magsy 415 ‘ﬁé%g"?‘f can H?et??@S@'arE% E%%ch"““p’"'se
viticdl HIRAM 8diZedhnotoge. Dobmsnsklstonmﬂia‘rlcbhmad:tﬁhalcéIDMbItage Iﬁe'hce toa

<300 PSSR oy R0 RS, LA e e
aligheg teish trammiston theshelaegidn enbioaitaresTical eamrbefd;farrp rdgicmrmllars to
o YAohEe  FhB el W3R aV\EQH\EICcﬁ#PEQBJ&% | Oy o @Brdli%ez Lsistance,

upp errmst portlon 0] e transis
Beeauspadhe Wehinped dwssigiar ﬁrotzul@p@@ 2fQq comprisest twexd-shaped surfaces

tr'fa[ SRArbNE cHNMBA RBOrcEE i) Rk g{%ﬁ@ tRé lchif bard $Q¢e récﬁm&é}ﬁ:ypa‘baunst
%_g d region of the other pillar 1802. The wordline

aKls PIORlEMSat ed by

[0163] While certain embodiments of the inventions have been described,

these embodimenis have been presented by way of example only, and are not intended
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dashed lines. [0160] Figure 34 illustrates a
cross-section of the nenory array 2710 as viewed from
the plane forned by the line B-B of Figure 32. The
Wepn96/928817r ay 2710 conprises silicon pill ar SPCBO22005930677
silicon pillars 1802 are separated from one anot her

tpmit e snopelef thel inations. rlddeade thehnov8l0dethdtireany bystaoms described
hgf'errl fHa %SQ% ' §fv§ﬁ@r§’|oy ogﬁpﬁ’é{%' i\[ﬁﬁ]gllr%é%l%rﬁué Qmissions,

nDre retera A w de
S?‘Pﬁé"l’““ﬁ%ﬁﬁﬂ%ﬁ"@lﬂﬁ%‘%ﬂnm rm gf wﬁé@eth@\wﬂ Sesfemns degfiiped hereln may
bl rRAdROitHoGt ée%ﬁ%m tfl"tﬁn W Hirkt B 12 Gbntiahd Tﬁ@ﬁccoméaanymg claims
conductive stra er 2200. [0161 ure
ang Iﬂﬁf‘ért paHiaents @ o@&e q B9YER FUSHh orRg ICP%RPSZEFNOU“ fall
within thé Satipd aﬁﬂ@ﬂhtdf@l‘ld)ﬁ’lmmﬁ.@r med 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 forns a
"rung" of the | adder-shaped gate | ayer 3200. The
bott om 3500 of the shallow trench 800 defines the
| oner edge of the "Yung" of the | adder-shaped gate
| ayer 3200. The nenory array 2710 conprises the
silicon pillars 1802. The silicon pillars 1802 are
separated fromone another by the oxide-filled third
trench 1800. The oxide-filled third trench 1800
conprises the "sides" of the | adder- shaped 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 invention can be used
i n numerous applications. For exanple, the invention
can be utilized for form ng one transistor,
one-capacitor 4F2 DRAMcells. In particular
enbodi nents, the invention can be considered to
conprise vertical DRAMcell technol ogy. One
transi stor pillar connects the cell storage device to
a substrate, and another transistor pillar connects
the digit Iine to the substrate. The self- aligned
| ateral transistor channel region connects vertica
source/drain region pillars to one another. The cel
can have low digit capacitance and | ow wordl i ne
resi stance, Because the U shaped transi stor
protrusions 2406 conprises two U shaped surfaces that
share a conmmon source, drain, and gate, the cell can
have redundancy against vertical axis problens.
[0163] While certain enbodi nents of the inventions
have been described, these enbodi nents have been
presented by way of exanple only, and are not intended
-25 WD 2006/ 028777 PCTI US2005/ 030677 to limt the
scope of the inventions. Indeed, the novel nethods and
systens described herein may be enbodied in a variety
of other forms; furthernore, various om Ssions,
substitutions and changes in the form of the nethods
and systens described herein nay be made w t hout
departing fromthe spirit of the inventions. The
acconpanyi ng cl ai s
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and their equivalents are intended to cover such forns

or nodifications as would fall wthin the scope and

spirit of the inventions. -26 1. A nmethod for form ng

a transistor for an integrated circuit, the method

conprising: etching a sem conductor substrate to form

a Ulshaped msithadc v formingra pansistorafed ast istegentede girgtls the method

sur.roundi ng the U shaped silicon pillar pair, wherein
COPRESME] | i con pillar pair conprises a first pillar and

a second Rifihah ERRNBEAG fibstatt (€ FSH a2 (J-ORdPed GilRon pillar pair

first source/drain region in the first pillar; formng

a seodndcteduregiindraumoundig dhe Urshaped sdivondpifianl pair,; wherein the

form.ng a.gate line.in | east porti.on,of th .

et o RULFOP 2 eir CRRGREP A T 200 2 ponsd ¥ sepgyiied by & trench;

partiall yfoﬁﬂﬁa@%tﬁfgtssohfb%/dﬁ-diﬁ aloi@d (RESAPFIIAE! | ars such

that a portion of the gate extends substantially

per pendi dotmingtasetdrd sburn/dinin wigemain the $eeorid pidar;

source/drain region, the second source/drain region .
and at | JAETIng aEH B RcAl 1¢GR PTAIOR of FhcSte s Fpgons, Wherein the
U-s Egaféﬁﬂmetd't 031 SRAlly RRSuh®y it Rkt and8ERhd bﬁ?é?d’ suglg 1t 8 portion

gat ne and performng a self-aligned salici
pr oadshe @atet brdemist aibsthatyadly. pc2pendivelamet hbel tehclClheharein the first

further conprising form a di,electric |ayer on the

U- s ApEE deih Fegion. 311? P%?Pnﬁg Sooqtioin e, mbLtleas GoRiigh of the
of t %ﬁq >kl i he dielectric |ayer at

| ea {%p}gltretl a F)@?%a?r@%g%@stﬁléh%i rst and second

pi | | ars. femihjgea mudthlobyeaf oCithe gatt Tink tahé rpecformingsd ef-aligned

filling at least a pori' on of the etched region with
an &2iiade pgRessicRithym Y¥tal . 4. A nethod for fornming

a sem co i . S NG . th
2 SR, T o5\ | W EUANRL IR s e on
U-shapedrisitiotn yéllavrpairs withinr #itleast et witiiog of tiseetolnal sgionpfvherein the
.trenches to a second depth info the senj cgnduct or
dicientiag layerat leapiaragtialyrsieronndsdhe é@f angkseponRigE: i s

subsit ant il | t :

2o Sney Tk ] 8 Ll P, SRR S 8 el o e
etched regfontwighh ahesidedcentainiriganatatiatl y spaced from one

anot her within the sem conductQr supstrate; etching a

thifd se? Bethpd é?rcﬁa@%mg@samtqqp&aﬂ%rélﬁmq ¢ greflpd comprising:

sem cond S tyr.ate, e .t t hifpd;: set .

trenches %?éh%& Bs h gsr? t J|egI()I?ytrégﬂratﬁ‘%igo 5‘{]0 Ra Fstt O&Pﬁg u?lg r's ? Emic,cg ?ductor

of tstigsh@atees and to the second set of trenches; wherein

the first, second, and third sets of trenches define
an arr ay Shing @ peqopd setyofdsenglirgitn g sprondzepth pfnothe semiqeaductor

arr %Mbs?{atev %E:Ile‘f le%r&&ted]ﬂ}eﬂ&neg ii n%}.ﬁ)@%ﬁﬁmﬁl&ﬁb the second set

vertical sourcef/dralin’regi ons; a
of trenches, and wherein the first set of trenches and the second set of trenches are

* alternately spaced from one another within the semiconductor substrate;
etching a third set of trenches to a third depth into the semiconductor
..substrate, wherein the third set of trenches is substantially orthogonal to the first
- set of trenchés and to the second set of trenches;
| 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

27-



formng a gate line within at |least a portion of the
third set of trenches, wherein the gate line and the
vertical source/drain regions forma plurality of
transi stors i.n which pairs of the source/drain regions

are connegted to one another _through a transjstor
channel . Hrmmga gaeqsyg a5lAs 3 REioB: of 1D éhlffi] pgtpf trenches,

dept by d. S0 : L sit . :
tho DnSealER thg 3y e ool sou Rl oo E o A Hurality of
conptiarsistgs il Whichgafit of $heSburee/Aniid fegiond bird dd@nedtéd ®tone another
set of trenches wth an oxi de-containing nmaterial. 7.

The tﬂ?ﬁlﬁb@tﬁﬂs@%%ﬁn&df urther conprising filling at
! ea? a PR fngﬂloﬁfoft(ﬁlgigil T4' \%ﬁérﬁ.iﬁxe et QIEJH% rgglgﬁq%%g%@tﬁc]tr}hﬁl the first

conducti ve gate mater

debtly dnlddessabampth sédagd Hepthi ng at | east a portion of the
second set of trenches with an oxide-containing

mat e¢i al .Thg mythed e Clda Hforthearemprisips filing at feasyapertion of the

fspd o F OIS B G B R Rl e m tho motal |1 ¢
| ayer. corniiel rhethod ofEladin 4 Sirthef bétBpristdg fillg 1 dds04 poiftion of the

Caim4 wherein each transistor conprises a first
firgiongt elranchesvitle g comluetieacgats waterigl connected to a digit

i ne, and secon ur.ce{ drai n _reaqion lectrically.,.
connbet ed Wanae ab f i Ml slitdte §5mE R 10 pion of the
- se@indGeedMrehchbrarigh sh dge-bodtFhing@hat@ialt r enches and the
second set of trenches are etched prior to etching

t he % hi r hoanetbod of élaimed whessin fhengate bide ompfisasra gaje glectrode
pl urali t% ﬁ{ﬁu shaped transistors in a sem conductor

Ly 2ads py ¢

et hod conpri sing: separating first and

secomd piTHeamethell sFachik ®RARAS HhARftALONaRY Bmprises a metal
plurality of first trenches; separating each U shaped

siltdidgnsi st or from an adj acent U-shaped transistor by a
plurglity,.of second.trenches that extend deeper into a
Seni ond RBoFLHa el s By RaNRORE Rl (i anrSe pagnptsds % first

soMe8 R 1 S86aABHIy BRGS0 Bz e bADh isédond sBacakitRh region

to the Irst trenches; separating colums of U shaped
electrivally sormestefdyo amsmernstotage déviedai rd trenches t hat

tend d j ' trate t
Che 1 r stTR FESHEAHLE! CIRR AR R A 35 OF RefBRo e g second se
of trBfches GRNELHN PRGN Stchdfthe 28rd dek bf théhchéye first
trenches with a first insulating material and filling

t he 13secdndmethedc s foiming aas pbwalityi of uUeshapegl transistors in a
d of.Claim 13 further

Se R T O OFIRPHO LIRS o1 11 con
separating first and second pillars of each U-shaped transistor by a
plurality of first trenches; _
separating each U-shaped transistor from an adjacent U-shaped transistor
by a plurality of second trenches that extend deeper into a semiconductor substrate
than the first trenches, wherein the second trenches are substantially parallel to the
_ first trenches;
separating columns of U-shaped transistors by a plurality of third trenches

- that extend deeper into the semiconductor substrate than the first trenches,

wherein the third trenches cross the second trenches; and
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| ayer on the sem conductor structure prior to
separating. 15. An integrated circuit conprising: a
sem conduct or substrate; first and second U shaped
transi stors fornmed within the sem conduct or

substrate, the first and second U shaped transistors__ .
separ at edfibipgathe ifirst trenchee pvithhafirsteinsalatig matgstal and(ffling the

t he i . first and second

0" SREDERARHEL Oy T VRbA BB BZRAGEL cnch cha
separdt esTHehBethbd S CGlaigh $8 daritkr osipapiag fhmaagisat gitaxial silicon
fromthird and fourth U shaped transistors, wherein

laygs endbe-tsmicandeetensteseiusa agor etsepargting. seni conduct or
subsigate i .oner than the first trench. 16.
The Hlt eg@g{ﬁg??%g?%#ldtlt ofR Slé\‘%‘m 15 wherein the second
trench i sy genviBsridlucide sulisteiech. 17. The integrated
circuit of Caim15 wherein the first trench is filled

with an st ged sevendi Wishgpedetransistars fargnedTwishinnthe gremienanductor

circuit, of Im 15 wherein the second trenc

conpip8ud 5% Bl pohRt PthangficFRERES soratie oo st gronch that
C ai ditekids deep@ intd e SEMICEARRIE ! RbstEHO Thdn2tR first and second U
conprises an epitaxial silicon layer. 20. A nenory

cel | shepaddrangistogs; and semi conduct or substrate; a

U-shaped transistor, f.ormed within.the semc uct or, .
Subst §at ¢t EHae Ben 3 Foprik sl G e B 4 orRi ppsistors
Pi || dm MK MdSBEARNY-sHapbPiransivis, Siikrdil el debSid BHh extends into
second pillars are separated by a trench that extends

i nt che pemisenducton delstrote and ishdialewer, than Gatiest|tieneh.f or ned

al o oppesi.ng sj des of U ed transistor . .
aher - rinG i ealed st of L BnERERyhEREhEd Brigh isa wordiin
trehen.t he trench; a nenory storage device, the nmenory :
storage device connected to the first pillar and is
abovld. t hdhkiintsgrated|diranit ofthim i whereinithefirst krendli igiftlled with an
line connected. o the second pillar. -29 21. The
Oxfdgﬁ‘iﬂ’mpaﬁ“a aim 20 wherein the digit lineis
abovig, 1 h%e_%ﬁ[@%&%ﬂ%ﬁﬁ lof $YRAT 15 Wherehitthe SEEIRIERNCH comprises a
cell of Claim?20 wherein the storage device is a
gatedpmci tor. 23. The nenory cell of Claim20 further

conpri si a_processor.in. £o ication with the
megﬁé‘_y cél ‘ndsjrateg Gt of ¢latm) 15 i f ssiqnipgr substrate
compHds!'adl ePflaxial silicon layer. |

20. A memory cell comprising:

a semiconductor substrate;
_ a U-shaped transistor formed within the semiconductor substrate, the U-
- shaped transistor 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 gate line formed along opposing sides of the U-shaped transistor,
wherein the gate line is substantially perpendicular to the trench;
| a memory storage device, the memory storage device connected to the first
pillar and is above the first pillar; and |
a digit line, the digit line connected to the second pillar..
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an insulating material, wherein the insulating

materi al substantially fills the trench. 25. The
menory cell of Claim20 further conprising: a
conductive gate material, wherein the conductive gate

material substantially fills the trench and
el ecdlki calhey meooeceel of tGlainh &0y asherein ribe &gt lme is above the

sem conduct or .structure conprising: a plurality of
Se%‘foﬁlﬁﬂgoroﬁaﬁjﬁq%?'r usi ons, wherein each protrusion

ext eds OfHe m&hor9 ¢S BF CRNHAVOersil RRIKGFR @Rbelifg baieRor.
a source, a drain, and a channel, wherein the channel
conpd3.sesthe Inzenerpl cdlr ars Citimr 20hfinther  camyirising @ processor in
plurality o rdline ps separating the colums from
Co'murﬂ?ﬂ??ﬁé‘?{htﬁ%ﬂw@%?%ﬁal ity of spacer-etched gate
l'inegy f OVT?FeQné‘ih&r?'cBu EP@IaﬂHQ@'ﬂn@t%r%ﬂﬁﬁsingaCh gate
line. at least partially surroundi ng one of the
col tnimsulstieg enatetidle wgeten the rieswdaimgr imsesiaponbstanistpnfills the
eglg osi ng sides of the colum. 27. The sem conductor
tr ucture of Caim26 wherein each protrusion is
sepajsat edrbham Gy cafbACHIth 20ty Shid idifig:one of the
colums by a deep trench in a sem conduttor substrate
s uppoeonidngivelpatephatedlj wherein the otrrdustiengate 28terizhaubstantially fills

sem condquct or structure_of C aim 27 wherein each
thepﬁr%ttﬁ%aggsﬁctﬂ& ?qngefgswfgﬁéﬁp%@&e B¥nstruction with a

firsis pil 51010 M-S RbdbhAtinet he first pillar is

separ at ec‘fl?e?%lm t ueosecon ep?‘%ﬂ}‘jarm%y a shall ow trench

and t he fa plstalipt 6fl @iurs afproeuti@d, tvhereleeack prondion extends out

pillar by a channel base segnent. extendi ng Qut of the
seni¥chdtRicopdustiistybsiraic 29 inpRhidess @nfQuisd dc ligin. (i & echannel,
of . . _ : . . a
fir (sq{l?eg%%ra%e r é‘:?%&?@gﬁ%éﬁ%%l ??ﬁ‘gk@‘g&’gﬁ‘gﬁﬁ ar
conpr i ses gumtitofova dliccgpsl saparating ghaodolurdhs frén oat hasther; and
of formng a nenory cell conprising: etching a .
sem condicPlyraliéy, Bt spaseieetelpd: gitenlines famst voHEn the wepdipe gaps,
trang . ' Y ' fi .
s1 aoict pae rnd R I ARRRG o BAAZ BB\ B WS the gate
Si ddinecomptissportiche onbfpddihvidadfshy dorkasn. wherein the
first and second U-shag_&d surfaces are substantially . .
~ par &/t el The iemizosdagier strpetpesi ot drlaigbrfr Whersy gach. prptrusion is
ILCE 0N, - e 1 r al .

sepebliBd S0 B ColoRUBA fp DrR°GP IR SHREEDY' # dBep trench in o
seiRundietod sabsrateagbportiag thetphraigadpeotanionse drain regi on

are fornmed within the sem conductor substrate;

f or #Png Ahe | sesriconduptae| stiucture not; Kdaige A7c Srhetrin ogach protrusion

i kSt - i . .
oo {3684 Qe Ofor Wil s BITAP B B SLLRS Bindeo [l 1% Biar s
sepat@dfrbiehe seeadpillet Bapiediosdnel @nd tedirktqiiNarig codikcted to the

gate_|ine facing each of the first and second
secopd pRBF By a channel base segment extending out of the semiconductor substrate.

29.  The semiconductor device of Claim 28 wherein the first pillar comprises a
first source/drain region and the second pillar comprises a second source/drain region.
| 30. A method of forming a memory cell comprising:
etching a semiconductor substrate to form at least one U-shaped transistor
having opposing sides such that a first side comprises a first U-shaped surface and
a second side comprises a second U-shaped surface, wherein the first and second

U-shaped surfaces are substantially parallel, the U-shaped transistor comprising a
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31. The nethod of Caim 30 further conprising:

electrically connecting a nenory storage device to the

first source/drain region; and electrically

connecting a digit line to the second source/drain

region. 32. The U-shaped transi stor of Claim 30

\m erfgstsoprce/deain Fegiy aseepndiseuise/draspregions and 32948 lipg,gpherein the
f

S t " uc% C@ﬁaﬁ? @éﬁq&{ g]ﬁfjténtg Sk %0218@2&@6 ?.ra%f fg\%oqu%g ®iBled within the

trersehﬁsmdmdtdmsabﬁreﬁ@m conduct or substrate; etch| ng a
set of deep trenches within a sem conductor substrate,

t he set oformugenfist ehnanelswithigdhe priniseriiustos subsgtcalgng the first
%ﬂg ?%ﬁﬁ?f wordline trenches, wherein the set of
[ renches and the set of deep trenches define
a pl ur al ifomingfa Gcohd YBirRBE withiihe dehfcditieP BEhsEHR along the
substrate, the protrusions conprising outer sidewalls
defﬁﬁ@uﬁﬂ§ﬁmﬁedWUﬁ@BﬁW@-trenches and ends defined by

the deep . tren definin

and o 1| JRETOR SRR PEeORE ot sl RS G
deposi t i Nhe Gatieod FH@LinRE0 futther ddgprsatg: of wordl i ne

trenches; and spacer etching the gate material to

def i ne a dentrically eonnesting armeheryotiorage deviekionthiesfisf squines/drain
protru3|o wherein a portion of the gate el ectrode

f acéE8'8™ PHannel , the channel conprising a |lateral

transi st ollectiANg @bnﬂe@ﬁh&@ﬁ‘dlg;?t‘lme-f@ﬁle@@édiﬂ@o@tfce@fﬁﬁ Ragivh.

wherein the gate electrode 1s only formed on opposite
si déidal | Shef Utshapedr wansiseronf C38m 70 ewhreein odie of-sBhpeidndransistor

3 further c g etching a shallow trench into
CO@E@ﬁeS&W%WWOrm a U shaped protrusion
conpysi Si NOmathbél befoﬂ%{% PlemiBorRIBSIBP striRkdrk %m%mﬁﬁg. a
base, wherein the shallow trench is substanti al

paral | el ethlnglaeetsdtwmﬁllnheerwse\mthag semic®hd@8or sthsfrate;

hod of he. h
Form. SEPEBARLA R IR ORe PR eeongheion iR fhe sctof
and deBf lehith | ctodRRCd BRLAN BURF with e SRAREA, GURRY Bbnches

extending fromlower parts iI'lars and across
t he vesen tigaet dﬂmordhnmtrdacﬂtﬁs ﬂikbﬂhnset@f dbegr éncheteddfmie gplurality

dope ons ¢ ri ses do e sem conduct or
sug?? rPJP'g‘IJsb?qSoY” @FC%PH ndg%or ,E\hlgs mggijtasmns comprising

StT Waldd lsRie®RNP UbfhedTby (R WERMIRO ml%sﬁe@ fand Wadk rdeﬁﬁed By the deep
U- shaped protrusion surrounded by a set of wordline

tremhelsas;and a set of deep trenches etched into the
semcond Qr s ate, the, U -shaped, protrusion

conpr i sedetipifg 3 wﬁx Agped;frgion %“gcgi‘@hg}’ [dpRgd regifgy within each
thepﬁ,étﬁgfongnd second pillars are

“depositing gate material into the set of wordline trenches; and
spacer etching the gate material to define a gate electrode on the outer
sidewalls of the protrusion, wherein a portion of the gate electrode faces a
channel, the channel comprising a lateral transistor channel region.
34.  The method of Claim 33 wherein the gate electrode is only formed on
opposite sidewalls of the protrusion. A
: 35.  The method of Claim 33 further comprising etching a shallow trench into
| each protrusion to form a U-shaped protrusion comprising a first pillar, a second pillar,

and a base, wherein the shallow trench is substantially parallel to the set of deep trenches.
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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

formf atThe weghqsoofi Glaimef 3% nEhgreins thephpavaly: dapedegegien forms

i [ . ' f
BRI G 1-pR, BP0k O TRl ol P RORAS O0pe bl oy U-
shepedrhatihdl BRtchdifp GoRslowehsHi8iof the§llids dge a@dsh thbBaseower
portions of the first and secon illars define

U shibed Ereanetbedobhplabp go sihercin flefuning doped gegiprsrppuises doping

£ US] rein. _the . U shaped channels face the
thgg)él e Sﬂu&@{ra%ﬁ}a%rpﬁg&{qed}l% set of wordline
trerBﬁJeS-Ag&nchFﬁtﬁlcﬁﬁﬁirﬁ&ﬁl@%ﬁ@HsﬁF{ ucture of Caim 38
wherein the shallow trench is filled with an

i nsul at i nysenicenduglor substrglem t wo- si ded U- shaped
L8Pt AT bERAEL B ! Ml B s
te!r : ﬁiflrdsete% Fgmaeg 'gt@hed iatd BE BerhitbRArckdrd@Bstidie; MAPE Rhaped protrusion
comprises 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
semiconductor substrate and wherein 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.
39.  The semiconductor structure of Claim 38 wherein the shallow trench is
filled with an insulating material to form two-sided U-shaped transistors.

40. The semiconductor structure of Claim 38 wherein the shallow trench is

filled with a gate electrode material to form three-sided U-shaped transistors.
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