WD 2006/ 022765 PCT/ US2004/ 034587 SEM CONDUCTOR CONSTRUCTI ON W TH | SOLATI ON
REA ONS FOR DRAM CELL AND PRODUCTI ON METHOD TECHNI CAL FI ELD (0001] The

i nvention pertains to sem conductor constructions and to nethods of formng
sem conductor constructions. In particul ar aspects, the @?@03& pertal ns
to net hod¥OH%B Y ng transistor devices with vertlcalqw AdtRg channel
regi ons, saMrtoNmUCTOR TONSTROCT IONSWITHNDIOLATIOY REGIONSIEQR OBAM CBPICIRER@BRPYADEONT HE

| NVENTI C]NE'{'}@JOOZ] Transi stor devices are utilized in nunerous sem conduct or
assenblies. The transistor devices can be utilized in, for exanple, nenory
circuitry, m c random access nenory (DRAM constructions and
static rand E@E‘(’?@%@"sgﬁﬁnry (SRAM constructions. [0003] Conti nui ng goal s

;’Lt Zef‘atcfgﬁ e‘fr%/eﬂ{o% %o g&ﬁ.cE) ubt'a% %ﬁﬁctio Eana‘ O oreat e
new 9 met ho d;or r&%etn%rﬁgu rraﬁﬁététgf&f g ir &3 c?gmt 8n gnt ethl ;nﬂ\{@r d one
or nore of %‘bf ods & BL p %?% jcfs% ?"gen |nve asapec E)SCI’I bed herein
can be partiCu ar u or form ng transistor devices. However, it is

to be under %m @thﬁ_@ t%mﬁ olhnvention is primrily described

relative to's applrcation, I'nvention can al so be utlllzed I n ot her

sem conduct of Bﬂb“ﬁ é.s%ro%p.e ut.m,a. %W this. PRfeSONS of
or di narysKigshsistortidy Yio e Qﬂn ad, By aspect ,
the inventi ‘Péhdaﬁfé&éé’ssmérﬁoﬁ‘?b Qﬁ %st&%ﬁh%% SafiEfEnAaH Eéé%rmerﬁ&?St ruction.
A sem condugsnAmperiri@bRs.l S provided. The substrate includes a plurality

of trenched isolation regions extending within a nonocrystalline

sen conduct ofpodByt erdedtinuing §alé SFeRiddPBudtEdeVias pAicBssiitpa@do fncriasete anot her
by first regtfestprRERiibSs sibpliSrocddRMgahY $éduks tokts SIBE desinslieicpsatéBéwr i al . The

monocr yst al Indieods SMcFARG wahSstoN@nefricibng WhicldlobRIsE &ard bl ar MbierAkidry Of
pillars w tRomtidulhg dolksst regions. In subsequent processing, the pillars can

be incorporated into transistor devices. In such applications, the pillars
can conpri Spou4y t ileantive sspecs diesgibed aarmirl cah®gipartizulafly USefultforeosniag or

devi ces. [ O®@6sistondevives abip@eter, it is@o berusderstan thatcditicegh taa drivestionriet hod of
formng a pemarigridsaibed retative ta suxhiapplicatiors ¢hd invemtion tar alsolbs Utilzee in cther

provi ded. Themicobductafabricatimmpappiaations)as willfbetreenynized bg pemsods ofgprdinargiskilla i r st
sem conduct arthewrteri al . The rows. are spaced from one another. by first
regions conprising the first sem conductor material. The trenches are only
partially fiSUMMARYK OF THEINENTIONmaterial, and the dielectric material
within the trenches forns spaced rows. A second seniconductor material is
formed over [0965k ert coedspech thesinyantiompertaifite mathasks df emingastoucanductert er i al
ext ends acrcossiructien. fA semiconstyclonsuhstraledsprovded. olhe substrate inclusles aphusality r st and
second senict erhhed isolatien tgioas extending withie ameanorystelline pemicanductor ofatesial. | ar s.

| ndi vi dual pihelisgtadion teginnsiasespaced fammine ghothercbydisst seglonsceramesisdadher mat eri al
over a segnérrnogystalipe sermigendustonmatarialicihermangerystaiine samisopducios matesiat isnd

al ong rows, pafterRedintq a plyrality phpillars withia tbqe firskiegions. In subsequent processing, the
pillars can be incorporated into transistor devices. in such applications, the pillars can

comprise vertically-extending channel regions of the transistor devices.

[0006] In one aspect, the invention includes another method of forming a
semiconductor construction. A semiconductor substrate is provided. The substrate
comprises rows of trenches extending within a first semiconductor material. The rows
are spaced from one another by first regions comprising the first semiconductor
material. The trenches are only partially filled with dielectric material, and the dielectric
material within the trenches forms spaced rows. A second semiconductor material is
formed over the semiconductor substrate. The second semiconductor material extends
across the first region between the rows of trenches. The first and second
semiconductor materials are patterned into a plurality of pillars. Individual pillars
comprise a segment of the second semiconductor material over a segment of the first
semiconductor material. The pillars extend along rows, with at least some of the pillar



WO 2006/ 022765 PCTI US20041034587 rows bei ng spaced from one anot her by
second regions conprising one or nore of the dielectric material rows.
[0007] In one aspect, the invention enconpasses another nethod of forming a
sem conduct or construction. A sem conductor substrate i The
subst r at e WPA006{02d85 a pl ur al | ty of trenches extending w P%TWSQ%“B?“?W t

sem conduct or materlal EJ' I rst em conductor nmaterial has an u er nost
surface at &°§ Pé'fg shaged fr 'Br?&fe apgt\l)g Y SPRRN rfeg'@ﬂ?:ﬁ%@préﬁ"'@ LBLL L9 PIIRE one
anot her by fdisiestric,aiptg| Lo "é%rrprl sing the first seni conduct or material. The

h f I h d f he fi
éfiFthelf.?r%&Ogineqn;“ Za ag ”S'&A'F‘}: d'g}s; p%?”ateagﬁg@ef\ ﬁﬁfg‘%‘?‘ﬁ@&.ﬁ "
Second e e'véwﬁ%ﬁff% 1:# C“‘%zu Criny “hg@ i contL e e '?' %@’P‘e “Ater
t he Ievgl ? 8?‘” aé?%ﬁ ? Wfrare|nséf Sr é ﬁ&%‘ ]
semi conduct g qﬁi“ﬁf B % r.a. f n%xs are ﬁeds FiL & e f a;mve. fhe

Ctri I

and al so ,HP%)ugh t he
second semvgfd?g y Bﬁ@ﬁr&rél i

E&&%ﬁﬁ& erv%wf &l ﬁgneithmate g 111 ec

with a seco LE h &serl rfdubt% fﬁﬁ] g

materi al 5 ar dRRHichb&&or i tBna?extQ 4 eo?r*l Qi‘éﬁal%é 'aﬂd'é first
regi ons. ixtngd! ro§§ ﬁFs?r gemﬁgs%ﬂ?%bd he S6&MAd_sem CO”dUCt or
mat er i al OV%n%oﬁG% atéial td e bleleetricTRtbriadh C&rﬂf fillgB With la¥econd Geledid | ar s

first el evajim dneav@\lmh.ﬂﬂeEFst | ki ﬁﬁnaw%o 4\dgnidrPBtthe Pr ef erred
embodi MeNt s caord WridoRabORar@Al VErEidghiEAt BhMHstiemicdrBLABANEril! T he

fol I owi ng agRRMEMVEIUBPerfiosYduMdses JtQ\QQi el&laiSnal leval \iiigh B aBb@Othamirgat i C,
fragnent ary di@atioHa€evélFi g. 1) and cross- sectional side views (Figs. 2 and

3) of a sem conductor construction at a prelimnary processing state of an
exenpl ary aggRIEF DESCHRIRTIONSOE THEIDRANINGS). Figs. 2 and 3 are views al ong
the lines 2-2 and 3-3, respectively, of Fig. 1, Fig. 2 is a view along the
line 2-2 of [0608) 3Prefendd eirpodithents ot thd imntidroarg deberibled belo@-vithabfeldrge 2.
[0010] Fi gs.tothedolwingvaceampadyiigdralinggnment s of Figs. 1-3, respectively,
shown at a processing stage subsequent to that of Figs. 1-3. Figs. 5 and 6
are vi ews al {0089} heFigs.iirearem dagrammati® fragmentgry tdp viewdFig51)iahdarossew al ong t he
i ne 5-5 of sectipnabsideaviewd—{Figs. 8 and 3pof asemicontasigr dohstruatioe ata pretihinkiyg. 5.

[ 0011] Fi gs.prdce8sing state af\ap esémplary dsped) obthe presentingention.- Bigs.rlempicstarevel vy,
shown at a vEvecriawithe lintsy2asdiBScrpspettively; of Rigt 1,d7ig.F ige.vietr ongihgdine 8 and 9
are vi ews aldagf Kige8, ahdl Rigs3 8- Bviamdlopg te line Sppdfthi@ y, of Fig. 7, Fig. 8 is a
vi ew al ong t 910] neFigs.@-aremiays o thefragmepisepf Figiss1-3, msmotlmlmgowmtal ne 9-9
of Fig. 8. [ROeEs}ing-pigge sulpeqyendfathel abfiigsot-31 figs{y armhe Atesviews aprgsthe1- 3,
respecti vel Jinesrgand#:6 of Figy e EigsBisrryview algag thetdioe §ereeltFig. &, andifigod isE gs. 7- 9.
Fi gs. 11 andiempaleng:theiline8-6:0f6igy5t he 1ines 11- 11 and 12-12, respectively,

have upper MGgdted’ TREMSE 4Hd s%cérm n@Mé%éH Rataliald E%Wt@%édﬁn@QOVe the

Fig. 11|sawewalong]thellnellllof Flg and Fig. 12 is a view
al ong the |i f9O11b. 1P9%/-Ga1g v'er'f of '9§31L ?LHeéP‘é’t'W')éWE'O‘ﬁ'F atde
fragment s ofp“ﬁi sing gtage SH‘%@ - Eigs B ang %é@s‘é‘? longihe
subsequent tI-B % f&ang fgqilr tivg Jg ig. qkﬁaa‘f'l%l” 2‘9“3?'&3 e &R offTig ity and

1g. leav:ew alon the ne

{0012] Figs. 10-12 are views of the fragments of Figs. 1-3, respectively, shown at a
processing stage subsequent to that of Figs. 7-9. Figs. 11 and 12 are views along the
lines 11-11 and 12-12, respectively, Fig. 11 is a view along the line 11-11 of Fig. 12, and
Fig. 12 is a view along the line 12-12 of Fig. 11.

[0013] Figs. 13-15 are views of the fragments of Figs. 1-3, respectively, shown at a
processing stage subsequent to that of Figs. 10-12. Figs. 14 and 15 are views along
the lines 14-14 and 15-15, respectively, of Fig. 13, Fig. 14 is a view along the line 14-14



the lines 14-14 and 15-15, respectively, of Fig. 13, Fig. 14 is a view al ong
the line 14-14 2 WD 2006/ 022765 PCT/ US2004/ 034587 of Fig. 15, and Fig. 15
is a view along the Iine 15 15 of Fig. 14. [0014] Figs. 16-18 are vi evvs of

the fragnents of Fi - respectively, shown at a ag
60({649&’(76§93f Fi i R’&&g‘@&éﬁg‘ﬁ% t he

subsequentWe gs 13 15 Figs. 17 and 18 are

lines 17-17 and 18-18 of Fig. respectively, Fig. 17 is a view along the
line 17-17 °6F'9F1%am1§'9 amq:wa@egm e 5 50kF@n it he Iine 18-18 of Fig.
17. [0015] FI% are views of the fra ments of Fig %Gf“’

respecti vel yl® sﬂown:'%st 1§18}§f‘b¥,‘%§%9fﬁ lié uéant'estpSCttVﬁHt NEtgs

16- 18. Fi gs Prosgssingss o4 S%&"ﬁﬁ

19, respect Nﬁ’g 3175‘1 30968‘@0&% é@v ‘ggq 'éa "26'0"%1*‘ rgl7 and
Fig. 21 is & W QP ﬁ@ ﬂﬁé”‘"‘”‘ﬁ‘%a‘?ﬂg ‘0016] Fig. 22 is a view
f the f h t { f Fi 1
Snerﬁat.r?g"@ﬂiﬂ 19: ﬂs YEng tra%@e 13 aée dely SR ot or once

to Fig. 10. pqy@is,r]uzg % to\}th\ﬁf e A% %'gpg i s shown
S Vé‘t a|8§ @8 e FOfe
giegeﬁt e: In\r?é’ 590%1 a[‘g s gdagv'eggopg %'7‘?§ 928 |gv§/ 23 WatE er fragrrent
L O S S D
0

subsequent 'S a VI REW 0 C%. waf er
f ragment shown at ‘a proce55| ng stage subsequent to that of Fig. 2 in

accor dance et " 1] Fig. 27
s a view O}N[%OCE sn Fl& QS fr%netnpgf F’?ig:grm is shWﬁgsh?JrF%mir%

subsequent £ IQav 23W€ﬂerf efit $ho n%%?%@%étﬁqé’thgé"’ of a
conputer ill ggerqggm tt%?o@i rgg ary applicatron the presen tion.
[0023] Fig. 29 is a block diagram showi ng parti cuI ar features of the

ot her boar d @jo19f herifi B is & JichasTRng B 23 vHietaghesit st%Qm'a'i arétiedding ugé bl ock

di agram of appsdqaektt&®Hatorpigtzam according to an exenplary aspect of the
present invention. [0025] Fig. 31 is a sinplified block diagram of an

exenpl ary nenory device according to an aspect of the present invention.
DETAI LED DES{@8R6IT! Ghy. @6 id biviehRtrieRRE2 wBORIgMENT Shdve0at @] prddiRsing ¥gé i on
pertains to saBgBquemds fHabof FIQIESihlad€drtianes with B dndthag asiict bfahe pigsertxt endi ng

pi |l ars, andnJetigriet hods of form ng such constructions. In particular
aspects, thppopt] | aFig. 27d8 alviewi of alay Figr 28t veder frigmentsHowhadt apriddessinglstage gat e
field effectsubsemyuentad drasof Fiash transi stors can be I ncorporated into high
density nenory arrays, such as, for exanple, high density DRAM and/ or SRAM
arrays. An eloep] arFig.228de atdiagfarrmaticl/iaNOpf2066ipdi2 MiGStralicg/ausxemngian34587

i nventi on i sapdiEation bfgble piesentrirefestimnce to Figs. 1-21.

[0023] Fig. 29 is a block diagram showing particular features of the motherboard of
the Fig. 28 computer.

[0024] Fig. 30 is a high-level block diagram of an electronic system according to an
exemplary aspect of the present invention.

[0025] Fig. 31 is a simplified block diagram of an exemplary memory device
according to an aspect of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0026] The invention pertains to semiconductor constructions comprising vertically-
extending pillars, and to methods of forming such constructions. In particular aspects,
the pillars can be incorporated into vertical-surrounding-gate field effect transistors.
Such transistors can be incorporated into high density memory arrays, such as, for
example, high density DRAM and/or SRAM arrays. An exemplary aspect of the



[0027] Referring initially to Figs. 1-3, a sem conductor construction 10 is
illustrated at a prelimnary processing stage. Construction 10 conprises a
sem conductor substrate which includes a plurality of trenched isol ation
regions 12, 14 and 16 extending within a nonocrystallig @e@g@‘ﬁﬁg&uct or

mat eri al o 0f’S"’2a2i7ﬁF|n|nterpretah|on of the clainms th the terns

"senm conducti ve, substrate” and "senic nduc substrate" are defined to
mean any coﬁ‘é’f’?tlﬁ’Et'sf ‘?’f‘cﬁ%'?ﬁip‘?"f’krefﬁﬁe%c@ Qﬁd1 1tl ve materi aI | ncI udi ng, but
not limted 8 semcn uct |, ve terlassch q
wafer (eith %ﬂ] e;rln%m ) 'c nd gs falﬁeéir eon),
and sem coAud 'ie"\‘)' a ?es 'Pgls é's%sraf’ gi i es

o 8¢ Ia e apl gﬁc so g|o glf1 ortin
conprising ext pta wi lr(i:" stah ﬁ‘-ib d?l én L n| t ?b%ﬁat?ciﬁpp 9
ok hilicy

structure,

descri bed af ] c?% c%ﬂ tmaﬁ ..n Fve Rtend
anot her by i ﬁ Q\otl 4? sée, V& Rleri S%Eﬁg a mic &U ‘?55 20 and
22 can be r ttﬂb bl| g Ring' d epﬁ{ p s of the
present i nvg L ﬁf&% efonprise
trenches fopiedhiah U P dhe, egub AT ea ru@t'ﬁ %lﬁarn Shiggbel ect1ic
mat eri al 24!191&96’ ﬁ"\gs\%‘ h% sugs{rg@%gg 5)4 gtric et er| 4 can be any
suitabl e corrp03| t1on of combi nation o conpositions. In part | cul ar aspects,
mat eri al mgbg CQLBMtioR Fe &%”ﬁz 5k aR$ 6 Bicl sphéad Rfm oS an@REI By SbaioHs 1 | | con

di oxi de prO\é 09 o0ehicohdatt iﬁ%n&l‘ﬂ&r IFéRiohs D& bnd 336art bERFEHRM thas AR Wi thin
nonocryst al lrgdishs"RigaFticBlar asheefibf e freserefvéliorny suitabl e depth, and in sone
aspects the Tsolation regions wll correspond to so-called shallow trench

i sol ation remog)s. -Theliikiidh réxficRsCRNdaahd16 Ethfisk HondiesGarhea@iin Se any

sui t abl e serbmRBAYLEIR MmatdtRl £8,1anH coMpriseCdidlediad maerigif24rmbBdddalithin the parti cul ar
aspects, nat@hétrls. biblodtrid maeARPUSAN be GAYSIBbIe@BAPOSITlic] drtoRibinadén onsi st of
monocr yst al lebmpositidni C M patliduli asipdotd) tnaterial 2400l tympiesee Bonsidt ebsentidlly @F, @vdnd

dopant at t lengstorsiicnripxiieqgeviddd dviegs silidonhitrid®iredrr Tieé tromche® farmed witlhin - sone
aspects, commspystdiib@matetialaifaantbedorneediio ancsujtablaldepthearsd inisome agpdots at t he
shown pr océdssisolgtiontragjensowill Eogespoiid & sd-¢H&d $hallow srencttisolationli@gioas. an upper
surface 26 at the processing stage of Figs. 1- 3. Such upper surface is
shown to be K088}t ar8emitdnguctopinatedal 18xao sempliisel ey tsuitablerseéricoraluctoP4 and acr oss
sem conduct onaterial, er cerhbin@ionah thatexiatsy ilmpartidfar aspecds) mederiab 8 piirompaseed t o
have upper noonsisi @ssentially aitorgonsistrab mopberysialinersilicon eithelr alonetonh ightirdepedaspect of
Figs. 1-3. withdadigraundidopant att thegiroesissiag etage ofrfiigs. itel. eConstrugtiond@ieandn r ef er r ed
to as a firsbmelaspests, corsgspoad td a fragrent nta moeaciystalling silicen watesat theshewmduct or
mat eri al 18 peepessivg stageehfigh. 1t as a second elevational level. It is to be
understood that the_ invention enconpasses other aspects (not shown) in

whi ch surfacl03H | Langtrugtiop|1ahas an PR Suiase 2§iat thegrregessingstageichfige4-and

seni conduct ok S¥h appessurtace(is skown tobegybtantiafiecanianat agrass digleetriematesiglat i onal

|l evel s are r?étanf’ﬁér°§%1?@“'ﬁ%"49ﬁ@’ Hﬁéﬁ"ﬁb‘r a”‘? Wa'éeﬂﬁ'ﬁ 18tapd 24 £apbecansidered ectri ¢
mat eri al 24 OE %BT?\? %‘?h"’?"&'d “Eﬁs speft ol 9% bel ow
such upper ? i 5&; [fU to séf"%uc‘%l | | ustrate
construct|orf’efﬁ'oél‘fal '8Ye %"c 're ﬁ”ar' B&an Be refTad n
trenches 12, lfi \g ren g pa s

conpri ses, Eﬂf %tesiti‘PW % sy §f‘g ?C{"?:;g‘e ITER onalt N€
etch Ut' Iz esar ﬁ Fffllr? %chgo as Zcés dleleef‘trlcm Wﬁfg The etch

can extend above the uppermost surface of material 18 or below such uppermost
surface.

%c‘é datygySt rat es

ter

from one

1

[0032] Referring next to Figs. 4-6, such illustrate construction 10 after dielectric
material 24 has been recessed within trenches 12, 14 and 16. In aspects in which
dielectric material 24 comprises, consists essentially of, or consists of silicon dioxide,
the etch utilized to recess material 24 can be a wet etch. For example, the etch can be



4 WD 2006/ 022765 PCTI US2004/ 034587 a buffered oxide etch, and/or can
utilize hydrofluoric acid (in particular aspects the etch wll utilize

di luted hydrofluoric acid). If sem conductor naterial 18 consists

essenti al | crystalline silicon and dielectric consi sts
essenti al | };6/"0{006%&?{]%% dioxide, the etch utilized to rg&@?omﬂpﬁ&al 24 is
preferably an etch selective for silicon dioxide relative to silicon (i.e.,

an et ch whi ahuffeagoxide eteh, angfor gamuliige hygrofori agid {in partisulapagpestsithe®lsh  whi ch
can i ncl udeWillptitize dilutedhygrofuqrisacidy If 3‘?[“'8 '19"!"\%?“@??”?5‘81 s§eﬁsé%'lt'?%°f or
silicon di Bwenersystalinesilisen apd gPIePE'SQatef' qn BISHRSS gasr‘"CPﬂ dioxide,

di scussi on f’ﬁzfttcr‘f‘ﬁ'l“?%/bi egGesgm ﬂ“cgqx@ 3898 "@ pr gilico oélfjfaal 24 s
recessed def®AtYP RSlicond-Gvnygieh o 'Ch F' lp}e't an YGoR: sone
aspects of t”H'@hic?r“ \é‘ﬁ'f‘ "orPUt X ° UE' dé% W ' ﬁ"’ titiuct ed- t o
recess the gy % ‘H"E @cgr" A, and can,
from about

rs1
amBlé" E
10004 (0" Lﬁa %@E@ i ateﬁ%"r'egg s‘es%% Eh §°8u Pg‘ Eﬁtg s 32
14 16
tre(rjrl(r:]h |sof FB%H‘ %Bplesb%%ﬂngﬂc %@\XE?F@P € "3 t”f H‘«? E'tr'ra‘ ﬁ%‘%acagwal Y]
r

be forned t8 ose traditionally utilized for shallow trench
| at t

'n;fef‘l ;ﬁ“ re@qﬁ{ﬁ' @v&rs%gfgm ‘?éU?o‘?E trBRiheEh% {P%S?é %% ’ﬁg‘.}irvspcr'eg can

extend to a

dielectric @ﬁéll%&v't 9%92 5 éiP @%gjnr] r;&rt ﬁ£ %ﬁ c% ctric
material (t{esa E ngft.oﬁ Nt fm Cea grregef(ege deaxﬁa orae' ative

to the eleygt th r m conductor materia so-cal l ed
second el evatro aI %eve re erred to above). Thus, the elevational |evel of

the upper mosfoosair f ahe r&fesSIRFLLABE.AE %teﬂatzﬁrré&lceéﬂwé eﬂe@lﬂ@r’{é? hErBﬁt Sthivat i-onal
llevel of thgjelebRmiEsral fiHe Eateiea irst HleGdtiRRAlNdve! idRdrfidi 18 abevk) AdiathB &0 heOCESSI Ng
stage of Fi @evatfbn®:height Bf dupticoMalstsr météﬁ%ﬂQigﬁe s8-callelfscBbrl dibvabRal MVeY
partial l'y fidtbresli toiabbve)i Thes: tHd dlevibordl iedél ok thedippbifosPE@RE St Ng st age of

Figs. 4-6. ThaicBhdicRE iiatetial®s Riabave e bliatiohAgevel enhs appdrMbEEsusRessd rows, as
can be seedielddtricMtatérap2¥ aete pfocksding slage1d1 Eigep4-BoWnottler Werks, renttest 12e Fig. 4
vi ew can be 1dahd nedre anty sarlian Gilddmithdidlediid @atetiaiie4 A fsk processingtdgeosi de

di recti on ofFigshe6FiThe diéleeirie\matérial ithin theftiencttbsdsm®s dpacéd Wsahs einbect i on.

Accor di ngl y seérhia theotop vielv ol iFg). éC The ap-dawve direttiomoithe Eigo A gieweshni be deffieedief | ned

| ongi t udi nalas dilongittidial diréatiop caridi thel bide-toasigeditegtiont bfehe Blgs4 oiew daa ber eferred to
as | ongi t udidefidedasaxtiotinahtalglirdctohe dccardingly, ks rowSwot dieldctriesmatesdal aspar at ed from
one anot her elopgatech o theidefinel longéudirat direngjors t inipagticalar agpactsothduovocamtsd eri al 18
(such as, f ceferrasitammpllangittdiealigiexiepding Giekeatic HResofSuehdjpes dreamparaled flod035]

Ref er ri ng nere anatharibydongitudinally-extentliog sidps oimemicanduétal ma@rials! 8f(suaned, tover

mat eri al 18 exainple.dhelstepe2 and22reftfigs. dland§).is formed within the seni conduct or
material- and directly over trenches 12, 14 and 16. The dielectric materi al
23 is patt eri983]i nisfarringrext iosFign 7-% agepirondupts Ghatatial 38 ilfammesavst r uct i on can
be formed by‘arerrratwaran? a shelastrisi el BB isdamnac within thesemicendaoranateriat argt r at e
18 and over d¥rpclinendrenchesyie, 3and 4. Harielenidnmatprial 258 pattyaetiale es f or med
through mat @Pii2&% o the material 24 within trenches 12, 14 and 16, and

t he openi ngs cg be]_ L ed with the dj e}ectrrc mat eri al 23 In sone aspects,
[oO Gr] he shown constructron can be formed by initially provndlng semiconductor

material 30 over substrate 18 and over trenches 12, 14 and 16. Subsequently,
openings can be formed through material 18 to the material 24 within trenches 12, 14
and 16, and the openings can be filled with the dielectric material 23. In some aspects,
the dielectric material 23 will be formed to overfill the openings in material 30, and
subsequently excess material will be removed by planarization to form the shown
planarized upper surface extending across material 30 and lines 25, 27 and 29. The
dielectric material 24 within the trenches is in rows, and the dielectric material 23 raises
an elevational level of the dielectric material rows to the height of material 30.



the dielectric material 23 will be forned to overfill the openings in
material 30, and subsequently excess material will be renoved by
planarization to formthe shown planarized upper surface extending across
mat eri al s 25, 27 and 29. The dielectric thin the
trenches ?\gfo?zﬁ&{og)%a? and the dielectric material 23 rg?éscglgbsazgoﬁ%e 5\(gd\’/atlonal

| evel of the dielectric nmateri al rows to the height of naterial 30. 5 V\D

2006/ 022765 PCT/ US§004/ ?34587 7 The di el ectr c Lﬂe ial 23 c
referred to I8 r f ’e "edt §?Ft't'%@a'ﬁ?ﬁ er| aI
fromthef|f° 'sﬂp'é"f" l"i‘ e'l'?é'«%‘f"l ‘I’"ﬁ ' ”' e5P"

Mat eri al 23pf€¥'ﬁuﬂo R%‘ "é’ﬂf"fﬂ bé% 'F'ieﬁt"ES 8%?' °8V'BE’8{%\ nati on
f t ly th
o ooy IRl o oénqrﬁsgﬁg’fsema g;w i 3,3% e
t | 24, I t
(ran:sg:llt ?al I yd?ﬁe H" %9?9 sé'gg%é ped or undgg)ed silicon dioxide. [88(5*}'8]S

Material 30 GadhCO é &‘E‘é’ SARBLE, SHEbiS WALGh et aﬁ" RiddRfticul ar
aspect s, gﬂ pi! g@ﬂo a.;’t%econgygpégsa'ﬁ.aﬁ fé{g ..co'" AR 1 o
silicon. ‘ Sﬁé"o u’ &ic afrrgo talllne or
Single trys o an el R b6l ané%rapé.h B enGns st

y ‘grown from

essentially ﬁcf,on dpit )98 nf? m% sGr‘fééég mo
exposed sur ﬁ‘&ﬁ§tw@? ﬂﬁlr l'nEfi e”% e?'n yof rbgﬁé@bf veI y, material
30 can conppys&ystafiESantior® & kfidonQeposiled COBShatkridl 18 by oY avsiél | 1 ne
and/ or anor QM@aI%hﬁdr%Boﬁ%%Hﬁo? BomEhydrieBbdithin. Matéhal 30 Ban 6 A R

chem cal vappis 468Ak térRiGormRop matdriatb Gistifgifsh tHE Redrial fd tidr&r i al 30 can be
referred tgemBortiueRF HatkriaPf8.conductor material to distinguish the material

fromthe first sem conductor material 18. [0039] Material 30 can be forned
to be of anyoess]t aiMaterlahBE kareEsiorrhéd Rdeldf GhY SUitabledMeess. INgfadticuAl 30 can be
formed to aaépuctkmassialdo dan®e fodpeadito 4 tifcKNAsS 6f frdaPatiouB DOUDA, to aBoGt 30004,0Me
aspect s canaheinfsofmeedpéds dar he DkNes® axhiekiess gtdaton tin c@ @gaal té abalbout  1S0O0A.
[ 0040] The ssooAconductor material 30 can be undoped at the processing stage
of Figs. 7-9. Alternatively, sem conductor material 30 can be forned to be
i n situ dope@040]FoiThessinaodyctarmaderial 8C cdretve wploped aitthe pocéshirgoaiagesst | N nor e
detai | bel oWigs. Triit Altérabtivel, sesniceriductoameleriali@ftdas bedarmeditobe in situ doped.

verti cal | y- Eatisstangeyinpadiestaa Bpplications (digiussearis Incce detail bélowy), mategdliB@ie/ dr ai n
regi on and/ oitimateiyeatesiedirgvertically-extending pedastals (ev piars) comprisirlg aaspect s,

mat eri al 30 seuree/thainfregine dnd/or dehamppiregion eltactransigtgrddvice Intsach aspectsi | | ars wil |
have the dewieriatBlens hefommrsttoibe approntately dorrd sothatithe piffarsivdlshavaither nat i vel vy,
mat eri al 30desiiedisleping engia wihout additienabiimplanisal Aliernatively. naterial 86 gem Bed wi t hin
mat eri al 30fesmed o thabagaiicsal implants are provideewihin materiah 0 elterthemplejialdst endi ng
pi | lars. [o@aigmedinertpayerticali-gtendingipifiarezed for numerous functions in

vari ous aspect s of the invention. For instance, a purpose of material 30
can be to i P‘bﬂse Né?t?f@l' 0 £3f b?\\é‘f"gﬁ; fop pumerpys ingtiqne Y?d'PE*F ?SHGGYSrﬁiH‘G’oet ween
trenches 12"“’3% %@Sta PUERPSHE '% 138 éBBE to H”F’ea?%? vgr;ggqhypghtq ncr eased
channel i ng ara y fogm ?f%"?g@ B?

YieREn

g @g Lqr %‘B tc:}vag;ngeom
ticall FETS PARPTRES g BIHP 10- 12,
\alte:)alttc 2r n)éd ﬁ&?gﬁ gﬁger?gla%? '8n%ver @é

[0042] Referring next to Figs. 10-12, a patterned material 40 is formed over
semiconductor material 30 and dielectric lines 25, 27 and 29. Material 40 can
correspond to a so-called hard mask (i.e., to a mask formed of material other than
photoresist), and in particular aspects will comprise, consist essentially of, or consist of
silicon nitride.

[0043] Material 40 can be formed into the desired mask pattern utilizing any suitable
method. In a particular aspect, material 40 is silicon nitride and is formed into the
desired pattern utilizing the following multi-step method. Initially, silicon dioxide is



sem conductor material 30 and dielectric lines 25, 27 and 29. Mterial 40
can correspond to a so-called hard nmask (i.e., to a mask forned of materi al
other than photoresist), and in particular aspects will conprise, consist
essenti al | Oz& ekonsi st of silicon nitride. [0043] {,\%t,ﬁgoggmgs%can be

f or med int%‘lot /@%m red mask pattern uti |IZI ng any suit nethod. In a
particul ar aspect, na

desi red fogpgd a\ﬁfm &' .8 mgdpb?n@éal I C?n s Jm e
t
i s e i %"‘ g%?ﬁ : mgréeﬁye%t i
30, d

I oca'?lnongpe !ét?‘ d%n e BPPF %q ° % ési s: Inl con

nitride | ayg}gx' %the f?%wl;% 8';8'\’/%' W't ' ;%ad m&ru oﬁl? ? &I Lhreem)ves

openi ngs. THE

the silicon §°t3"% de| ot silicon
nitride wit ﬁCt ag ﬂf S oﬂ i}éﬂn (Ia%qw t g'ﬂ&m on‘?h ?{]‘e'n{s%ﬂ]l ﬁ@?

di oxi de. Suc ank e c can corp i se or exarrpl e, chem cal - nmechani cal
pol i shi ng. u?\rﬁtélt)éma{lv méfh ?d? rﬁiﬁr@)ﬁhg héoﬁ tRAPGHe Ybdi %a F\datCh

sel ective f k% {o'deBb |t'r| r‘a‘f'@@ d?nbttéi 8 l'icon
nitride re”@ihEHnrlrQ& suh Slut Eéd or@éﬁ [0044]
An al ternati H&ol | datly p tiHrﬁE oJ?é‘ss dsk 8 rrt'I'\ 5ilicR riitfdd, %en 854 red
patterned ph t&egigﬂﬁ§él<tto #he SMEEA nitldeSdi h' &%p’iﬂdﬂéfe%r%?ﬁe mat eri al
30, and to fs é‘dmﬁaé earne h em%{/étrfé%oi&ésfs'tﬁiﬁsﬂs' ng phot ol i t hographi cal | y
processed phot oresist (i.e., forma photolithographically patterned

phot oresi st aa4d| OvRE shbn atkérﬁannsgktdotr@ﬂsestnrne@eé 8hd 87, dMispaded iélas® t he

phot or esi st 4feek 48,8t bE, 531 b4, EBN58)I60! 62khdid4 ITHRMnades AT 6AbReref Ch of the

silicon nit euﬁb@antnamcbrtrbgmmlge KEH Girddiien Bl SdtRSlinel 28BsKand 49)@454n Bdiseghown

patterned nmistke GpIw SiEfg.l 10N TheBdration vhére aBikctp acsbs, ot anl2g akZrodkéd 46,

48, 50, 52, bpfinesd, and®B7 £ diagranindticay.shoRe ab idegore®oand 67 extend

substanti aI ly orthogonally to a direction of dielectric lines 25, 27 and 29,

as can be sef8046]i n Thiedsidrais 42| 44y 46f 487150, 52] 64, 5B)68,160¢62 amh6e4 fumama atiag! ectri

| i nes 25, 2tompukirPorgimdinaiysedehdingycolumnsgsueh aznite €ofuran eordprisgd dynistenids al | y

shown as | odajs0ars 589, and0O4Eintdllyexientiag dsvs48uchdas, thd Gow é@nprised bp BjanBg, 56,

58, 60, 62 &005%54 hod A6)arhlthoughythe ogiudinsllyrgxtbnding knediohslanys Gsutkeasli ng col urms

(such as t-héongildimaty-extepding bk dfyslarsis#@d50 antP58) 8tk desdrilissi s "aoldmns”, and

hori zont al | yaormasaddmmghe bevizo(taliy-Bxterdindieowsdwf islangs, iitde th bpundetstonddhat5o, 52,

54 and 56). thdtetrolrgh" candbd Wilizgd euisidendfithe eonceptdif ag alrantesreter td arlydindén (such as

| ongi tudl nalahyoeemzimm g?us Theeloegltuni@a@rﬁ!@ndmg lises eanalsishe egnsidgeasic'rawséd as
"col ums", dnspmerspeeta i e invention. Hror instange thedspecleot Figsd i hrg2 cambe " of

i sl ands, it cprsidesedye compese lopgitudingliv-extensing rewsrof islends (stieh aethat i | i zed out si de

of the concécg\g'tleﬂmaéiweatﬁﬁ@pg foy efdslandsi4g, ahgnd $&ieanddongatﬁglnewreqtﬁrﬁ!mgdﬁws Thus,

the | ongi t udprl YA 8% Peiefeigc matrsial witin san¥eongecteynateddr®d “rows" in sone

aspects of t he inventi on. For |nst nce, the aspect of Fi 10-12 can be
consi dered t@0 ﬂ r'l g@ﬁh W V%’%P Az ti"{)ﬂ/@"‘\‘ﬂe“?@'ﬁa& BUch @ich as t he
| ongi t udi nali§R Igsg@gergg elatyeda & e gpgiher. In

| ongi t udi nal® 5( éﬂ‘n ' gﬁﬁgﬁ CF'Ql Dl al within
sem conduct 8? 'é 5§I o S gl el 4% :

hori zont al | u’\;féyﬁ 32 ea{lﬂt éhF maya ow ig ter pa(ca:klrr\]got

I ongi tudi naI ?tr ¥ é\rén}fﬁg hﬁen can b achieved with the aspect

of Fig. 10. For mstance as WIII be dlscussed below, masking material 40 can be utilized
for forming pillars from one or both of materials 30 and 18. The aspect of Fig. 22 may
allow the pillars to be more tightly packed than the aspect of Fig. 10. The dielectric lines
25, 27, 29 are not shown in Fig. 22, nor are the lines 65 and 67, in order to simplify the
drawing, but it is to be understood that structures analogous to lines 25, 27, 29, 65 and
67 would typically be included in Fig. 22 aspects of the invention.



contrast, Fig. 22 shows construction 10 at the processing stage of Fig. 10,
but in accordance with an aspect in which horizontally-adjacent islands of
maski ng material 40 are longitudinally staggered relative to one another.

The aspectwg,fw@/(gz% 2 can be preferred relative to thaﬁcﬂflszﬁd&?uw i n that
the aspect of 2 may all ow tlghter packi ng of structures orrre

utilizing petb errtler an fpe achi. eved t he aspe
o, zisz uqao@ &%% w ﬁg@@# e e
ars

The aspect I 1h acked t han
t he aspect ’f"?:P CtI’IC lines 25, 27, 29 are not "shown in

Fig. 22, “Oroﬁ‘i tkfﬁ‘e e917ofrﬂa@k9 RS i Sigfﬁozﬂéaw ng, but

5 RIbFR
I6t7 :I\;U][g {oe e@%s H@ PI9K eqf%(i‘ﬁg% IZ%"IC,IE 2597 3\15) and
2006/ 0227GSE |on 2§ b‘?ﬁ'zﬁ(%rf(g ééit ﬁalggé%rehﬁg datter n
|’e r srs

from maski ng, eé’/ d ﬁrrers%d 1870 TRE Db GRS Ecth a' s 18 and
30 to formp I|ﬁé§2 129%4&0 sggse nt $7& m&Xarial Qemhneggsiﬂé 692 W thin
the regi OnS éé@ﬁ&% §1 §3t§59§¢f®d1¢ﬁ9b@5hd3fb5 SPh&B%al 66 Whithate spdebd fr@ﬁﬁaﬁpl e,
the regi OnS odDadiMerdg e b &@&%”Jeg‘@?a.eteeaeﬁa%napfen%mng)ﬁ%%éb23‘ 27aaK240 into
the underlying materials forms lines fromthe naterials underlying |ines 65
and 67. Thusipo5a19i ARG sGitabil &LEEAM beCutlizddEidr WansferAng AB Paktéin foimdhaskig- 12) t hat
are not prohRedrigatudMtothE uRdsiking ndidHa! indludif§, 18F éxahfie) ¥aeactivétiofl etdhe onl'y

remai ni Ng Phé bRAPredérably BREndDthrotgh aérflicatustor maaterlaPSRahPIRs 88, avhaideion t he
lines 25, 23ndunth stthi@nauctbOpardalay, ad smewnbFuanet, $é etchiefffblyitomfinadés

di el ectric whe®aiadbl ofisedisohduvist ndterial 18 Bétdeasathatpulamatat avut the samgnent t he

mat eri al s bekregtiohallleveeas file upperntét surfates of @illdctritsamtérial 23, withim, re§idns 9, 101,

103 and 1051eandté.eBuch cadbevdecahplzhed stiiziog,dof exampley aginsdctdheandloyy ahhe
portions 69end palntaetarininatiomaft arei ca imoreecmmpuinagts froormabteri@425, 27 and 29.

[ 0050] Any suitable etch can be utilized for transferring the pattern from
maski ng mat{@esyl Jbeipiliacs 10h@2,UH4dé6,173i 8y 8Bp4 BP B8 90 and PR bavethe sameexanpl e,

a reactive auay pattein as thatdisqusbeduprevieushifbrthe jalandd of bard onasking erateriahéQiiot or

mat eri al 30 Figad!Q aneeR2. Zscomiingyntheddlars candeifermedserthadwdzantally agiacenti al 18, as
shown. Furt hi¥ars ardeotdengituginally stagbenpd relativie fa oresanatihesnorcan dedormet! so that

semi conduct berizeptady adipcerg piiars aelangitydingliyl Staggeredyelgtiveatocne anpves ane

el evational |evel as the uppernost surfaces of dielectric material 24 within
regi ons 12, [°Q5¢]andlt'iBOteSdlﬂﬁ"HBﬁsW“eﬁmQﬂﬁ’ﬁW@ﬁé@h ofithe lopgitiglinallysextendingol e, a
timed etch &wsdpila is sprreddoma brsizantalypsiacent rew ob pllarsbydosingleioMbnent s f r om
material 24def %@Gif’ratqﬂ?é(fﬁr j ipstance, the longiudinally-extending rovg of pilisys 7@, 78 agd 8633 90
and 92 have'stsrﬁ’éc%daﬁ‘ﬁ"”}% epLpRgiudinaly- %F'“&l’%‘ﬁ&%%’lﬁis B?eﬁﬂ QS‘G'sq Vfaor t he

i sl ands of ﬁéﬁ’ﬂ iR g I%qow@qfﬁleep}r%nat s, | q\ ‘}% { t he
pillars canhpeeyes thaéah Wﬂgge il ;r ool omrv rrhw@r;i B

| ongi t udi naff%? %‘P&'a@ear'%ap?%‘ ’tor'\/‘?a“eta{i' RED:IG: 8?0'9859'985&9"2?& fMEd so that
horlzontally ac hﬁt{h LS arﬁ |tud|n rel atlvetto one
anot her. 2 ?frﬁc? %”s§ﬁ COQ%E% dutar

| ongi t udi nalnl ‘é@asoft NN r'%‘c aﬁn P! ?F%?ﬁ ally

adJ acent 1o lo i nding_ s f th rlal o y ?
fii e e L

i nst ance, fi¥e (;%
spaced fr @f\ rp&qa b ésv.s s 5 tidHal fe 80 and
88 by a gag AR A B ﬁalrzﬁ‘%ti'\ atﬁ;h%&sﬁw eahanes) . It 1
to be under rﬁﬁbgt each of the pillars has an uppermost portuon of semiconductor material defined

by the uppermost portion of material 30, with such uppermost portion being above the

uppermost elevational level of material 18 at the processing stage of Fig. 5 (i.e., being

above the so-called second elevational level of the Fig. 5 construction). Thus, the

uppermost semiconductor material 30 of the pillars defines an uppermost elevational

level of the pillars that can be referred to as a third elevational level which is above the




however, that the invention enconpasses other aspects (not shown) in which
adj acent rows of pillars are spaced from one another by two or nore
dielectric material rows. [0053] Each of the shown pi IIars conprises a
segnent of ?%Qd sem conductor nmaterial 30 over o3 %1; the first
sem conduc ertal 18. The pillars can be consi dere 0 cofnprise nesas
of the m)nocrystal line material 18 extendi ng upwardl from .

| ongi t udi nalevsjs disgusaed Wih esferenge tofFig: Aéorivg @?Yaéipnﬂl.é?v@ét%é@iﬁcif@dﬂ@?ﬁ'ﬂin regi ons
12, 14 and24@nd saRicongyeter mateligld8hases of the pillars. In the shown aspect
of the invention, the |owest-nost portion of the pillar bases is at about
the same el 4034 oné|th9“§0éne %@“‘PW@“‘*@BS@M‘FSQ@ FHF‘tth%ﬁ’i""d? extapdsthequalt ri ¢
materi al 24S§EPPHFeMIcAuSior BRterial30And into firsi semigendugtor m#te"éb‘rﬂ I't iglobeaach of
the pillar suwgsst%“n % Wﬁ%ft‘w £oPRASERS ReHASERRIBIECbENTEY &Y fined by
t he upper nmoBitarsgply £y semigenduglof materjal30, g ?%%‘tex tt‘? i§! bei ng
above the S ‘?’WHE '@P@f)ﬁ'tlonal | evel of material 18 at the processi ng

of the Fig gﬂ%@ grfgbﬁi;i*’tofb‘)*? f b 'Cﬁ" iw@w BRI, 2l 30

of the pillll ?1 F‘|| rsthat
can be refqu ? ?‘n’l f—:‘ralluﬁ hf:?sg% oa

2006/ 022765" F| g. 5 for
the el evatl ss ° l th' P nateri al

ext ends thr?Heg at ﬁee% g,; c

sen COI’]dUCt i | str VO 1ab %gééson
encorrpassesomt Bema R r?cr.éfd?m JafRgend into
second Sem CH.eH{ cerl‘nét% fccfi\@ﬁiu 8n ﬁ‘@EsWéﬁ é‘gloh a r’ré 18%4dgponduct or
mat eri al rrlng next to Figs. - 18, ectric 140 is
formed al on Oﬁf':die""ﬁlda?ehﬂé martéi'faal P |§§I’i&n7fgrme7d2aro@rfh thz rlla%&Thg atefire 84, 86,
88, 90 and tenﬁl'@l?ﬂwoﬂk sagga exfen@inglsttps 18£Gl46 QN 198 whidR ardSepafated #iSm 101, 103
and 105 of pg&d &idtrdr by Hne Rl 670 Thle @t sexmse@ndﬁagbpmégafeuﬁmaﬁﬁan conduct or
materi al 18idantdrfines BReftind A6y romefma fafdi ShPEdpatdted dH eid FarS BtHeoNpr i se,
consi st essagilettit matdifal 14U, THRNfateHhe Abteri @baleéﬁtwalyeurr&mdltﬁ@a.ugvsozs de. The

gat e di el echlidwh, BBih@fHeR hspats (A6t shewREHaonPYariaIgisiBoghenaIedt Soé aans of
sem conduct ﬁ|l|ar§B.terl als 18 and 30, and/or by deposition of desired

dielectric materials. The gate dielectric material is not shown being
formed al onqoo8mW Vahe paiterfedgaélingistrips 1a4,ed6ahd 198 carobsforraed utlizing@nybut it is
t o be under stitable rhéthddoldug. impeatidulap aspeTt) theatripawill bd foerhed by depositingshe N whi ch
t he di el ect gatelineahateiia lacrobs amentgety ef cinstraation 10 and sdbseqeehtialubliiming t he vari ous
di el ectri c plataizatidrs(soéh as) frs texarople cshetbhzabmestalnicabolistingjgo nerheveitaés 18 and
30. [ 0056] gatelietredterad froetaver mbskitPmateriai4own f orned around the pillars. The
gateline wmaterial is in horizontally-extending strips 144, 146 and 148

whi ch are sdpeaddit e Gatelipenmatarial t2otaheompiised anyesit@le eorap@ition Torecogtbiriatien 144,
146 and 148olxompoeitions. dh pariculanaspeets, materialnl 4dwillicompeses xorsisl ieagertibkyrad, r ows of
the pil | arsor congisked sanductiely-denedisilicorpi Inisams apgects atefiabl 42ean comptiser i al  140.
The gateli nEelah aed/oranetakeompeHRds; either glgne, s ivocanthinatipn with sondustiveldaged or i n
ot her aspec#i¥conot shown) nmay only partially surround at |east some of the

pillars. [0054 The atterned 1gatel i ne strips 144, 146 and 148 can be forned
utilizing arf§059l Ilne material 742 can be formed to any suitable thickness, but preferably

IS formed to a thlckness which only partially overlaps the elevational thickness of
semiconductor material 30. In exemplary applications, gateline material 142 will have a
thickness of at least about 500A, and in some applications can have a thickness of
greater than 1000A.

18. [0054] te ch teagt it GB‘%['%}O? é’s%{% ec %rRJTtLJ.a%S
var

m-d'\m

[0060] The cross-sections of Figs. 17 and 18 show that source/drain regions 150,
151 and 153 have been formed within material 30. The source/drain regions within the
pillars are labeled as 150, and can be referred to as first source/drain regions. The



sui t abl e nmet hodol ogy. I n particular aspects, the strips will be forned by
depositing the gateline material across an entirety of construction 10 and
subsequent I y utilizing planarization (such as, for exanple,

chem cal - polishing) to renove the gateline 3lsgpm over
maski ng materl a( ?485 [0058] Gatel i ne materi al 142 can cﬂc?rltplﬁglzsbgoa‘% sui tabl e

ﬁgfgflséf'ﬂ?we@a'eé WS%ph"}i SruoRULRase P 18 o '%56'85”'3 Aad T
conduct i vel )é‘ﬂyfl" a7 pé relgrre tﬂ@ség Sgurc aé fegions Jo uc,SB qmse

ﬁou ons in sb r =) | %m{a
gﬁﬁgtcﬂ]\%?g 31%1 H p%ﬂ?gat@ | tgFg r? g' %rha gﬁiﬁiﬁ&can be forned to
ess

any sui t abl 8% refera I's forned to a thickness which only

partially 03266&1 pSTr% sofr&e%awre .ahsﬁéua J g %% ﬁlﬁfaqgggféﬁl’%)%nﬁ@ﬁe%“a' 30.

l[‘ errrFI ab fafHi reé;%% 4ddfio Délﬂﬁ‘sn]?ss of
a eas a fPIE wflﬁ‘dyb H% ess (0]
greater thag il é%?ﬂg il e ﬁlalrssaﬁﬁrségi& ) Sext obicaley t hat
sour ce/ dr al gwsﬁ% SntéréBnnectiny thé Millarsahdf¥adfon ke r‘P{) éaweaterlal 30.
The source/ gt 5@,%&%51.9%5&&%1@&3 eBhb k&, Sor&xEmbR na%oae%odurﬁad can be

referred t Ofo‘?tﬁatfdnro? bné Q%diﬁéﬂée?ﬂnébnﬁﬁﬁbrf’rﬂétenaw% &n

PCTI US20041934&8drainT08l6S{ 50/, 8hdisd R/ @ER rédisrd with AR s6dtion 51 aysdggfwﬁ Fig. 18)
are | abel edg@s0l5ibaaiid 155 For exSile did d6RIaS/dr AR Fecich? 189 ah@ﬁsg)ft@ gethél teFn second
sour ce/ dr ai Qpru%]W$ie|b(éffd¢t&Iah§gfélv &dhstrittiohs.f rom t he source/drain regions in
the pillars. The source/drain regions can be formed wth any suitable

i npl ant of qosedyCt ReferingdxaRFiG 1@ anaskingitatai 40 OFiged 6118) isebegadd onal |y
overl ap t heaghéubséquentpainsabtivkiddatefid) 964 is fdredver theuppetisarfacegfenes 150 at
the top of tdmstrpitichalrsulative mateeiall 154 camoamprizd anwstitablenmngositioeddr ai n r egi ons
I N sect i onsc@ihin&idn 0d&omsjtioAs), and tHsomedaspactd willdon{psise,coasist dshentmthyiofce/ dr ai n
regi ons 15lomsedsidtcd ook oFmgre df8)licorhnibidgsilicha diokite rangiboraphosphokilicaté glase |
regions ext@R8G)ithin the pillars and sections, and al so extend wthin
portions of substrate 18 interconnecting the pillars and sections. The
channel r egi[0083]caihbeatetiaptilt s apapingsi! Geaditandmgdbesthraughde expese and can, for
exanpl e, beséurceddrain regiprad! s anthean Haye other openirfgsdnes sbowmcdendingdetiieconduct or
mat eri al s  180wierRIdr3D.regibrs indhesdctiensibppyeendeipitars dheiseurce/diashiegios® 1 Stnd

sour ce/ dr ai ANG £&3, taiexampla). nTherroutcelsrain regions 15@ gan bk elegtrically gonnected with03 and
105 (for ex&RecEor CPh%"@Wd@Pdﬁ'é@’ﬁ"\"@@ﬁi‘MS!'Uitﬁe%hﬂbM?S)n F'@geﬂorﬁé‘ﬂ HMbrm a
plurality ofhrgyghjifersppnasts (netshowa} etendigithindthe epeningsd®62 Sinlarerthe ng next to
Fi gs. 19- 21Souieaisaingegignsvitin thegectiang between pilarsi(hie sepisglEain tagipns ibkequent | y
an insul ati 98 Wed & |eé?m3'5h°qnsb°f95’lnme%t9é¥t“’teﬁé6% %H‘Q'E‘?,pr%'éteo t he

const ructi the"‘FQ@ﬁ?tat | t’ﬁ’ﬁﬂ%‘?’l%l‘""ﬁ%@"@f’é‘ﬁ'“@@ th§ Rilarsnas tushsosi ti on
conbi naF‘FB’Rm?f giriructigns. The eQrsiu §’ %E"i‘ b 0 me%rfy S consi st

essent ially lé_if's 0 "b?° %ESR?FtSr?BP fa}" leth%i con

di oxi de, an b8‘r Safpe '"V °tf 8‘” therial 154 has

openi ngs 158308t eg g!%ﬂ 150, and

can have ot %Vr'ceg @6\2 gtpl 't'gﬂg %'Qfoe( ' evg:Sfrr Q'gyandas: regi ons

in the sectiSHE B2 dairHadinl Pea gorf’?r ealcﬁ fegi ons 151 -

[0064] Another aspect of the invention is described with reference to Figs. 23-25. In
referring to such aspect, similar numbering will be used as was used above in
describing Figs. 1-21, where appropriate.

[0065] Referring initially to Fig. 23, a construction 10 is illustrated at the processing
stage of Fig. 3. Construction 10 thus comprises the crystalline semiconductor material
18 described previously, and further comprises the isolation regions 12, 14 and 16
extending within semiconductor material 18. The construction also comprises the
regions 20 and 22 extending between the isolation regions, and is shown comprising a
planarized upper surface 26 extending across the isolation regions and also across an
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and 153, for exanple). The source/drain regions 150 can be electrically
connected with capacitor constructions 160 (diagrammatically illustrated by
boxes in Figs. 20 and 21) through interconnects (not shown) extending

Wi t hin thegﬁggogi n ? 156. Simlarly, the source/drain regions within the
sections b zgﬁ lars (the source/drain regions 151 PGRYSA8H034583,
exanpl e) can be connected to bitlines 162 through appropriate
|nterconnect’BPe"‘I'PﬁéSW%%Q@P’B}CO%W%E@%BH% Lis ngtedibatvePey sKifesR 26 ¢afe pil l ars
can thus be EP%@P%H%P@G’ ?ﬁPPB‘SBﬁQR/I"B’SH‘é‘I"r(UE'ﬁh §) anthapecfisay theith®ns can be
formed in niteeeRe regiglti3 14and ﬂ@@@? be phgye %ﬂ" age ghmategal 1@(5? suchihele

i ncor por at e8SAeAo, . for exarrple 4F2 6F2 or 8F2 DRAM ceII arrays. In

g;t ggr lgsgic&@ﬁ Pe | nl_\?ﬁ.p i.st o{ C nstruct i ons of

ﬁ r@ %ﬁ ¥Mpesi des,
or in addItIO . the
orial a ec |s

transi stor &8 ? |;gt'?pc§c m ema eec é’é Z au

Anot her asp ra(:

o e di5ediy il Srn %%féH i‘f ?%b §§d25
above in el ma ? r appro r|a f'J eerrlng

initially to cons ructlon 10 is |IIustrated at t he processing

stage of Fi Eééc‘?ﬂéiﬂn géé)& rﬂrﬁeiﬁ‘ B0 SR Wb r?s&th?e Y §lofirlg tﬂ@matenal
sem conduct gty v n§‘éb9!é§tif| i erih ! ﬂfi, r1Ses the
i sol ation r giAl%e feldeth h(ﬁ‘%g hé‘f %oﬁ?éda” al 18.
The construg;,(y@é]d cﬁﬁ’e&&@ﬂ&us‘?ﬁ AE dmél?ghé}ﬁ iIPbe 4t uﬁ'l%dif g between the
i sol ation r§&hu@6}ﬁiuct%9Fhate‘imﬁéb@%tﬁé&ﬁﬂﬂél@dtﬁ&e on@ﬁ@ﬁardna% WEshe sdpebace 26
ext endi Nng agiRistial S ik FRIwR tb AhibIGBEO BichaRat u@é el $8gieHS ard Unddar. 6/ 022765
PCTI US2004/ Qgdond the mBRALINDDIcaR YE DRASrAE baskloGedibethdlatdi@tifsinaks dhe It 1S

not ed t hat uaraarve%mérfs%dmmmea@ah@falteralvamarof the detdeefredifegimb.sinof the

i nvention ( BAmHary WBpects) AthtérRE200 s gRiwnyto ilitkriebEof Fomt ABsig S0®harioaditass 12, 14
and 16 can keabdo30® ridnometerd, ane redfiongBlR T4 &id 1ark Bpadediirodt brey anofip byt S.

[0066] ' Rehbdut i ognaxietérs. Fi g. 24, a sem conductor material 200 is
epitaxially growmm directly over an uppernost surface of nonocrystalline
material 1 B006R)i t ®attednky maskingnmatesitiell isforded oeaxnhe defectdree regigres arsd

conpri se, ceutsegienty agatteralis yarsferredifrooomatesal 40fto sndeglyieg semicebddctasi | i con. The
cryst al | i ne materiar 208! to R0 piltang204 286,208 @nd 2t & (shows in¥Og. a5a doraprising defentn
sur f aces of freé edg@os of matesiale?00a|Sughl pillarh sanithiee be utiézgd inthe peacebsingaused by, for
exanpl e, t Higcussed abavelrelgtivevp rigsc £3+21 tofgrmi iransistarrdesicesshaingmsrtisellyy st al | i ne
mat eri al 18eyandinmehanneiregiens: f aces of dielectric material 24. [0067] The

t hi ckness of material 200 and conditions utilized for grow n the materi al
can be adj usPeeRlsudinatabie differencrbaiveen g peggssimpof figseAdr26 Ang t Pftﬁlgﬁ |y
across the 48dgthghtheisecanssemigaspectermaterial (3o £igep7-9and 208 ohBig(24)ldh as, for
exanpl e, t hé’"ﬂ IndRe Pragessingcp! Figsad-9hie ap Uppaspst ievel ¢! disleqtris G‘?WQ?‘)?’* i$ her e
will be def éelpwiheepnerpesipvelsyt semicapdusinn matesial Hh@Bd isfprmssgn tha ween

diel ectric POSEIHINY ofFig: ?ﬂwgﬂﬁithfﬁpp?’ﬁ‘%ﬁﬁ\ée' ghfelestdc materiatagd ig CORINBHBN s gr own
to a thicknd® pEﬁ@Psfﬁ&?'OfH@teﬂ'é'f%t free regions are unde5| rably narrow,

the materi al é_p(} Ianarlzed t} | at er@ hi ckness of
q 38 : % e %Mgﬁ@%ﬁﬁ pastetane o gs-
égfec?e; (ragfab ﬁ"ﬁ% glng Eld%‘eﬁ L e'?:“l”%b gL élqeaHsegaﬁwag U5t %?VFB‘ a

a

t hi ckness oF n s:

[0071] Referring initially to Fig. 26, a construction 220 is illustrated at a processing
stage subsequent to that of Fig. 2. Construction 220 is similar to the construction 10
described previously, but the isolation regions 12, 14 and 16 of the Fig. 26 construction
are much deeper than those of the Fig. 2 construction.

[0072]  Semiconductor material 18 and dielectric material 24 are shown sharing a
coplanar uppermost surface 26. It is to be understood, however, that material 24 can, in
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to about 300 nanoneters, and regions 12, 14 and 16 are spaced from one

anot her by about 100 nanoneters. [0068] Patterned masking material 40 is
formed over the defect-free regions, and subsequently a pattern is
transferreqwf)i@g)oﬁg erial 40 to underly| ng sem conductor . material 200 to
formpillars 6, 208 and 210 (shown in Fig. 25) CSEENS&ON&“&% ect-
free regions of material 200 Such pillars can then L zed in.th
processi ng SUPSRIRSEE P Q’Fd'@‘@“ ghowp bhqyﬁgg Z%{'a?%thﬁ PY%Wgﬁ dt or

devi ces havP§RjcRnEretoEmalayal 1&&%’?’?@9’9“9958'%?1‘? tEg; (0069] A not abl e

d|fference en_t slsm 25 arIJdt-gg f %s 4-9 is
that the se{nﬁ??éﬁ ﬁ@%’ﬁgﬁﬂ?zﬁ ni@ F'?l %@’6“%‘?3%‘3’ %gonfcg a'??%o (5f Fig. 24)

is forned %egsrfﬂ'ﬁn -9 while an uppernost |evel of

di el

”:atee??;'“gS e’eﬂla L}rléﬂs?ﬁf? Lz;g,,,ed ;g%%;%%i@?wd;% rﬁ?ﬁr P{%i%gtglri’per”mt

| evel _of ggi 9 e wz%ﬁeia il ke m&nﬁt%a'i' m&g Fa&ljal@é(?%] of

reference t 5’3‘;‘?%%;{’ esc£ ed r@vcg |mh'ih|ﬁ9|sél6’s o 9% ?\a?ﬁ \van | ar
|

2
numbering w 41% géﬁ a@lgc %ter r (the'her e
appropri at estruﬁs ?{r&h'afbré |la é@ MoFQr Hograd etcﬂ) G %6&\%% e 220 i's
i |1 ustrat eds@ly RifgeRC@nHetomo A&E $RRIngt ahe ﬁi rsB22Fo 8k 286 and
Construct i oBogddh thén 64 Sidiétted 18 th oEé%@rﬁbHU&trlbg@ rEViousle VR et ér@n&ft%v' ously,
but the i sokgk! @1 RIN@Rorat theldiiarddtoltfangistor Bvicdsbomphisi ﬁﬂé&ué&l@“on are
nuch deeper eftBsdin ado;h%ﬂemgnérﬁse kéme dspeefdsthe Widldcit re§iBRy 74, 19eimuagrdnCct or
materi al  18pans &li€seHhf hé dERichirédionitha’s QpsdimoR suffasds Hpproxirb&dly anar
upper nDst s bedxbeeive ith ke ippetrfosh Surtiedeothe pitlarshv@keraspedisttheiereetial 24 can,
in 11 WO 2edin@2an 66 shijdctédd0HddIS g Bebsingaredase tetetevafiordanRveloi et i on ( not
shown) haveupggenmpgtaurtacasionthe didisdtrid regiahoiodehbath tradse ostweipliargluct or nateri al
18 at the processing stage of Fig. 26. [0073] Patterned masking material 40
i s formed oVee73]egiTea pillais of Eigl 2D cauind aonsidemdes carhprise medag@eéa firsegi ons 12, 14
and 16. [ OOwmbhodrgstalline silggoh analterigl 18 7n the adpactof Rige22 tthdrsemicoriductoe mateviaiduct or
mat eri al 18ofttite pillam@ns §udstantialy @ntiretyttike mohoaystglixiet semiconiductekmadterialiBef mat er i al
18. Such cathelreesaac toothér vednds] thei seimicanductencaatptial of the pillatsadvineistregsertialy. The
i ndi vi dual pi, bt cansisterdd, thalnesasiofaonog@stalline semig@Biugtod maggial. Thés iebodi ment  of
Fi gs. 26 andorrasttatheraspeetsdf Figsef-81 inswhicthtaa pillatsroompgsdtwd segmestsddscri bed
previ ousl y Bemiconducior satasiglwgh theroweramost seament beirasthe mesagbtirst t he shown
stringers 28Semiegnduigor mgtetsleta/v@éhe UpPRerpPstisagraenthaingiacsegprd samicondugtat eri al 24
(the strinf@igiakan result froma pro-graded etch or a retrograded etch). In
sonme aspects, such stringers can be renmoved by appropriate etching. The
pillars 222 [0 976]  Jpe agpre's of dae B&ﬁﬂ"@hé?ﬁcﬂ@%@kﬂ@@?’eBa\tebsecVﬁ@' pAveptagss.ng
descri bed pF gingigfgey exgrniary ayethadalogy Pfdhe P'ieggnt inventon ¢ay hepearpRsatad inte he
pillars i nt onvertipnakprgpesges,yithaut g E-‘igt iASQ P’Pemﬁ%’é?ﬁih 'OQVIShneI
regions. | n'Neaesertinu %1"8"‘3 e go ’!9 9’| B?ﬁa'f m 'ﬁfﬂ be |eft
as is so thg eTW@W(ﬂSB?%% fit %prlaé 8 gé'“ﬁg ?’8 hat el y
?ﬂs’ “ % H
r

coext ensi Vemaékun % lggﬁ% 'é‘l?_; C;?;S aSpect s,
the diel ect app :catlon to uture app?c:Qrons w‘% 'hlg er leverlseOIuce

the el evat i é’ﬁ ”t'° gene{ay?%ﬁgn ‘%(a%

[0077] Fig. 28 illustrates generally, by way of example but not by way of limitation,
an embodiment of a computer system 400 according to an aspect of the present
invention. Computer system 400 includes a monitor 401 or other communication output
device, a keyboard 402 or other communication input device, and a motherboard 404.
Motherboard 404 can carry a microprocessor 406 or other data processing unit, and at
least one memory device 408. Memory device 408 can comprise various aspects of the
invention described above. Memory device 408 can comprise an array of memory cells,
and such array can be coupled with addressing circuitry for accessing individual
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uppernost surfaces of the dielectric regions to beneath those of the

pillars. [0075] The pillars of Fig. 27 can be considered to conprise nesas

of a first nonocrystalline silicon material 18. In the aspect of Fig. 27,

the sem coW&szﬁt erial of the pillars is substantllaé.l%,ﬁlszg Kdﬂsgl,y t he

nonocrystalline sem conductor material 18 of the nesas n ot er words, the

sem conduct or materl al S _consi s S esse tiall or consi sts
Flﬁbegé ?rr

th
f, th 5?"5’9’ tp ray-| '@8 8 %‘faé‘ eaqoup tgar%a
gontragt rr?s % dhe me ’ﬁ k%ﬁl n?‘?/vo
_ ei ng the

utll inf a nt&e e elw

segrents of o & (ﬁi §?%ﬁ .ggra o srbor 109 L
second sem ra% § ag%\ %L 'é(
s on%%vﬁ{o ga\@ N 5ng ‘%epr? A o

descri bed ﬁ'ﬁ jk
met hodol ogy 4 I nventi on can "be PNCOr ora nvent | onal
processes vm addl t | onal new tooling. Al so, exerrpl ary nmet hodol ogy of

t he present nt |F9&g Jgel cgﬂéobreg onit e?&;’r %I ,.eoem conduct or
growt h. fﬁﬁﬁ X g{tﬁuz‘é RN T bal adéb\('fpg Rhchi gsaﬁ L Bisgast and
sinmpl e for kel Ito sem co uctor rlcatl n and can reduce or
at | east not |ncrease the nunber of masking steps relative to conventional
processes. Bggpg anyerficH8elice &ls éalﬂ%oﬂéfp%ﬁmo a MR} hodul rgéiﬁﬁ\b@ ly

shri nkabl ef Enearmmé bR mAdtids{ SItiMs) AR dusIa-lif ¥heMb, fa DiM@YGhsy  Of

i nt egrati on e 98 iAlhdiniplentshtdtioh Whichakif 1€ RAEMAISof thYpré8ent HveRMiGATIhE but not

by way of | iniBmod d&¥ibe cafbeSHEdRSHrABA IntdAnyabf GBI Bf detight WRichQflovidecor.ding to
an aspect ofiffehft Pefd88bf rehdINE R ARd WM tnfdmdTy 8é1R16f tHe(idvice! OAGSuch noni t or
401 or ot heimeing!theGabe Bidde perdtion. Payé fode Bpératiddea 8 DHARM are detiRéd by

comruni cat i ¢ method ofdRbssihg ol A althé belpdrehyd @Ad rankibinljedceesyig 404 can
carry a m cidiferentesisns éidfe arirayo DABY sterad at the ases® dulurbmintersediion 6dn bd east one
menory devi ¢eeaddmd.oulgunwhile tendolenrdi®@cassedconpri se vari ous aspects of the

i nvention described above. Menory device 408 can conprise an array of nmenory
cells, and [080] arAnmltecmte type ofcdgviceds the ekteadist datzsoutputd EDOY memony witich
accessi ng i atows datiabtoded a\® NGy A28y &dirédSTo bSACNI4YI0 24 ©8fput aftarthey cells in
the array. Rddrebsed,cotuimen hasrbeey cloedd. Taismagmarpaparbiecreasepsanke cammumiesion ci rcui t
f or readi ng speads biyabowing eharterracaess eighals willhnait sedidicieg thertinesinavhickerderodnycui t ry
can be uti loutpetidatais ayaifableyomamembor bust Other diternadive tywesrof gevites inckidd08 and
processor 4GERAMGENR SBRAM, SEPRAMeYRAM anddDitecbdRRAMags well a$ othaes syoh A®r boar d
404 shown i PRAMyor Fagsh memorasch bl ock diagram the addressing circuitry is
illustrated as 410 and the read circuitry is illustrated as 412. Various
conponent s o008ty Masrory deyiemdQf@n doRprisrIMAgopeEesdoaccadmce Wi BB ADI i se
one or nor e "¥ye P?R?CW@H}%P’WSW%IE'PFOM descri bed previously in this

di scl osure. [0078] Processor device 406 can correspond to a processor

nodul e, and [048 @ocféﬂé"@"ﬂ‘éﬁi‘}? a gimAlifiechllock; diagram of apightlevet aigapigationiot e

t eachi ngs of"a?%@ e;mbgg\gmnts ‘?fﬁ{? HF’PB'H %?@ YRS OHEWP@éesﬁb‘gn\ieé'Hmborrespond
to a menory S¥EEM L0 'é?é? °'§?‘ ”?R“F?és ?FBr PIOGERR S8tels) Mvs) and

V! pr e Fate
S? ?: i |22 ![Ihg ?ggf ggsée ltee %Bfé c mg ocessor o@%@ncﬁgglcon whi ch
) acon ro u |

a memory deviceé unit and an input/output (I/O)
devnce 708. Generally, electronlc system 700 will have a native set of instructions that
specify operations to be performed on data by the processor 702 and other interactions
between the processor 702, the memory device unit 706 and the I/O devices 708. The
control unit 704 coordinates all operations of the processor 702, the memory device 706
and the I/O devices 708 by continuously cycling through a set of operations that cause
instructions to be fetched from the memory device 706 and executed. In various
embodiments, the memory device 706 includes, but is not limited to, random access
memory (RAM) devices, read-only memory (ROM) devices, and peripheral devices such
as a floppy disk drive and a compact.disk CD-ROM drive. One of ordinary skill in the art
will understand, upon reading and comprehending this disclosure, that any of the

13



menory device can be incorporated into any of a variety of designs which
provide different nethods of reading fromand witing to nenory cells of
the device. One such nmethod is the page node operation. Page node

oper ati onsgj D%g/l are defined by the method of acc of a
menory ceIYVI arrays and randon1y accessing different cgllﬁ(lsjllﬁﬁgo 03% array.
Data stored, a nnlnte t|on and out put while
that col urm""(‘férai&?oeéesc ’é°8ﬁ°s r Sﬂﬁen Wg%f gﬁér &?ﬁa"%?"e&?é\‘fﬁ‘&g? TENe ext ended
data out put i ?Lif Pc?H %{’(\ data Stored at a menory array address

to be avail %865%0% FRULPHL & ﬁ{edtbkb%kdaa%ﬁasa %ﬁba t.gr? s Llsssed Thi s

o gﬁgsc%ﬂtﬁ% ’ﬁéﬁsw‘a‘; i ﬂ,f (e 3§f|‘eiﬁ|e
I'I'

on a menory I \'Nﬁ‘é% ht'?&' ;

SDRAM SL B %E. AL RER oSG B0 mnhéRAM or

Fl ash memorfnaa .ré\?ﬁ . eh SQHIPrFén?Eeﬁ&%F@fde

s BT g s G b D

6 d
vari ous em)@%a I ts r@%&ﬁ@ ﬁ‘éf)ériﬁ!:@\?dl 'cﬁcﬁﬁﬁf?ﬁgtmo?&(g\eﬁ&gtt irgy esent

i nvention. w%%@ﬂlﬂ&ﬁsé&a&&ﬁﬂyr&%ﬁl@&%\ﬁdwgt 9%e€dh6%r&me@vutﬁ‘bﬁl%b‘§ &hdsystem a
process’ conifciitry 88% Sdr@providiig RBYitficiih pRises eMhd Siatent BBY QXS indluBsPg essor and
associ at ed pRBEEYsYr 822EbeREMBRI donfrvifek AINMERR efdimyzt i onal el enents, including
a processor or arithmetic/logic wunit (AL 702, a control unit 704 a
menory devi qeosapi t THE mefritiy @éviderguatrécwivled dbnttdl sighals 624/ ir6m@ tHd)grocdsebiegal | Y,

el ectroni c 6y initing &9 thetdiliZatibralines A Th@kerorsdiivice iBOR iSiliseded storsddtdiahich speci fy
oper ati ons aecrebsedisd FONRED 10Wili B8 tappreyiatel ®y Hole ekifed in TR am that addithal

i nt er act i onsircultgtane @dnttdd ignale e&rs BO provided, aht ehatreHeangmovy\detiee B0R hastid@nand t he

| / O devi cessimpiiedTh @elp deous loaltheinvéntidh.4Adioast dneaft the padckssop 822101 raasogf t he
processor 70&cet80R caminziudecdauéeraery Obstruatitsh df e tlpedebevibexbsreviGdsiyin this

cont i nuousl| yisdgsre.ng t hrough a set of operations that cause instructions to
be fetched fromthe nenory device 706 and executed. In various enbodinents,
the menory deQ85ie 706 vanmeisiltistateth aystéras ofdhis Hisoipsurd atevintendeditorpradidess s  nenory
(RAM devi ceeneral gndersiangingrehwarigug |Digatiday for e, cirawitly ped stpuntyres ofdesi ces 'such
as a fl oppypigse inventian, andiare nobintraded t9i sorveED-aROMNiete descrigtien offallredi nar y
skill in theemeots apd featurag ek an elerironigsystemasing memand cellsrip pedosdearayith hi s

di scl osur e, agAeats che rigsanh@varsiopyOpe obihe 2rdimEmy MPUS?Z@@WI”O-B\!!S'S'PH thatust r at ed
el ectrical Hervpteusiectapie sysipmpcan be fabde ingtholecrRackape RIOsessIng ¢BitsTeRHDr y
const ruct i of¥eNANsE-¢i3ale gerpicanqustas chip; in ofder © raducelthe geramupiodiivaltins g. 31 s a
sinplified BWERN tepcesssand the mamPYAeYicefyani zat i on of vari ous

enbodi nents of an exenpl ary el ectronjc system 800. The s r¥\stem 800 includes a
menory devi d808Rd2. tARBItca %&sfahmampa etz c q{%qtqoglc%ge SIS ¥ decoder
806, row a S%’ Eoqules, ? cesgrivers, qvé?ﬁi“ ‘Eﬂ"PP\Z‘%’E@‘S 9’8%?&?%| te
control ci rE‘B ‘f'? ? P'P'l?? °’biﬂﬁ°\’§m Hgs Qr"?ﬁy' ’HF{'HM

circuitry 8 g‘ g@ ‘(Té tgFr?;’?'?cwtry 816,
and sensors® bbn nﬁ%t Cﬁ ?V'§'%'?1saoﬁe tﬁﬂ"i1 FPAGUe?Et her a nenory
cell isin & hr IHEPER! SSMR] SYTRT, 2t alierat ?" A& ®hi gh-t hr eshol d non-
conducti ng st at e The illustrated power circuitry 816 includes power supply
circuitry
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880, circuitry 882 for providing a reference voltage, circuitry 884 for
providing the first wordline with pulses, circuitry 886 for providing the
second wordline with pulses, and circuitry 888 for providing the bitline
wi th pul ses. The system 800 al so includes a processor 822, or nenory
controller for nmenory accessing. [00B4] The nenory device 802 receives
control signals 824 fromthe processor 822 over wiring or netallization

| i nes. : Y. 802 is used to store data which is accessed via
/0O Iiﬁﬂgsmg?ﬂ@#(*gﬁ%H%%preC|ated by those skilled in the art that
additional <circuitry and control S|gnals can be provided, and that the

menory devic s .bee Q help focus on the invention. At

| east one ofﬁ?ﬁrg%ﬁp(glécé% :Esggé%r& ﬁrﬂﬁ)ﬁ devi ce 802 can include a nenory
constructi om ﬁm‘bb@dtldcﬂ%udmaimcb&dmpmg\al mmdcyysjtaﬂlirtéﬂsemlcdh&wtmtenal[ 0085]

The various illustrated systens of this disclosure a ed.to provide a
Goner al  undch AT SlasataeEdts Mapinihe seriadedi maeriel Aty aBnG

st ruct ug gsfirld 1bMRtudMabgifsttioh e ol ftidn r@@dn@b@ngebawatf&nﬂ%detaﬂomfw as a
conplete description of all the elenents and Teatures of an electronic

system Ggglﬂ{ji"}?ﬂvrﬁxgﬁné@g|5§ﬂnsrpfél& Bonasyetaling gemicopdecter matarigh present
i nventi on. Q‘Blqullt)}mm@!i @k’@ﬁ&l)‘lg%‘ﬁbé,thnﬂldiytohﬁo@éﬁall\}“té {hqudgf ot r’gégﬂ)nrshlﬁé the

various electronic ystens can fabricated 1 n Si ng e- pac pr ocessi ng

units, lines hayieg ddﬁiecztrl@reggqr@ @/@ﬁff@dﬁ@lamrbneg@ns @ndisgminandrctopsedtig@dee t he
COW”'?@(&VE&Q ﬁe'd’@ecth‘é?é!@@ﬁ%the processor and the nenory device(s). [0086]

Appl i cations nenory s can include electronic systens for use in
menory nodul asarrajesfipilars exteedlsg upwaedly froduhe syonocnystatine semiconductens,

roce r, . I n n cif dul.e A ]

Irorul ti FZ@‘@T’?”%%[%E% %nq ogl% élﬁ’ﬁ@ﬁ}l 'fff‘FglP X t“?'ﬂ??ﬂﬂ%“@ dgédgcorrponent

01;] a vaalbﬂgadefin]ed kerizoatal diredboatvmm] |ssubé§taamllg ocmogdmalaotheldﬁfnedf)n a cell
one, a person ter t onob str contro ste an

B F r ar BB et the Souit e AERY b o pefieed hs oletoniegbiamd by o

constr Uﬂbh?’fhe Iﬁﬁg'ﬂm'dlrﬁllylgxteﬁdmg @rﬁp%rbi‘th‘é mbn&tbﬁélhﬁé SedRIBRAUGOMEatRrial, the

nonocrystalline sem conductor material; a plurality of isolation regions

Wi t hi n Bilkars SEMPESIAE RESaE oﬁmeernpmc%%i"m%wapm@l%ﬂrmer@ extandingpwardly

| ongi t ugldhe %Pm,ﬁéﬂ extéiingSahigd:i on regions being spaced from one anot her
by longitudinal'l y-extending strips of the nonocrystalline sem conductor

material; a Pfingt a@t@yowemm@semmwmpngr kegipns ohtheapillarsor t hogonal Iy to the
i sol ation regLonsyd gpgf sddr&‘?&raﬁ@é?@gg%tﬂ,nemé Eh&lornggnl'fméshr@éer the isol ation

regi ons and sem conductor sectlon et ween e direlectric' regions; an array
of pillars exsetradichgnngbvegicis/between tHee’rataMcseyemdibétsrmésem/dmnlmglms;
material, the array conprising colums along the defined | ongitudi nal

di rectlg'h and rows along a defined horizontal direction which is

subst anti al Iaypluralitp@fcgmélln"ecrowhextéaﬂingetbbngltbagéﬁme’.di axizodial dieédtion; thehe col umms

ongi  uRAIA o8RRI (OB of s e Py Bt 1 srsSUdousnchacveh

mat er i ategidngCanddiirs{ &idesexonB sets digolReaRain reditis foRTpGra/plurllity dTerapeigioronduct or
mat eri al extendl cg@y vvardlz fromthe | ongitudi nal Iryéfexten ng strips

first s@gviess: yglyt fngisto %%'%?scoﬁlpr'ﬁb‘ﬁéfrﬁbiﬂ%d n regionf thexfirst set, a

second source/drain region of the second set, a channel region extending from the first
source/drain region to the second source/drain region, and a gate within the gateline row

and proximate the channel region.

2. The construction of claim 1 wherein the pillars consist essentially of the mesas of the
monocrystalline semiconductor material.
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a second set of source/drain regions within the sections of the lines; a set
of channel regions between the first and second sets of source/drain
regions; and a plurality of gateline rows extending along the defined
horizontal direction; the gateline rows extending along the rows of the
array of pillars; the gateline rows, channel regions, and first and second
sets of source/drain regions formng a plurality of transistor devices;

| ndi vi dyial - U anealst Qo ohfif 1G0MBReiThe okl Bling WA BHop iR £ the
first set, a second source/drarn region o e second set, a channel region
ext endi firgt Sempooriduetor material sang wherdinaatteast goroe of thetindivideslmiltars coompegeda ai n

regi on, BMerf Pl sk I P AR it e phE BRIl ot
essent i sdrhigorafuctdnenaterdals of the nonocrystalline sem conductor material. 15

3. The construction of claim 1l wherein the nonocrystalline sem conduct or
material is a first sem conductor material, and wherein at | east sone of

the indavi dupde dnstragtionCstERiirh BewReremaBEEEicOhd SREI0LEE ISR hiRAITANE 6dongrt er i al
over the mesa of the nmpnocrystalline sem conductor material. 4. The

const r uS8MIEPNPCtE MAterial. wherei n t he seni conductor sections are of the second
sem conductor material. 5. The construction of claim3 wherein the second
sem conductor material is a_ nonocrystalline sem conductor material. 6. The

const r ugt i onThsr cansivetion afisaing; dwhereindhe seePnsisendernsustosmateiialisal is a
pol ycr yﬁ‘m‘l’érg&a"ﬁé S&RRBA rﬁg{é}igpnduct or material. 7. The construction of
er ja

claim1l I'n horizontally a cent pillars are longitudinally staggered
relative to one another. 8. The construction of claim1 wherein horizontally

one. another . 18 CoRlSeEad el Sl hepahe seEa M SRl i Capact tor
i n el ecpolyergdtaliimnorcarnomhous sémicbadustorangtesialur ce/ drai n regi on of a

transi stor device; and a bitline in electrical connection with the first
source/drain region of the transistor device. 10. An el ectronic device

conpri syng ttie emeGuctiortdfeminl1 wherem KdrizoAtally adjacent pillars are longitudinally
staggered relative to one another.

8. The construction of claim 1 wherein horizontally adjacent pillars are substantially not

longitudinally staggered relative to one another.

9. The construction of claim 1 further comprising:

a capacitor in electrical connection with the second source/drain region of a
transistor device; and

a bitline in electrical connection with the first source/drain region of the transistor

device.

10.  An electronic device comprising the construction of claim 9.
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