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[0005] A continuing goal of semiconductor fabrication is to increase integration.
Accordingly, it is desired to develop new NAND architecture which consumes less
__ semiconductor real estate than conventional NAND architecture, and to develop methods of

forming such new NAND architecture.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Fig. 1 is a simplified block diagram of a memory system in accordance with an

embodiment.



[0008] Figs. 3-5 are diagrammtic, cross-sectional
views of a sem conductor substrate at various stages
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of Figs. 3-5 at various stages after Fig. 5 during the
exanpl e enbodi nent process for formng a nenory array.
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device 502 for memory accessing as part of an electronic system. The memory device 502
receives control signals from the processor 520 over a control link 522. The memory cells
are used to store data that is accessed via a data (DQ) link 524. Address signals are

received via an address link 5268, and are decoded at address decoder 506 to access the
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[0018] FIG 2 is a schematic of a NAND nenory array

200. Such may be a portion of nenory array 504 of FIG
wdaoobdeyaus array 200 includes wordlines 202i tPRCRO2008/084683
D&dxdt NBtemseedding | ocal bitlines 204 to 204M The

nunber of wordlines 202 and the nunber of bitlines 204

may be each sonme power of two, for exanple, 256

wordl i nes and 4,096 bitlines. The local bitlines 204
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Séﬂ&\lhﬁ@ 1210 are connected to source select |ine 214.
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hecASPUIGS % epeteAuUres $91eqiiag device 310 issentestedtiopaipine) source

nnwd@ Sheiofdn 8t ea%:h@b@#c@ s@@eﬁr@cfﬁev%%ﬁ'm ofi@Eor¥aidR k& ihelddBree of the
drain of drain selectin evice 2 12.Lis connected to

firtrRarQeeEAP PRI rangistop 648 Pgﬁhepﬂ@ew@wl@gw AYNEREH For example,

thg‘dfalrlﬂ of stlede s’ﬁleoﬂi&@d@@@ﬁ(ﬁ@‘é codASdted MS%BU&:Q ﬁf a‘far@@ﬁf@ppmg
rain evi ce i 5. connec to t

SR R e Aot S TAG SHEFaer She S9CBFapHES devices 210

are@bnmmhtdlsngrcblébllac’slmgimg 206. For exanple, the source

? E ed allne 8fteI 9 dga(? cgtmé%’emg% gﬁg gs(n)c‘g)cﬁ%%ge% ﬁ I%Sal bitline 204

arge rappi ng nsi
foctmerceerpmmhplrmg NWANDs it g imhag d@06cantddt 228.3B&18xp0pieP@e drain of drain

seﬁi&?i% ﬁg\ﬁée JZ\IFQC |Mc%%eﬁ%ﬁl%3 {hgqgc%] bufﬁ'ﬂé!'zeﬁ fEF@%@'oﬂ’gscqongmg NAND

transistors string device
stang 2@ apd@in contact 228,. The source of each drain selectmg device 212 is

connected to the drain of the last charge-trapping transistor 208 of the corresponding
NAND string 206. For example, the source of drain selecting device 212, is connected to
the drain of charge-trapping transistor 208y of the corresponding NAND string 206;.
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and a drain 232, a charge-trapping material 234 (which

may al so be referred to as a charge-storage material),
wanpwomowasit rol gate 236. Charge-trappi ng transPGI/USH08/084683
D3Rt NaveItheost control gates 236 coupled to a wordline

202. A columm of the charge-trapping transistors 208

are those NAND strings 206 coupled to a given | ocal

bitline 204. A row of the charge-trapping transistors
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|s at a c arge-trapping layer
ced$ afh@é -extend ygaicamtreletivg toaswrpomhgsiemmn@mﬂormpsteate ends
[@Hz@gg @%b%&sﬂnpg é#ﬁaedmtbrbcewfoﬂmmg%%aﬂﬁwb%n cells s

for iIns ance, he contr ol gat e structures
desgﬂtaﬁd wfhyreferancgrte F@&n%‘ﬂ Pl anpthgs jsedaspiip i r@@gsnceéﬂ figs. 14

arﬂsorss m@’ffeﬁéﬁb@BQw@b@ﬂ@ doRRERGE Fide, 5185 hAG that Bf #.5@ 14 and 15 is
for instance,

n (
G G el 9he o 3o gral gk 54 phPige o1 1 and 15)
extenp ralldis@@etéyttlﬁgi‘dj@ﬁﬁels ﬁgth@@mtﬂﬁﬁﬂent bPeige]s- Rﬁff@’f |h$t§1tgset fhe control

t
oe Fpree’ 28 G BB Hi T ST 46! bifuertng Selg s no
extamyl Serid thb kelestey devivesi ot tbe emmmnt oftfigor 4 eaghbridt inetance, the

coR{r na%"(% &Rﬁ%gé 9{ SR ftFI aqo N3y com?rl%g rtI)&Osrg e%fér?gn&)e!v%es).

LOReP ] IEs2Eh
[Oﬁaﬁbcr fReteairig tn&igidl & eermcoﬁlamrmnstw;ctl@ew sfstowedb tan@ise a

seﬁllgb%@h&gpgéé%t@' Eﬁa@%?b[nﬁéﬁc lng)rég gﬁ)ﬁ a@*é? {éﬁﬂéoﬂdHJ t8r @d osition or

I nterpretation
combinationq irQnsiusiohsermpasétions, angimay fief iesample, comprise, consist

esSORRIY HE bt Qéhsm@mm@&%%@m@é‘ﬁiceﬁ BLOSis ﬁtaf be W&?Re@&yas a
construction conprising sem conduct | ve nmateri a
semiconductor substrate in some embodiments. To aid in interpretation of the claims that

follow, the terms "semiconductive substrate," "semiconductor construction" and

"semiconductor substrate” mean any construction comprising semiconductive material,

4
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4 M 22- 3951\ pOLl- PC. docDocket No. M 22-3951 i ncl udi ng,
but not limted to, bul k sem conductive materials such
w@32009/0sau$ conducti ve wafer (either al one or i nPCT/US2008/084683

Dasiee Ml VES2-gospri sing other materials), and
sem conductive material |layers (either alone or in
assenblies conprising other materials). The term,
"substrate" refers to any supporting structure,

includingdbuigot loitedrtotbulk sanbiechduotivet hatesalsssdnakue sermieonductive wafer

e‘T’tHQrSJIBrﬂet &n gg&?‘e‘?ﬁﬂh@? gorﬁgﬁs\frgq otﬁ‘!all rﬂg’tgﬁg\s gﬁg sé‘r‘%lcbl’f’du%n\?e\’\Matenal
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re?&g [ic?ér@p%l%pbﬂma sﬁ@cﬂb I%omglglal\%\mng %Lﬁ HBISIH@H% 39@%%@5%09\%3

ers-associ at e rate clrcul
Slitéﬁmeééjﬁwmed laRowa ohtherio baseeth is Sh@,\mt@ healyanegemays, the base may

c&ﬁﬁﬁs%srﬁlﬂ{éﬁjods%)%‘ %’od@érﬁbﬁlmgﬁg akoi iRLEr&o BQ?&?Z may correspond

a ers, barrier g ers usi on a ers, 1 nsu
to] aawlgondé'@@r sut{S@r@@nonﬁﬁ@n% 8820 @O@H@Wﬁs assprigiad witoniggrated

cifeUTRARCH G, N AXudHEEhBRiment8Nlich I&8Fd M 5&|’esb€r§d #bné or more of
surroundlngthe rrem)r)( array region. Utinately,

Mtk BYSFCIEes)avars g ar yRYeEs, fjtgfluﬁ‘@@l 'W@hl”ﬁ“'?@@iadﬁr%etcand
[bomA|c andhbase BidmBIN @Ividéd'drﬁdhgﬁ%m@ﬁloﬁﬂér@de@bﬁ B &nd a peripheral

Ref
O RS RE Sl e RO Ay oo b et erg airsgouts i formed
witlgég irayiorbs; ahbéogt@and/yr atiear dDwaryDI’rfai?d)eb@’rmyd@Whm fregiod 7.

03T BReRE R a4 § Fined 8 bt it 8 o Pmemory
aWW@'OH@ tThe camigkmapbé amed b eraitinga patestedinastomobshown) over

bzfs'eg1 2 ﬁansf&ﬁxgé%taoénql%% %esrﬁé{%;r Hg%'ésé A5 fagﬁ %g%%@ggrﬁﬁving the

may Correspo nonocr 'ine silic
magk @dﬁ@eéh@emvw‘emrgtrucpt@lomrlg%f Ervitynts has dHogermdost surface 15

WIIHEW ey cgﬂesp?on#l 1o %aoﬁsttﬁlﬁﬁfe sifican?f 9%3@1% K ﬁf@ SRSUHGLRE.

terral are In CaVIt ayers may

[%‘%ﬁlr | ?@f%m@rﬁr@t%layme?% 2l |2:2®ﬁ3 &4, LarNALPE pf @frrwmductor

meeﬂHF dFQ'ﬂQ&%M%\Fﬂan dalRy $4.| S&é?ﬂa PG SoRbRSEMbRS é?éﬂﬁ{e S|I|con
surface 15 of cavity 14. ayers 20-26 are s

epiexig|ly @PWQtfroﬁng%%Y%a”dﬁe ?ﬁ'lqop ﬁépwﬂé@’@éhﬁ* towisd E'@faé’ﬁ 15 o cavity

147at ey lapdrs 20D6Mré }ﬁﬁlﬁNrdl@F&daIt%ﬁmtlﬁ@ Wé‘l@t(ﬂ) h-typd &fde@'semlconductor
specifica 26 are n-

e e R S SR o et AL oSGl P 50535 26 and 26
arléfn t&p@d@%do&zﬁémlctﬁﬂedosmmeﬂaln dh@l‘a?%rs(rjmt 23 hied 25 ?r'Bhﬁtype doped
r - 26 | e in dur | i tax
SR GE MRS 2o oS4 P8P BF aEl el Bl rown of
the daperss andlyr dtdeabd peelofaht dayegyosy be dbpddredtel gyomith biythe layer by
"@%ﬁ\@%%t ﬁ%’%@tla ept o the layer. [0030] Fig. 6 shows

nensi on view of a portion of construction
[@@B03 onpid. Sishgws h@lre@cyimmwsmalzsew ahapsiee of ¢analrligtios HOwWsmprising

thé Ieﬁ% gé Eﬁg%g%ﬁj él’?d/%soé th?eé’@%h?@nél%ré%l &% '%ﬁ;ét%eled as ‘6"

eferring to renc
'nfﬁiﬁ%d t hrough the epitaxially-grown |ayers

[0031] Referring to Fig. 7, a trench 30 is formed through the epitaxially-grown layers
20-26. Trench 30 extends along a horizontal direction parallel to a horizontal axis 31. The
trench may be formed by providing a patterned mask (not shown), such as a mask of

photolithographically-patterned photoresist, over layer 26; transferring a pattern from the
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20-26. Trench 30 extends along a horizontal direction
parallel to a horizontal axis 31. The trench nay be
wo eooameli4ys provi ding a patterned mask (not shoRel/USHOLIB4683

DéseNBBSH20R09ahot ol i t hogr aphi cal | y- patt er ned
phot oresi st, over |ayer 26; transferring a pattern

fromthe 5 M 22-3951\ pOl - PC docDocket No. M 22-3951
mask to underlying |layers 20-26; and subsequently
masinovindgriifelapers 20126, hedsithsbigentin eamowwast miskit®Rave the shown
mﬁg@g% Trench 30 may be representative of a number of
trenches sinultaneously forned through | ayers
[01[32126 T&m:h 30 meydiverepreayntbivedif @pluaded of pavafiedivenchiest her

- . di 3
I EEED LR PILAATGS 2B 0DRl o Red 1 2 ol o ono
anothen v ¢lipastiors em@gbrﬂwogpmmﬁtxm& endinmy ¢achExtpnd 8long a

hc}rlrzgﬂglrbl %Qtlér’?’pafrélyél ﬁ)d%%‘fzbmaﬁ%x%cé{ ically insul ative

I sol at1on mate I'sol'ation material 32 may _ .
[QA33pbr i Sefening t@Lﬁlg Spirenchoitps Sllad Wih electdeniisinsatativhisolation material

3L QBRI hRRfal s@nﬁammprfseranga%\eecon%@r%h %feorﬁgﬁaﬁioﬁtof

essentially of, or consi st one or nore o I con
coIRgRTIgRS; #RE Mty fon XY BRIP APEAris - geneiFieassentiall ofrar eqnsist f one or

mémi df BiliboWikxiGd Bh@&Hy d)fQ/aF[&Eselb\lNaJ SelBRHOBatlri@]sq@ith | !d’\?v k dielectric
materials that have a dielectric constant | ess

metRiels Beingidleleyic BRisYR Al R dpleRiic SPEiRNesS ‘gera gt iicon

didxddyave an upper surface that is coplanar with an

3B o RIERRRR B Fpaieing URRPeT T ee S0 (P BBRT 1T an upper
surfaenciia@d 26ardiich bemstutiidr mayige Hhesd balnitratg Famingahaterial 32 to
o B THe] RO PR RSP R Rl SSE Birgmave orcess
mairtia3difrogn awsids of tmttenclabn@Rrratite playeize@ 8urf4d@08&dnding across

1A g. 9, a pair of trenches 34 and 36 are
m%%&ﬁé%6£%lég¥gﬁd through alternating n-type doped and
[Q936} peRelepény tb &yaOsa pair gbirenshes 8handighaiedoiraed torextend through
I I
alt@@%ﬁﬁ% ﬁtt¥%ﬁdcoﬁgg =l Eg%%ée%pt%ragaa/%ﬁs %@i‘f Eﬁ]d t%%ﬁ Rlia (91 fhaterial 32.
Trerahep B4 @ngl §6 aeaybe iefestediie apsecand tr@n@ftQSngml &w ttenéh 30 (Fig. 7) may

bel leRACHES ad4 firfRterddh HRUITR u@x th%h%n&ﬁ&oﬂséid% RA&Eatlhe
Fig.. 9 fromthe trench 30 fornmed t he processing

pr%fieéalag §fageiog Figy9 feEoae frengiest ﬁoan%%téh%@mgﬁaﬁ'%stéw ghfdg- 7.

[cmlaepg Ties ir@ihea 4 dhd 86 f]gkféﬂa atdl”:\@gwgﬂidlhtél Hir8aRas a{at Iaﬁé drit@gonal to

r.zo lretlo trenc n
e Pazores Biertn 6 st e s DA Hp i v e Land S8 X pryparalil to
ani eS(tsCIIEI thagie pahodamat teehaxtis 38 albngwbieg twiatie BO ig enalel.30 i s
7] _Trenches 34 and .36 be ,

R oo Drpat V2 s DAY B oS o MR Chlmily of rgones e
artafoemédn tor@demobpearalleétujam3ml lel to axis 35.

[0038] Trenches 30 (Fig. 7), 34 and 36 together pattern layers 20-26 into a plurality of
vertical structures 40, 42, 44, 46, 48 and 50. Such vertical structures may be referred to as
vertical pillars or columns. Adjacent vertical structures are either spaced from one another
by electrically insulative dividers corresponding to material 32, or by openings (which may
also be referred to as gaps). For instance, adjacent vertical structures 40 and 46 are

spaced from one another by an insulative divider 52 corresponding to material 32; adjacent
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[0038] Trenches 30 (Fig. 7), 34 and 36 together

pattern |layers 20-26 into a plurality of verti cal
wG@reogovdaes 40, 42, 44, 46, 48 and 50. Such verP€T/U81008/084683
Dot BloUras2-nay| be referred to as vertical pillars or

colums. Adjacent vertical structures are either

spaced from one another by electrically insulative

di viders corresponding to material 32, or by openings
veériidel stiuatengs 4R s0d B8 are$mcee thoincmresangties py afrttsulatiat divider, 54

' i 1L.G&lanS n r

B Ra ihyhd oo MRl 80y 1848 AP ST BR ARG rom
onepammita by an i3latiyd jdivicken 56 60képRnE85 10 PEEriBG2d dddn ekjatent

%}lﬁcal M]rg&u rég 56 ah8 ﬁ%i}??@#a%ga H?%%n%sanélﬁw\??gg ?ﬁ’ gﬂg{l ﬁg 58 Rf\%‘?& is the

om one anot her Insulat1ve
paybeirteansbRaibatyveacn struciarasA0 @242 rmhdadjesepimerticel stiuchlres are 42 and

44?5!9%%9&@&%4&@@ b@%n%@@mﬁ@@@%ﬂ%&ﬁ AThOR& QP{PéA?:ﬁ r3§?>.étv@erén

I nsulative divider 56 corr to materia
stpycipies 4QipadéMt vertical structures 40 and 42 are

[6@sged Fferfémg%eagnm hferRl @Nc2BRAES Qre'sf%rr{n!@\'/vﬁrgln lrénéh‘%@ 34 and

(gart of trench bet ween structures 40 and

dMaleanle 62ep4 RS By GerreRnesd i nngl diglepticy ca@réeépwatenal

aféh blba(nd)Mawa;app@@bmeQO (which is theogggt of

B ot et R RTIN —
cdnagasRidngyi dnldinmayt, feeeeb@sle 3braitide Ioe olVaiods bfadilzol dioxiad, aalk

SRR e b DO Rl po PSR o

hg\va @ fielEhictcunsiaht gieaeeaban that ofesicoo opide seichay, fsmﬁaatpllee hafnium
oﬁ%&@é&gwpﬁ gz(ig%,oaﬁ%ﬁ?grg)%tghogv%t%f %WB\%%(I élel 5{?% %oraposq%ﬁ% In some
erhbegimintdi toe dgtnel deleonp oy tcoosist o(f wadglmm@hpdsmdn éfbeuosuan@e silicon
GiGATRIRON! QBRI i BRI dr ik AERRMC h AR A ok Bmbodiments,

ectric’const ant greater
thgxirie! diglgetric may cogpriek awpireompesitian giackki Beampte steelsi areran ONO

st @€, aBlRNYRINitH8e/s RS alox@@ghéoﬂvﬁ'tﬁdﬁl er\cf&hér’ fulti-layer

conp08|t|ons In some enbodi nents nne
staigks|COBYFIFIBY Mgp-komAleTiale apeopsiligangliexidarshailew-kmaterisis.

[001Y anGRe cﬁérpb%ﬂﬂa@! P%lcHE may CMpridb Bz lor Hokd @r%‘i'éé apping
mat er.i al dielectric material). In other

CETRSBHPRE e E Y G TaPO b9 BBEEY e a5 melslsr g eemiconduciive

nemchbtls SNERsjd- ﬂreﬁp’pn@d iBSkStive B@@ﬁﬁl@(s&b@ggflhwﬁlﬁﬁeﬂ“@he charge-
Itride/s

Gl somieh A podits M oD Reb i embs i oruaie
meteripniiscmigan bghotlberimeléchaag s rapmingr Exdntple mﬂuldtlm«naitenals that can

beau %/dqgr %rﬁl%'c}éh gqhghér%d%ts rggn Jf(lrla-,:s go Cgrlflslr ec%nlsétaogr a e of silicon

S€ one or nore
dl@ocdmcasy of arous EbghMlde@h@n@timatsa(m ||n$gam:erqimmnwrmxslleahm‘mum

{[%:eté%rédnﬁm‘?ggdéeéﬂ ﬁgﬂ HF& bfv\%rlg @?@f giel(es |g materials.

trappin ve na ) ch™as silicon
(o042 i d@bﬁe charge-hivcking Mypderiabmay eomnaliser orel orgaerpelestsically insulative

cHRHRCMBAS anki eayN RN €L Sle B R8e SRS AGEE AL Bnd/BSIKBld Nigh-k
dielectric compositions (for instance, aluminum oxide, hafnium oxide, zirconium oxide, etc.).

[0043] The materials 62, 64 and 66 may be considered to line vertical structures 40, 42,
44, 46, 48 and 50; and in the shown embodiment may be considered to partially fill
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material which may or not be itself charge-trapping.
Exanple insul ative materials that can be used for
wepedelisng) t he nanodots are materials conpri si PQI/US®08/084683

D¥ok& Nf MDD 399N di oxi de, any of various high-k
dielectric materials (for instance, alum num oxi de,

haf ni um oxi de, zirconium oxide, etc.), and any of
various lowk dielectric materials. [0042] The
opérangsess8dnaidd togramatveuctabpeararygsc dmprmaenamez cﬁ4 amidree may be formed

S84 BRI At AR Y SR AN 1 BB Fmors o o
lalyegdepositiore [AdY) r ¢henicaipasirtdieposstiqnf (G D) restdgphysical adaporn deposition
( pde, haf ni um oxi de, zirconium oxide, etc.). [0043]

‘materials 62, 64 and 66 may be considered to |line
[0844]i cdn thetshgenembodipment,4gnnel dicledBic naBerigd 62 KOmsanldyarmnvithin

o) SR AR b 3 BRGS0 P e
mgirsial %@ndsf@e&hargetblq%mgam&t@rw §6&91mMIpats mifsin sTefeupwardly-opening
ccﬁm&lﬁér‘ Akt Brally ﬁﬂti‘@%n@ﬁmeﬁrﬁﬁd RErdRiHESeRment i al Iy

ut| i zi_ng any suitab groceSS|ng, i ncludi ng, for
[84Hp! &, heé%%f%?f fn%i%a'%@ FAHIAEE 3§ Poye fporamnrisn uppgrmpst
sGRRES Gl adadROs ke NPRithd @ébeﬁ’r@yﬁ)surfm A RY¥SIcERIUCYGRRterial 26 and

. depositjon (PV 044 e shown enbodi
@P@ﬁ%matﬁ”é\%’u 5?08 "E%& % ﬁg}e&%maa'\vemvnw?ﬂﬁvws of materials
6z,r&mﬂ 6860 tehi@hd ooasrr@@pomcé@ommi@mudbym@@ﬂauzresgand isolation

C e char ge mat e 64 a e,
e G Bhe [ ad e Rl e e UM fhniohg geaiials o2, o4
am;p@@frdhywermaa|upgercsurfa@asrtﬂlsemimhdmmrtmaibhad 2Bialht idolegion material
§ontalner and narrow the contai ner. [0045] The | ayers

of materials 62, 64 and 66 are shown to conpri se
[0} r mbteferdng fodfdes! 1t betttrohgate souglima a2, v atd Tthare formed within

tr&HRIROIAMRSS coHof g&s&rgcguég%cw%%egrem hhr?@er%ﬂq% Also,

i solation mat acco
elpgtrieallylinsplative afryriures evhicympy abﬁ bﬁaeferre@ntosaseﬂ)acm) &41@6 88 and

9 BrettBmeaet ith Qélﬁcrh CMPQ:% el%&’t%é@@%d?%ﬁwé %m&gﬂg Eﬁtéllr 96 and 98 are

material 26 and isolation natéria

fogmed WEhin §eprafar TheansiaiverssHCciuRs edn 86, 88V 0 aiternairvih the

cd’iﬁbﬁ@dté‘%ﬁuc@@fes 62 @%06@ \f\/lﬂﬁmr@r\{&f 34; BRd YiRk8fy ﬁl%rlﬁs%%@l%e structures
sem conduct i sol ation materi

923 §4 ?@%?8 @iéq:né@tﬁ |Wl‘1tﬂ ﬂfeocqfritrﬁl gqq str%w@g 4B &Ej)aqr@l 82 wnthm trench 36.

Legdef HiShtigresndlc? othet dﬁt@cduom o@bsSuf@ﬂ@emMudshhéy lﬁtﬂl@(?tﬁﬂ S the
are 1.orne

: nd . .contr te struc s, 78, 80 and 82
Al el B o g 480 oL gts styogros A e My be
seddatively dessitéavby ohe nat}oﬂab‘smubend eVexred to as spacers)

86 rmed within tre 4: and .
(G717 e ot gdh b Rule i {ectlrb Bt Rok B el genaucive
CoamF@Sﬂlon necbrmbltlﬁlqm of eleatrialBGzondhdive msmpadiiions, aid may, doresxample,

I t
odfbrisE e BB olinBls FERR| frhetdhob N R i HoclA! G, metal-
cositaiingeorppesitions fouinatanges natalundtide, enetal silicide, etc.) and conductively-
doped semiconductor material (for instance, conductively-doped silicon, etc.). The
electrically insulative structures may comprise any suitable electrically insulative
composition or combination of compositions, and may, for example, comprise, consist

essentially of, or consist of silicon dioxide.
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92, 94, 96 and 98 alternate with the control gate
structures 78, 80 and 82 within trench 36. Laser
wabkloawaas and/ or ot her directional deposition PCT/US2008/084683

Db&ehNbOQUED-BIsyl utilized to formthe alternating
i nsul ative structures and control gate structures;
and/ or netals may be sel ectively deposited by one or
both of ALD and CVD. [0047] The control gate
[G048lict The somteyy geterspucts&asa’lmgeman wmbiwnelcmtédtma:ralaieylal 62, charge-

stcg‘rg 9H1 ‘iér\é?GE Q:WB Iéc‘%n\ %at&? bné'?ﬁ c?o e8 re fo) %Cgfrvleﬁ|calls¥ructures
ne, e

403 éﬂp4f4 é@ 4ﬁn@10b50 iomn@ nblﬂrawlapf @&meﬂei HA_ND(!fI”(IirCGIImSIF(HnMEance in the
sh%@ﬂte%%mméﬂf 'ﬂ%?é glrél thl%tect:o)'ntrolrﬁg eaét{hgﬂ{r?ér @gnéb anc{ 8%) formed within

mposi t1 ons stance, net a
tremh 8P ddhe gprtrol gawcstr@@wm& 9e pyd 82 ey derdigivpdeloactirom one

arﬁﬁwte‘? 'bb?é%érf PEir eré% G RlocARAGHRAM tVeIcH -3608%(3%5!10‘@“’16 control

ectrlca é I nsul'ative structures
¢

gaé%ﬁ*mls"és Zﬁ)ﬁos‘%ﬂdte@dﬂéy ederredialasyr hatlen eenfrolegate structure,

mi‘éﬂﬁ&ﬂ?&b%bﬁ%l@%téé?ﬂ’@iu?@&h&ﬁp%%nt‘?&@ﬁfésétﬁub@?é res?i%gtl\@%/y 'The bottom
for exanpl e, nprise, consist essenti al

copBplgads St()‘fc“éf? I7F36’8ﬂ¥ R 'a&qra@f ateg injp asetpgting 6@1‘2%3@0 of a NAND unit
ceﬂ?G@Q{ﬁg &dp d&htrol\éatzﬁstm}e B@W]beTh&arﬁ&ﬁfe?tho%ﬂb?er sele|>ct|ng device
ryc nnel dielectric materi a
1085 T R Bt P e el emb gae oRp Gt Bl ED My e
inceb@aicdlint6 @, stmfgijaﬂmﬁa@Moeg}ewm\JDUnilVEéll; :\/\ﬂﬁlthdsl}lANDtLMﬁ @8l 110 thus
40,. 42, 44 46.. 48 and. 5 orm rality o evi ces
oot “Rup fEndTeh bwedt el pilbns “Y a2
[G04BDdi Refetrirtgieseleatirgy ddviced 00 osuch @bmpeis e Siannmremms 93 within p-
7 8 ] j ' nt rol
vl ool RRE 1 lr R Gl Dl O i Ry B AR 20 ana 22,
andrregiviomes tamtl Hietechiie$@d clumge-blerageahavud! i6d mat chw@atumhmg material

seVidnbdh éd'n%g%tég%u@ur}g 7@%%8 Iy ggnxeltra oﬁ9§§ fm'mgeﬁo%vn

structures refe red
enplscinernt cfmtrptﬂat@atf@w@ 8% bmween apar pbehaane r@@ﬂm& 93, with the

chdfheé r%é&%éﬂ&orﬂﬁ%rél@%pﬁ%ﬁé QHeQ&ttﬁe SoHikF GAE Structure 78.

res I vel he bottom control gate strtcture /8 may
ncB?fﬁarr@tteétrinatdsv'ae &4 seeh pRMIIses chanedregions 9RANIHIN p-type
d @dJI lay6€2d, shdfds thdur@PdBRNE§iBhs @ﬁ%ﬁh §élé&ﬁ\b%@lc§20@&:\6mpn5es

orporated i.nto anot her selecting device 102
Sovwsfo{{méﬁﬁﬂstmaéﬂmhm h@eRRed Y eratedn P@ner&%ﬁﬁ%@wr@%@féunne'

digiédtitcé2) ichage- sl‘t@:;[géJﬁ]atdﬂléﬁ@@fcadrﬁﬁgdhblbmrfl\%&bfehQIQSGdcﬁUWﬁOCOntrol
D { ce t t he unit ce
ga%%éyc&w Bﬁ&f‘ﬂgv&a{‘i‘%éﬂ? ?/'1'5\/\% hin trench 36 between
[0051] i cAtfeadigumssledingateticd 202 [éﬂﬁﬂ@bm&ﬂéesrdhan@el rayions 103 within p-
ty@ag O%I%? epy%r Q? Vgh%?eéjtﬁ)g aoﬁg&gracnzrnalong g§1 Eﬁ gp ing Hevnge %C:Zﬁ gomprlses
sog&eanan Qa‘glwsﬂrQSnNﬂhurt ryp@ediop@djlayaw aneoranrmbeszegmwa tunnel

dlé'lgcgtllc,o&g cﬂ Q?E%qug%%rg\'ragéggﬁ e qml? kg{g ﬁét%Fl@%t%vb\egtween control

gatﬁ)ﬁtucmre gaead &qu@ﬂmléegmam t he channel regions 93.
[dOBZf hepgbeiie %%@mﬁ s %@Eﬁ@ﬁoé}é&r%sﬁbﬁ%% W faif 8 efelting

between a pair of regli ons ,
device and the other corresponds to a source selectmg device. The draln of the drain
selecting device will be connected to a local bitline (analogous to one of the bitlines 204 of

Fig. 2), and the source of the source selecting device will be connected to a common
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channel regions being on |aterally opposing sides of
the control gate structure 78. [0050] Referring to
w@reovg4devi ce 104, such conprises channel regP@ONESH98/084683
D¥éKehND. PHINVPpes1doped | ayer 23, shares the source/drain
regions 97 with selecting device 100, conprises
source/drain regions 101 within n-type doped | ayer 24,
and conprises regions of tunnel dielectric 62,
sotinzr e shaoguye t@ﬁteejon&horﬁdbumwlneizas@eﬁgl B)C Kihagbitlines and common

I ate struc
sl SRLE L 17 BBy S BEr R8s common
saensi lives 16y, cogasprnddoplectiesllydoadusive firgs ransing 08iowi layer 20 and in

el%g%&m/ ?ﬁrﬂ?e%ﬂ!)r?%ﬁﬁ s&ﬁce/ér%g{l%alohgﬁw Ei Lr”zﬁeérgcr tﬂ' cﬂeglgin R8%itines

string devic sourceé
andeqgimynen smfscewrteh|mﬁm@p@or@dp@@cmaylbfrcozeuctaa dines running above

Ia BBIAna§s eleBSEAR oﬂﬁe&}ﬂﬂgﬁth dl%lefa%r{ }e%bqgﬁg'nr(laxer 26. For instance,

ar ge- st orage ter char
Comit'@“r $<a4r066®e§éwé@1foamﬁ apn-typgtdeped efwmabéumn@h@wqaﬁethe

b&taﬁﬂﬂﬁér Zbegﬂueﬂ%hérQ%ls %Wé@]or@@apﬁeb%&ﬁh %P@gf FI% 4 prior to

devi ces and 102 corresponds to drai n se
the gpited! QW'@ RE2WIE corresponds to a source sel ect| ng

[(ﬂ%\ﬂﬂ CeAItﬂ_dl@]hdfnélsﬂlr@fdeK/f&S icH. %hﬁrg%ﬂ##fbtdgﬂﬁav@@)’ﬂ@ﬁs%b\hn in the

?e[ﬁgﬁﬁ @ 1a Ir())cal b| ti ned%ana gous. to_one AND
ex@ﬁ’é’ r%‘g cotA1Qihgtp aype m %étwﬁeef@eaformﬁ% '” N unit
ceﬂ@ufmesahe@dlm@gtsdwi mstavm':é Itheb@ n@@rmgg@gsggqlgt@v@eg,ml Afihg

. 22- .SO i.ne

dedigh 2 SR e B e Bt of SRS e aaR Byl often
de‘ﬂnedhmttdapmsermﬁd/v@ommn source lines are not shovvn in
[(ﬁisgimlﬂn th!ﬁ: ghg\%@rﬁgg@ %%I gtr fégggllcgf?gee%rtdc Lir%S {f?r Ie ?rlwf control gate
strooluchscts, 86 anfl B2 of NAND Lng det 1 vQ) draperizoPGailpatignea with p-type doped

re@bﬁscgsa g&g.gefneds&ﬂrb?gsth%ﬂuwepyhséggptﬁ_ﬁ geg@ia '%r{;?%l%'ﬁnﬂ%’f)(bg doped
re@@m 2b; andwé@orﬁh@glwen@c@wmu flagh ebmeoryrdedahave chanuel cegiors in p-

typd a@p%drs%mdaeuagwste laygﬁd go%r@éﬁ&lafnr}e@bﬁ&w g@é %oedF o

connection With source/drain regirons in

seMirangueler maisAap Analenus éo NM%%dﬁWSbéﬁ pfbph@ab@cﬁmﬁntﬁytbe control
gaftoRpFEAMAG b hbHiHHtaﬂ? ahgnRBkith the 8-thed dpBulrayiehs %hat the

Such channel s orned at the processing st ag
chplprée rqgl?ﬂsl e I ra)t;%éﬁéioe%qi §%{legrde§}06\maft]er@§ qng)}}gﬁ safce draln regions
aré %@beﬂbb@@é@ﬁc@ﬁﬁxc&i’ friafeliafl @t @6cdrblingly the individual flash memory

n C 104 is shown in the exanple
Ceﬁ% l?rﬁnla%c%gﬁ l%lﬂﬁesé qe‘?g'lc‘és may be many nore string
[ad)sﬂ] cem the)lslmnlh emb@éﬁ&ﬁd@wtumetcol&bllgateoém&mm aphldsamaiatical

6 string.devi
th|c nrels%] g§ 31 g do S(—:‘lgrI ﬁghaé ® cogirol g%tt%stru rﬁ%alieﬁéonzontally
allgmﬂm@th d?orsmsrtam:g @mmot%e BinucurBXRIDs bovizontady hligrket euth p-type

do@ﬁ%?é&ﬁg\ 30 an? ﬁgntf:bgﬁ?{e sﬂ{xcétg@%f%aggag\?éméanthﬁ:{kﬁegq%g%t ClSe :[he same
asdhmyerbgal gml@ess 113 of p-type doped region 21.

[0056] The column comprising control gate structures 78, 80 and 82 alternating with
insulative material structures 92, 94, 96 and 98 of Fig. 11 (i.e., the column of alternating
conductive and insulative structures that is formed in trench 36) may be referred to as a first

vertical column 112. The pillars 40 and 42 of aiternating n-type doped semiconductor
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structures 78, 80 and 82 of NAND unit cell 110) are

hori zontal l'y aligned with p-type doped regions (for
WO p®vayads control gate structure 78 is hori zoP€HIUE2008/084683
DaddegNedviz3-BopI- t ype doped regions 21); and accordingly

the individual flash nmenory cells have channel regions

in ptype doped sem conductor material, and

source/drain regions in n-type doped sem conduct or
matgtielrdaral p-type dbpepbssmitandMoEmaeviaceay bé referrdteto as second and third

b

v ?{)%&?g%%g{. l‘c‘rge/s e{&ﬁveﬁf“’f‘ﬁe %ﬁ%:gﬁ({;]gndstth rHQ/EHiaope nés 4% and 42 are shown
totbigetn Qrfm)@s'obam@elof thedir wertigal@olummt 2yfmen dm@embther The tunnel
dlélggﬂrlggﬁdéh% stg%%;‘é‘rnﬁaﬁénal and &bﬁar{é@ﬂfeﬁﬁﬁ?ﬁﬁa‘téﬁd %H&Wﬁ) vertically-

d sem con
eﬁ@&ﬂ&iﬁmjﬁ %att Bee baigeen hadirst ivedisd catmsy 1 Zmdltbe a@dondlasd third

é?‘lrh%ll 9(9%53 he aﬁm q}ﬁél h(h‘fp% thQQ @lor'lsrbfﬁﬁbes&g%\@emcal column 40 are

nbodi nent cont r ol structures are
hqr@Prﬁtakba@"gnﬁﬁi @fﬂéh dhasn a@etdﬁeecbtqgwé otithetird @ﬂ@ﬁh@olvmaﬁ and the p-

tyﬁ@@o%@u@hs Sﬁlh@ s§é6rléi%ch§§ccﬂ’Jn@n ﬁl@ﬁiezrﬂﬂltzérlltlaly Agh8&eh the p-type
For |1 nstance, cont r ol fate structure

CORSH STANS P GREGSMOLITAT y e SOlEEA BT SHres 18, 89apd 62 are

sHo@Attd Bk hgﬁi@t@@raugﬁwmh?tae f@&?p@ddfﬁéﬁtré 8hs. L hi Ckness 111
thi ckness 11

(095 1 Tt e Py SRV eTtoA, GBRe e cam PR AT HITIE | ng

setcdndottogmiateriat, landmalyeﬁsr &BmB8 oaﬁsistaﬂ dapé®empaddrigalimd dilicon.

(FERY" TTh ol B B tG i "S EallPrg eliR oBise conrol

geden maiamUdﬁatm vertisdl calotrurid (ton aistanse faonireldjatembtedalodi c8f)ol gate

stP@?ﬁlrgg(%) tﬁéﬁé%rﬁﬂ Z[1t2t9 r?eﬁ d% efc rrcsr{wat&%l %bcﬂa@eogtggg;ejn}a%ena-mg and

er na
Chélé]ﬁ ld@ﬁmg:m@ier!atﬁavllagome@mmpdlmts d@dlasb krmcmocells may

coMeggor%QQJT AW%E(%I@' gk roﬁryﬂﬁ!hgmgl SI@E@QH%V&%%Z may comprise,

mat er i al erre as secon
copgigt @sesantleélwoamﬁ§onwfé§b@hqqnm>gde fisecheegsoriorage enaterial @4 may

coYrﬁfn%é C@ns@pééégﬂﬁall?gf %ﬂgorﬁ%’c 8f ﬁllc%h(?l\{mdé Qh@@na%b BIBRGSY Rdterial 66

des of firs vertlca col um fromone
m%oh?ﬂm@ise qHeist asResliallyioh| s cppgiY oézluw gedetage dggocontrol gate

stitiefued B@haﬁéoﬁhﬁﬂs& f&@ﬁfﬂﬁ'ebééiﬁlﬁllm SRdoREisdf tARaldef itige.
QP% 5 extentdl ng ﬁyﬁrs that&ﬂ e between the first
QA1 i ¢ PO B Ydntorpysiddne Aludwe ohfi%ah i s thpt sy el eppPiises @
pllmelltyi ﬁgﬁllldk@ 484, 42. tTéﬁMteﬂSb}bwardﬁaﬁt@ﬁi arsegilldlbﬁaucﬁér Baae (with such
ond .vertic . are,horizonta
o BRI R Bori S o Wi BB RE (el n-vme
dopedj semicé@duckoranatheal phy peypbogped Isegncxonduc])ér rhdteris eTbagillars 40

anYieA{Ztrhé?tle% %(gléw@edélt% il ef%rgto%ﬁa‘??aﬁ& g d%e %{ I@an er%sp ctnvely fgwd may be

regli ons o I'Cal
coméer@dm behdigagn txonajanaihers 78, 80 and 82 are shovvn to

(EWE: r Tﬁ%putnﬂlall e elééth(g%@ H‘hyﬂb% Iaoﬁéq(?ergd Fcy R 0999&3 get\'/vggﬁ tH&djacent
pil

e second an vertica
pr@42nhurdhar: the fusnsledielegriciney be cnmléere@to ccmrdlsmwst region

115QflorRPeRliB ctlyCAHHs® the¥erfRRBG:1SARME FiXi: #d Aritgif kb G to
comprise a second region 117 along and directly against the semiconductor material of the

second pillar 42.
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[0058] The individual flash nmenory cells of the NAND

unit cell 110 conprise control gate material of the
wo egofoghs col uitm 112 (for instance, control QaPE@I/US2008/084683
Do®teeNoaMIZi-3e9int rol gate structure 80) together with

tunnel dielectric material 62, charge-storage nmateri al

64 and charge-bl ocking material 66. In sone

enbodi ments, the flash nenory cells may correspond to
[QUGNDS  dbkIchbargarstragioptgrialgidyis aimegﬁmmitmeheldimcr&m 84, and may be
cdRIBldflb cBrmplTBYa ARTRIGIRCY S GRIH ﬁgg@p&sqaors%ﬁg%st &lion of the
turregl @qu%qtrlcaanmccfmfpe |a§@cor¢d)ri¢glogt1 2é sdmgtang|dirgcityfagaimst the
s&BRS FetforPly 1Al IuhR@idldiid de: the char ge- bl ocki ng

mat eri-a onprise, consist essentially of, or

[eeadi stl h@ﬁhwgeﬂﬁ'q&?&m aters! 6@r$oal<t>rmeth@@h@ﬁg@’rstcg@meematenal and may

StdridfleLro@BmPRYe & ARPFdgR 1 i
oSG o SR AL ROt on v

chegafsFiage riierddl raneio Fempiserg gecomd region ke alggand directly against

th@@%&dd&@@oﬁop{h@fcﬂbﬂgb}ét&égé)mb{e%ﬁ 40, 42, 44 t hat
ext m a sem conductor base (with s

D 2Rt ptatsg T Bres 7B g And 52 Miayihe GBRSHEISH 16 f Aterally
b@wééramammmarsnmgnal@eamtaltatem@lyrbetvym tH®PREand second regions 123

oA TR B3R B A5 RS, S ST AEL o sced

frdme oae Binotbéer, pndl therinautdiva nesar@hstrywitrb® 04 ane 9 eelyibealoyisidered to be

itouibaRe FRar Fare i PR ED el SuBRE AR o
[0Rs4] or rrbe ob@tohgeie sttrhetumj 8¢ é(_hanqu? haaly:beél;@nsldefedm be comprised
b)F é‘éétpcearllg CB#@&]WH@S tl‘#elt %L(l%iiérabﬁg %r@%ﬂ%%ht %rv?ﬂw r¥ ﬁ’ue trench 36,

r's regi on rec
artdhtée serftiieieiutd Bay Racerdiddredio Ctommse other pullarlsaﬁrl 4@ 48aamd 50 in

addRioch pﬁlea@wss@w TROLRRrid( |r95|u%rﬁ? ﬂﬁiﬂergt éfﬁ%we considered
| of the secon

agal nst the sem conductor materia :
t0;§<i>rm elpctrgally insufative digisieishat-soraigircsonek el thawillafzm gegsanother.

Fdr@Qeddce Tine iiitige rrﬁﬁé?ﬁfi:@@foﬁﬁ& 8h 'e%'ctr@éll)) ,ﬁs@ét%gwacré@ between
tunnel dielectric 62, and be consi'dered t

Pilkastif? pad 44 gndr fg'tmsr%b?'aﬁ“qai'g "bw@ﬁbe @H@%W\yew vll%rgé?@g@l 48. The
elédgedly rstiafiegdiodeefimayge Ednaiieteddh 8k eekichiCGol it th& extend along

or P el e RO PRONTR- dle ERa EANEr U Ee Jods sagmprising the

co[nﬁ@lﬁjé]te §'thﬂ:twbaa%mb1|rottdmahgs (fatiestaade BdchBepthangrettadveen
ter'@ﬁrs and may be considered to

rage
a %;%9@[%%&. Gl ?nsu \r'eed'lv 123 along and directly agai nst

[a068] f | The howntaﬂyﬁbaqehe:ophdrgge stuotuagre7 180 @nd 82 mayrtt
cohgldgr%ﬁ.% b%% fﬁst%@?@%@n{ra ?a%r%t&%ﬂr@é %H(gth%r}%n%r{tg@tép\éced control
regi on of the

gal nst the secon arge-stora
gatmstéuq‘ttaes 72,00868Yd TBeaylemeonsideteit to beta ewpud est oTSont&ﬂ) gate

st@@@ré&hé@é’ op%n%gﬁéélﬁjg%l@éjo zrgllak?@, lf@h%@'fl"s?( th&fe\é@ﬁt%l gatﬁ: structures.

adjacent pillars 4 |'at era twee
In pperafion Alie secoHH getrcggp@tf@ gateptructures 72, 74 and 76 is incorporated into a

NAND unit cell 120 that is analogous to the NAND unit cell 110. The control gate structures
72, 74 and 76 form a second set of flash devices that have channel regions 131, 133 and
135 in p-type doped layers 21, 23 and 25, respectively; and that have source/drain regions
130, 132, 134 and 136 in n-type doped layers 20, 22, 24 and 26, respectively.
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and 125 of charge-bl ocking material 66. The control

gate structures are horizontally spaced from one
wa@ewblersgs and the insulative material structurkGT/8820881084683
D8&&eRY. V@2 cowsi dered to be within the spaces between

the horizontal |l y-spaced control gate structures.

[ 0064] The control gate structures 78, 80 and 82 may

be considered to be conprised by electrically

[agB6luctn e sIth&iembbdltneeb(bﬂzllamab@’ngl@s kebanredregins and source/drain
re%ang ?erCN ConE‘h %Irﬂ‘g)z%lgﬁg{;gnhe Igteégael Sl¢ herlquoe lqﬂ%%égl%ﬁnggrggions and
so@%:emtrdmﬁéglpns h@leAmumlbcajlrﬂ@Omldrigawsop@@smg thter2l sideheThe channel

re?*oﬁ? Bﬁﬂi g@frké(/ taq@laél ﬁhé ?aﬁesé@a%eﬂ/rgcg% \%[I tﬁ%}ﬁgﬁf@hé;ogﬂall %Fs %d n-type
d@@dééy@fs ahe apgdriliagly ﬂferqmnoﬁeegimﬂ msouﬁ@/drainse@n@efrom NAND
ur{itl'}:%ll '15‘5 Wilﬁﬁd&\{ ‘RefBL %ré @ osg’%ow%)r(ﬁltfﬁﬂﬁgé d&l‘lll%ﬁl‘nk g%l 120 if pillar 42

i vi der “bet ween l'ars
ISﬁ@ffI%n%mw'éeéwblfsh agy bg, fonexaraple, \PeW@ih@f@éfeabfthﬁéb*rQOOA) If cross-

co@ub' qug %rﬂerﬁé\@ ﬂ\%ulat-r\}'éemﬁteﬁéﬁsbhééé kayi RS S d6fin the center of the

di viders may be considered to be vertical colums that
pikags eﬁrdmatﬁa% PHA" £l pEeAL 19 GANINGIS: BEHEHgSOTOUPHRY.
[Md?h ar gig. e £liewtaldngahd YrosobEkiBhioY gigl b gﬁ&Nlﬁ%fﬁér rhé’n@@ array
ontroloé]%%ﬁe structures are within trenc

reglﬁgtogﬁ@eq } r yé? afgmainige Logion ek gﬂsedzﬁ ontrol gate structures
7% 72c18, 176 280 3ind 8 dileqdaitutd cohAUCHS Ihes[tR1@RIend B0 and out of the page

ta ace n te structure 8,..80 anpd
rolive fIg Erosk e PR £ 2 Bio, 18 bl 4 BESEEdgh SrptoyBlE hat o
Flgt‘ramtdmmr,atametmmmstbﬁor glectriedllyycos peatied thedines obmpgadieg control
[ [ 7 be, cor SI e
034 HOSAEE 7o 0 ke bnkd ot PR OMRLACFEL 15 8ndife Sfragment
copRuiemIg s Uidtide neferjaid 9%94,4% dndo?A, tahd chbinpddingeindottive lines 140, 142

anggrzﬁégﬁ%t o%ﬁfpﬁsét:esmoﬁ &s&rgu@g% gé 59@32, égfpeﬁﬁ\fewqdﬂncéeéonducnve

ate str Ct ur
linepd 69, p‘dﬁaﬂr@ldl Hareiengl RANID theNANER Uit aeis 191§Big. 12 containing control

g AN & QARES 78 % A1y ANRY Hﬁk/?)e%%gioggaé)‘ro tgg finds Yl %Zafgﬁffl 5 of Fig.

structures 72, 74 and 76 form a second set of’
2, espee®@t hat have channel regions 131 , 133 and 135 in

[60633 peAQﬂﬂﬁﬂy beyRfSonfedis 188 1@2%@564%‘?@ lﬁ%blt&%hé‘ coﬁé%ondence
have source/draln regi ons 13 134 and

wnﬂhthﬁ I%y)?b%1%6é% ap yég} @dayez@ 14@,41 4gr?dwdéé4 form a serles of steps 160,

162%6\@3?3'531 ohy¥ latdrdl Mdzﬁﬁﬁ%k\tﬂﬁlprﬁ’&emﬁéﬁﬁ?m more laterally inward

006 In th
i G RERE I Ol PG OB So L P K PR gbARe nave
exposed PAINDmsNiet, t3d dnd11B3, mlspetgnvelgxe Thalir&e;rabnrwcd;a_soamiz and 154
el?c?rb r%llm@acgtﬁﬁn&en tﬁ%ﬂ% gir;tg 12, égég I Qeg( c%lregl%?atforms in the
sheivd embbdenegth &nfoeh ar“ekgarbmv &pe =0 ofedamnaq:trmns egions are

[@Jgggg FHE f\@\?\fbsur‘ﬁ eﬁl@ 6 Fﬂ%% ﬁgq ﬁﬁﬁygge hg'ﬁ[ &f Ia %ngmﬁﬁay having

ayers accor channe gl on
hundiade elhdussinds rre@iomgr mheieraf NENcal NAND it cellaon pinbadiments of

Fibh8e Rakta 1993 HeQhtiNlilal WAND ERO ){X%HEP@HH
' el'l 120 |af %&HSW h|%s suI %e}\ﬁ entP <§§ﬂs I C aﬁly overa

sepucontgetopkagepBich ﬁaW\P‘é{ﬁ@rV@fse’ﬁt'ané’H@Pr @l@b@‘ﬁtati Gogihus |nprease the
demEBSSIGRGH REII integration) relative to conventional architecture in which NAND unit

cells are formed horizontally relative to a semiconductor base. In some embodiments,
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is problematic, insulative material spacers may be

formed down the center of the pillars (for instance,
wpEriobae144®) to alleviate, or elimnate, such PCT/US2008/084683
D&S@ENoCouRl-soxy. [ 0067] Fig. 12 is a view along the

cross-section of Fig. 5 showi ng the nenory array

region of Fig. 11 together with a remaining portion of

base 12. The control gate structures 72, 74, 76, 78,
cr&(an@méh@i and &hpaﬁﬁaraﬁ’terﬁsﬂwmmsw mde’ﬂfSSellshaﬁzeeD{m BAND unit cells

may b eyt qufipst BpalR B e ToBho 1B bkodtS o7 B IR EIG R
sdmcdsr’rmttoofaygnsgandl!%/ @mdtollihgy U&tthmkms@hdemﬂétbcbrfdactlve material

I
lagerg tléluerceogﬂngéza‘i%gﬁl 'i 38% Zéltx e '8§‘ }rn%g bg% gleto o control
arﬁwaleftharabi IgastBoge oiﬂwesimetarsfthathwatbeerm mjized tcng)ntrol channel

. . d
b B BBl 1l oyt PQuB U B ST SorP o 10
[@&® r olThg adodimant eflfrigs 1mlows®1@¢ft@rwstora@§psr@ieﬁiav eft peing
beTﬂ@er‘PfP@%\éFeHWgedé\h%g?Lfoﬂ-‘ﬂ'\%tan&& %h@&@l/ éle%ACo t&Rg tﬁé%ﬂﬂgl gate

unit cont al ni ng contr ol
steyigtusess T4 ad 87)end iz cfmnalrrag'sas a%ﬁ%serfdaky/ he salsalingisuises.oln other

erhb &b Sit g be %@are@ﬁﬂa@ﬂ@cr@d‘rgg k@rage mét@ﬁzﬂ%ﬁfeh&@bm along the
] Aplurality of interconnects 150

15
Sté%dweén@c{ RRLGIE0LRR $eGHBR daKERS vireh 1ﬁr?@d|1§yléasga*f@dﬂethod of

foih‘hag an d&xérﬁﬂle cbhgirdcayemsvhidOthe bAZrgantoradetmbiian exichels ioBF along
162 and 164 at one | ateral end, with the

th%t‘sglﬁg ‘%}”86? S0diNOLHONGIE SRR DT EFat eral Iy i nward in
[0p7i1Ng Retemihgpietig. I1aya serhi#Ondiuztasepastrdcayren odlid Alusiféted at a

prSe SRR s oF HED LT Pyl U PR AE G B AR5, 4 gsructon

10aofdFigsH 8- @Iaedbompa&ds;pllkam:mn;eoz H©4c808] 308 ane 31 @gmaiegous to the

pillaq; 40, 11?22 42” %ﬁg&Pﬁ]‘ngﬁ‘?uﬁe@‘pEﬁgg é?)loaé(gé) rSBE éo% S&achompnse

odi mént’ ark type’series
segoerTeictioo materip0Y B Whithds NNWQQLIENTQ tf@@lehmcooﬂucmrg@ digclisge8] above

wif fé?@nc%%tF rﬁ’ﬁ[ Fhb2bRArUTRIPI 3 ALY éé/mp%\aé'F ﬂﬁxﬁ%{?@dmﬁ@al 32

ousan ions or nore of 1dent .
extesiding befweeresasoripihe pYarst and eENPripes Irencee Shteag 86 gxlepding
thiRGANtd&d Bed. VitigliardANG, 868, 1308 eédBS 3@@aﬁd‘§ﬁﬁﬁay comprise

vertically over a sem conduct or’ base, whi
aliegading \véy@ee%%iv@e EQPNS ANYOoJeHs B%T@O%Baﬂ?ﬂ’“ﬁﬁb% pi”ﬁrér"é)aﬁ% 44, 46,

48 &R SRS, (ﬁuoﬁ@ffarrm.ﬁgeﬂﬂtypb%ag;rtﬁbé filons @k dhdt\eBolR in Fig. 14 in
architecture in whi NAND unit cells are

convent i &1%
OrEig IRSHNMBY NS SAANYS rel ative to a sem conductor base.
[0072% ONFueE) aidl gre RS 4 |é|.§1d\f(anBrrﬁ&ﬁélbﬁ)@é sidewaiCAdaltkiedttoNs. of

51 h
o5 S 0B B R S BB PGS e i
Treanhne ldiedsttricad 14l reaystonprisp diid sanhy caopdsitonk ias thet thenel dielectric 62
1 hj Ltaxjall, i ,
ket sRe gL B AL R BB AT R LA TR same
commamons sethesoeirolgald sifusiuses Fat74cdiniBi 8& apd g disicugrdeabove
(FRE % Y€ S ntr e BleFKMEBSAHil TN AS688 ficEpotRe PR Qiecting

device 318 between pillars 300 and 302, and the control gate material 316 within trench 34
is incorporated into a selecting device 320 between pillars 302 and 304.
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and scale than at | east sonme of the paraneters that
have been utilized to control channel length of flash
woreemngi4eel | s in conventi onal NAND unit cel |l s.P¢DOFD)PS/084683

D&Be N Ngbymos; of Fig. 11 shows the charge-storage
material 64 being between the selecting devices (for

i nstance, the devices conprising the control gate
structures 78 and 82) and the channel regions accessed
[bwa]he Aeﬁhﬁﬂatlvegnai@mail GeSBis fbimnaaf dver therdoatlogar rSaterlhI amy The

t the char e stora terial ext
InSHIIa rlngtﬁtaalt qyrciomﬁ)na% Cﬁ'&?‘%ﬁp”%ﬁ%h’& sy tlve structures
84646068, 909 9Re94, 6@ and B8 gscuslsédabdveltﬁg I1hpst rate a net hod
[g{)lﬂ.;]or rﬂ ?grrlagtoeﬁngm%l fhe orrlnS l'(')ﬂrelgcq]es %4 MY %E % &nlg over insulative

ge- stor ter 1 allext ends Con along
meeriatd? aratidedheith alhoeigilqléwlcsmb@clai Eiﬁg cbiame—s@mge[rﬁ@t@@l 64 and

cfﬁg&? b ohﬂﬁg F}%té: tablge. %ubs@géegg}/ Céi{éﬂ#é%g rﬁfb{g?&% ﬁg%&é@%ﬂ 316 8nd

inFylgtivegmatetial f’xiartﬁsftorru@d Widinin 1r900he§ C’dreeﬂdc@@dgﬁll the tteinehes. The control

| a S S
g R T

[BWﬁ]ar d h&@onwf@ gatestrugigiress330, AdR, 590 gd Bitg aregncqupratgdgnto string
dfids; Sine 30ftrol 38R stBLBrAMB4THY AL [ne6rps R LR RRg

material 312, which is anal gous to the sem conduct or

devceg; SOrio0E @f SYSIRagR malewa 84 @adcharppglocking fiperial 66 are
ref@V8l bH6 tb @rmlAconrlrBIy L& BIRICHFES 38N akd 886 #EthEBthe rcb.atlrol %ates of

SRR T 5 B2 ol B b o R ST o3 gy e
dipletiialg. 300, 302, 304, 306, 308 and 310 may conprise
L3 B B DR £ L R gl o o
thBisglecng deSioeh (iad. ttbe deticasgromiriging canito! gateygdectuess 38s 320, 334 and
34?4") %f {ﬁ%tFlg nﬁ%QéﬁJaiu%%reeﬂs%g%:g? lgérﬂ%d{:atcgrit}'ew&nﬁé(ct&}ﬁlIar%Sé)O 302
argl wg oaly@ydw\mﬂ ﬁl@leatrlcwnvéeriab(&1drmdzﬂ2) tratbacthes b4 camdination of
tuﬁﬁel o"i’éq%ﬁprﬂg{egélovgﬁ hsg&lta n%]‘é} éil é?%%:}%r Célgﬁmatenal In
Smﬁmb@@mten@ @aﬁﬁln@@iw@gs of tbﬁflgaéfitcﬁr@twgwe(lfor mstance the devices
cd#ﬁ&ls%téohﬁol%%téjét%ﬂﬁéseﬁis@M(%zﬁ ﬁiag bekBhsidéad td B€part of a column

contr ol Fate material 316 may npri se the sane
thabigyedicallydisivean 4 pair estecting a%\ﬂ@séior (Netanpedheygelecting devices

coffprisifd, coflol g@f@?t%tﬁ?ssgﬂﬁﬁﬁﬁeiﬁWOVte (Fi % 3%1_) The
materi a in trenc is
(§8778r popafesh PR leratNAND RSSO PE O PRkesiments may be
utjlizéd mr\&ruamelambnm&stemdsmdm@scﬁfntemhplg&taeS sRicRs, icell pAdres,
within trench 34 is incorporated into a selectlng

C%mRH‘ »%4%0 between pillars 302 and 304. 14
(00737 - 39@[\160msﬂPcﬁe$1m@mlbk@mehbof AARBABISISIEOOTB] Cmpvor systo

4dé)niﬁ(l,‘m<§gsl & %on%r%f?g% qﬁ%?cdrﬁmp éﬂ%ﬂ O%Y%E dé (? %%ytgoard 402 or other

mat er nsu
copunpricaiontinpet davies, eodrpmmtlnerbn@"dal@ﬁ N@themlsmir@ﬂMmay carry a

mﬁwplr’&c;e%m% or other data processing unit, and at least one memory device 408.
Memory device 408 may comprise an array of memory cells, and such array may be
coupled with addressing circuitry for accessing individual memory celis in the array.

Further, the memory cell array may be coupled to a read circuit for reading data from the
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84, 86, 88, 90, 92, 94, 96 and 98 di scussed above

(Fig. 11). [0074] Referring to Fig. 15, the portions
w@bovoerehes 34 and 36 renmai ni ng over insul at i RET/US2008/084683
DoBtceNcaMIB2295re lined with tunnel dielectric naterial

62, charge-storage material 64 and charge- bl ocki ng

materi al 66. Subsequently, alternating control gate

material 316 and insulative material 322 is forned
maimbhj cells.r Ehe b@dreéhmgamcdj 186d tipclitn} thay be utilized deTe:Snve'l]htg information

begnggén %1@5%%&%}/ % a%g &8 3@? %’Aﬁl&%ﬁ! sﬁr%%erdgrg rﬂe bef‘cfck diagram of

thg aahaboardt404 ebo 83D, Fig 317, I640cmbidcmagramethermddrqsemgtcew|try is

imiéé;{f?egf]%s' Jsﬁﬁan%e&% farr cw@ﬁﬁgtsﬁ@ﬁ‘frﬁ tdra%l 1gate structures

are 1ncor po el'€cting devi ces.
[0&79] i offsoasbsartierige 486 mg@rrmwdltaa pBateagmt module, and associated

m%&@%ﬁm%o"\%ﬁ 13 RS il ﬁsreq\lélgﬁoved prior to

%‘control gate st uct res 4 and 336 so that
[0080] c oManery gaies 4@t may eorrsipead iy Meapnceedide eansiyaaeepmprise

fIJsﬁ%rﬁ&Wc@ﬁiﬁg%?@cnés RaNbars (300, 302 and 304) only by
tunnel dieléctric 62. [OO76I] The construction of Fi

[a@B14; £ ik 4 8filgtiatenasinyfifieg glock diagian ez highrlevelaganization of an

eIQéchﬁﬁ: Sbtehieoc ebRednh NGO HRY ic6Asdond %o, forldk@ %Vb"égﬁmuter system, a
nprising control gate structures 318, 32 nd

pr@ﬂ%ﬁs BPIPIRUSIEfTy OF 4Ty LR ﬁhaheraﬁﬂ@vss%ar@%espf 6'PH associated
masoBC ENéct®BIt sysleeiLriottasguhdions eﬁe’iﬁ)&\ts mo&@b Bd3ssento, a

copiighoi . & tagtoni b e B 0o et ot e BeRf WOy GRYES 2p8 (the system

may hévecdn ﬂlmgﬂtysdf@rcangssdmtoemrdlunam,dn@h@w@levubé anikg argi/or I/O devices in
vatrnlﬁtgse rﬁ}n%odq\gntgg P%m %Irelenf é\l” vgeaV a(t"vec %& of
mstmqbomsihagsrxeorhy mﬂratgmseo B¢ parctcnrmedsmai&m laynite PBR sy OB@nd other
) i | .
|n%gz%§v\%gsﬁ5§@8%lﬂr¥é§)fr9ﬁs OP;OZaTh%S%W%Q?%e Pﬁlltz %ﬁnogtﬂle I/bhdeewce
708 | et dohtolditi 70 soerdingiasdillpgeadinng of the atasessor 62, uhememory

deid ﬁ)@dﬂn%Qﬁ’é olf0iéd od B§ cérﬁﬁ\ﬁ&é@&%ﬁﬁ(g ﬁ\%d&ﬁ 4% Ze%@aﬂons that

unit vari ous enbodi nent
cayae instryctiang & be iatdhed rormeihe MesuRiK dawce Toft arckagsHied. The memory
de&‘fﬂf@%%ﬁﬂk&ud@ﬁ‘és’h rREHAGS SsuchARRUARH Sarcebifd at IEEX &8lhe of such flash

il ustrates an enbodi ment of a conmputer system
mg@gry 'ﬁ%\hﬁ%?‘é’}f'%@ta@rw% i ncl udes a nonitor 401 or

[@dmr FYMURY &Qtﬂpﬁﬁbd(lilédkttﬁ%gi@ml(ﬁ@n efockeyd opsteh 408. The system
ut evl ce

ther communi ca |on a not nper ar
AU A B Bion e RO SRR b5 A “Er o DL e Bisls B4 e decoder
8031 by ad&baoq&mﬁqﬁm n@umnlabcesaluictatry Be@stadinete B NG| \ircuitry 812
foh%%roﬁmg QPF@MB gHt/%J?p}% cnr% %prﬁglag& cf ! {c"é“éoﬁ ffurther
|ndddbsemwan glr«zultnc&in&, ayd émsom:&is suc:‘rgas audlient skrabrsrfemaatgrmining

wI’Fqulmél'Sa hngR/ec(_)e"ﬂaJ A% |O\ﬁ %IIEQI%I%I # {@;%5% o?ﬁi % h@P tl‘?%s non-

be cou read circui romt
conhgucting state The illustrated power circuitry 81 6 mcludes power supply C|rcunry 880,

circuitry 882 for providing a reference voltage, circuitry 884 for providing a first wordline with
pulses, circuitry 886 for providing a second wordline with pulses, and circuitry 888 for
providing a bitline with pulses. The system 800 also includes a processor 822, or memory

controller for memory accessing.
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M 22- 3951\ pO1- PC docDocket No. M 22-3951 nenory cells.

The addressing and read circuitry nmay be utilized for
w@oveeyidng) i nf or mati on bet ween nmenory devi ce 4PSI/HSIH08/084683
DBEIRE RSS2 28651 Such is illustrated in the bl ock

di agram of the notherboard 404 shown in Fig. 17. In

such bl ock diagram the addressing circuitry is

illustrated as 410 and the read circuitry is

[Doaa]st r'l'abembrMy diddce $ADZLBPIVEE caembaignaleirom ehedfocaspr 822 over

wﬁ ?ﬁ%?a{nldzfa |on I? eer Cllﬁg frﬁégrgo%ng%\ﬁcléeeg%%s éjg%&%logl at e%d\lhlch is

acto@@w vna/té@tblnys dBMeam on@ 8f ima\promss@H2a d mMemoay devieE 802 may

AR Rt TR S5 o R G 8 e
NANBgr am of a hi gh-1evel organization of an electronic
[6déﬂengzg?’ag%8%%ﬁbﬁg%¥%gﬁ]§gﬁ% %S@B%téoqp slnfe- oﬁﬁ%ﬂg@é Brocessing
Uf@;ﬂsh@rreV@?@@ﬁ'mm%ﬁe@'ﬁmdw@r@hpr csees de reainde ﬁ@s@mr@ur&atlon time

beTREEY e #&%&6%&@%@&%@&&%@8 functional el ements,
i ncluding a processor 70 a control unit 704, a

[AR8RLr y THE FlaskoniAYStes May dreaised iipuementprdulgs feyice drivers, power

mdeves %o%@@n(dah& ﬁMéérﬁgﬂ 0¥8dksBaMBoduId, Hh@bpgdliatin-specific modules,
ﬁiocessors ntrol units, nmenory device units and/ or

@?HE@W9%§“1 aW%MP%U%“%WB@H?ﬁentS) General ly,
[etbaa}t r ORk @le‘B)M‘SI’ﬁIe BysTéiis Wialy ey ef a bﬂﬁﬁiré{tﬁge&ﬂtsyﬁéms such as

str ctions t specif erations to
el Rl o1 Hp e eisp GOl PRI Spiee Pip Bl
ab&mweemmhheﬁprocessor 702, the nmenory device unit 706
and the 1/0O device 708. The control unit 704
coordi nates all operations of the processor 702, the
menory device 706 and the 1/ 0O device 708 by
continuously cycling through a set of operations that
cause instructions to be fetched fromthe nenory
devi ce 706 and executed. The nmenory device 706 nay
i nclude flash nenory, such as a flash card, and at
| east some of such flash nenory may be configured as
NAND. [0082] Fig. 19 is a sinplified block diagram of
an el ectronic system 800. The system 800 includes a
menory device 802 that has an array of nenory cells
804, address decoder 806, row access circuitry 808,
colum access circuitry 810, read/wite contro
circuitry 812 for controlling operations, and
i nput/output circuitry 814. The nenory devi ce 802
further includes power circuitry 816, and sensors 820,
such as current sensors for determ ning whether a
menory cell is in a lowthreshold conducting state or
in a high-threshold non conducting state. The
illustrated power circuitry 816 includes power supply
circuitry 880, circuitry 882 for providing a reference
voltage, circuitry 884 for providing a first wordline
Wi th pul ses, circuitry 886 for providing a second
wordline with pulses, and circuitry 888 for
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providing a bitline with pul ses. The system 800 al so
i ncl udes a processor 822, or nenory controller for
woreemng4dxcessi ng. 16 M 22- 3951\ pOl- PC. doc DockeeT/NE2008/084683
DOK22N3IH12]-8033] The nmenory devi ce 802 receives
control signals fromthe processor 822 over wiring or
nmetallization lines. The nenory device 802 is used to
store data which is accessed via I/Olines. At |east
one @fAIM¥e processor 822 or nenory device 802 may
i ncl ude ﬂy Qaferory, and at |east sone of such flash
menory may be configured as NAND. [0084] The various
el ect.r oni & mejedeftorming HNANBLMitceall, edmprisisg:ngl e- package
processi r\‘grrﬂgjﬂg? (/é‘rtlceﬁ ColBMRE oL &@'sﬂ&leethg %HFuﬁ}%E%%ﬁémg
chip, in or reduce the co
allgetajipe tyerseof @rtmma@qmd sgmironHectoremaieal dedipdgges jlopedtestjonductor
mdiBRalel ectroni c systens may be used in menmory nodul es,
device drivers, power nodul es, communication nodens,
processormﬁ@dﬁﬁé@umaﬁwﬂhp®ﬁ?%ﬁﬁﬂ@ﬁmgﬁetbvewﬁﬂﬁwﬁl@gbdﬂca

a2 df BRrgbBRtdidanatidll érw&rayeﬂmlchér@@bn;cmg%a@ém [47@86]
he electronlc systens may be any of a broad range of

systens, 'S{fURd dlierpqtpguayers eé‘?ﬁ”é,‘iakﬁ\h@su'é@el MyREHEEd electrically

cop@li&nse aﬁat@l@ﬂbeﬂ/\@éﬁ thedihe@ ¥BIRNESthe Ia@@ﬁé&% Eflegicncgmgg@kctltve material
00 CcKe

for,@éng R/ln‘giéal ro%fEEMt tsicp/aﬁ% Eergroﬁﬁ;atg_ Stri Wg{sha} a5f some of the
coﬁmolrgalt@sta.lcmblﬂoemg ince@blatediatotiirg) cl’rgxcefs of MeNAN® Uhit €&l
col ums over a substrate, the columms conpri sing
alternating | ayers of n-type doped sem conductor
mat .1 al Taednghod pielainpledhereim somedi tearontrak gate atryctures are

mc!o};pﬂ%rgl%d‘irn glg}:ﬁgg{h%v}%g Bf heWA%\ﬁﬂ#rﬁp%ellal order, a layer

unnel a er o ar ge- storage
material, and a | ayer of charge bl ocki ng material; and

forng ng %%aﬁ&a mlalmwﬁere.% ﬂ'o?%réoﬁf?% eq&é fag u?eé Y8

material and electrically conductive
inqofRoOrpied dfo §Bind wvices, nad fusther eoroprisslgdeming a¢lesting deVlCGS which are

abSPQQH@EéIM\ﬁ ﬂﬁ@&tﬁﬁd’ @éwée‘%rfﬁ‘e@gle@tlr@ ARk EMmBﬁsmg control ates that are
hori zont al | y'Space contr ol gate structures;” at

SPaGRETYP theliied GRS oglytty the fpelfidlectiei ng i ncor por at ed
into string devices of the NAND unit cel

4, The method of claim 1 wherein the substrate comprises monocrystalline
silicon, and wherein the forming the vertical columns comprises:
epitaxially growing alternating layers of n-type doped semiconductor material
and p-type doped semiconductor material over the substrate, with a first of the alternating
layers being grown on the monocrystalline silicon of the substrate; and

patterning the epitaxially-grown layers into the vertical columns.
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2. The method of claim1 wherein sonme of the contro

gate structures are incorporated into selecting
waleavoer40f the NAND unit cell. 3. The net hod PET/TEB0$084683
DdckehEbeMmabds10f the control gate structures are

i ncorporated into string devices, and further

conprising formng sel ecting devices which are above

and bel ow the string devices, the selecting devices

cond.i si nhecoethpd bf gaitmeswhératn the patsquaicg the veptinal badumns
Colnﬁﬂﬁgscolunns only by the tunnel dielectric. 4. The

d of claim1l wherein the substrate conprises
nmonocr ystfaiming et lsastiope first &aachin dreeepitakinly-grommilaygrs, dth the at
ga%dmm¥ rowi ng

Ie%ﬁf@%ﬁS#F%Q£ ayers 6Mf§ﬁmtﬁgh5@§|§é%¥%gnductor

mat eri al fdiﬁ'@tbe @Vﬁ@t@ﬁﬁéﬁt gemﬁhowﬁmjeqtmal isatadien glatesiakr

the SUbSteffl%? ﬁlhng!’\{hterét feaki d'r%tflrﬁftreha? f@%ﬁ%é@%h?@eh&%@ﬁ%t extend

beln rown on 1he nonocry stalline I con O
'”@JB%?P' x@lly-gryvpayere 2RY H‘@ qerdricapisplalioramplerigh with theaspspad
trelnﬂh@s éﬂ@ndﬁ@é hibe@h s6@ndMdsizorkd direction that is substantially orthogonal to
51\65651[ PC. docDocket No. M 22-3951 5 The
thﬁﬂ'isltl%”z(?f‘t LESUPH wherein the patterning the vertical

col uhrms cwrraaém $r&$hn|rfg<lh€bﬁlgrrﬁb cbnﬂ@ﬁéeeqtﬁlﬂwﬁg ﬂfétla)ferr@@ﬁbnnel
n_.the x1 al

gPREE PR ekt BTG A8 BRRES HielstiegPinaBh sarond renes; and

directi on/yhe‘relhItheﬁ@tetn’ri&mgtayb@&tﬁtele@ﬂﬁaﬁy insulativeendtbriaMahd
fter filli t he at

el ctﬁc ly IC&I%IU J{wg{e%)lre by wﬂH@Eﬁg %eoﬁadttrlea es t hat

Y Ghe renc orm
extend [ nto the epi taxi al | y-grown | ayers and the

el eg{rica m'eﬁw%b%‘f EOQrﬁl gaaté‘ernklgenduw on%ﬂﬁct Ea?cﬂ%msm

trenches exten ) a secon ori zon
that is sfgmmmpa\awley(te@dmcuggﬁaslenu@ndmeorfsubstrate

hor i zont alnghisiR bRy a]ﬁ‘@l‘ﬁ’éﬁigﬂa@?go*ﬁ @}t)ggilofé%sé}ﬂikbﬁmu%tor material

conprlsesformn t he ers of tunn ctri

an@rpairy@edeweﬁr%@@cqmu@tpr aieriahuit) BelRRY: di el ect ri ¢
Wi thin t hais@aRNHe Eﬁl%@ﬂ%romﬁ{@te\‘mrﬁla‘?ekhﬁlo a plurality of \llemcal

alternati ng | ay ers of eleCtrically insulative nateri
colyise pIAES GQ'PWS BiRE §eagafdrarnea anpthes by opERIREY Wi t hi n

t he SeCOmdmbfa@I@a@xblG&)rtlcﬁ)e oﬁtﬁﬁﬁéﬁﬂggﬁvltlﬁ QUrfeNdeldctric, charge-storage
sem COHSJE{CEM c truction, [isi th‘ f orm ngﬂ
MG ) IR cielPie 'S Paraw spid goHizes 61 Me gperipay nd
epl t axi 3Ifd)rynugj alt/urrlfkgmgIIdyerswtdlda:glcbWﬁﬁlﬂatﬁ}fe rﬁattab'(eﬂ%md@ps@ﬁically
m,con

er| al a doped sem conduct or
cof T F et it iy poRishy BEwf SR o
epi taxi al | y grown alternating layers into a plurality
of ver ti Gﬁhe method of claim 6 wherein the layers of electrically conductive material
form a plurality of horizontally-spaced control gate structures within the openings; the

control gate structures being incorporated into string devices of the NAND unit cell.
8. The method of claim 7 further comprising forming selecting‘ devices of the

NAND unit cell to be above and below the string gates, and wherein the selecting devices

comprise control gates that are spaced from the vertical columns only by tunnel dielectric.
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col ums; adjacent columms bei ng spaced from one
anot her by openings; lining at | east portions of the
wo@p@nioyigds Wi t h tunnel dielectric, charge-stor ap@er/us2008/084683
DésxEeENbaViranebal ocki ng dielectric to narrow said
portions of the openings; and form ng alternating
| ayers of electrically insulative material and
el ectrically conductive material within the narrowed
por t9.ons Tofe rhétbod pestaimgS whérein tfrmaymstdmtbcufcau @indudive material
a
oS ed Bd YA SlacEh SEhId GALISH EBRAUGHI e BBL BdThne
COSItrD|Lg8ﬁG<’JSTB$thB$ w:thmtahendn\p@tml ng@nng lhelucjlogtartmittogwaioetrol gate
t ' [ I j '
St RS SR Dl MERUR R4 Blen iR FhE Ao i a b struoure
beé\@m the ibatjorh sehirel gateeiteicturmagndideiteresontiol gaie siapiDeuthetop and
H cc;nﬂopgﬁa c@ur@@gelhg bW HoPRe$intd Ledif %éwc?sn&} a NAND unit cell,
ereln ectin evi ces conprise control gates
aﬂdﬁb@ ab'ﬁ@‘%ﬁd@aquéﬁ‘ﬁ £eriro) gateist aetuedIaineiacespprptegyinto at least one
sttt a&liced e EOANDGit £8ILM 22- 3951\ p01- PCdocDocket No.
M™22-3951 9. The nethod of claim6 wherein the |ayers
of electrically conductive material forma plurality
of hq i ZomHeahétod BRA&E ERREERI thg phteoraihg W dliBRialy-§rBivA
i ngs; the control gate structures within an
a'ﬁeﬁlﬂt'og%ﬁfs GBS i ncl uding a bottom control gate
st ruct ur gornging it mmjhe@ln tgatpgitedallypgtawrelayasdvid the éigss trenches
nter m?ﬁr F\ﬁée cont r.ol ?fﬁt e Structure bet ween t he
dfncgrﬁ%@n? 3 d&f) s(”l% PE%nd t he top control gate
st r uct ur dorntihg s¢appd dnedchEstin te epdatialtytgrgat @ystst wih theesecond
tre*?\%h?sge}t%&rqigéﬁgi % ge&&%ﬁmgg%n %tﬁfgg%oﬂqﬂtqg g’uti%ianﬂalwlogonal to
thg &itse herizontat directipei ng i ncorporated into at | east one
string device of the NAND uni't cell. 10 . The nethod
of claim®6 wherein the terning the
epi tHxi alThg- r‘g@b%ofam@l@rﬁ)a&mh@ CORPERIBY.duiIPpIo feeming the second
trén‘éﬁé@, 'ﬂmné kﬁesffrstttfe%eﬁéﬁe\ﬁltfi Bolbfth RRICHAXARM Wi er@hown
ayers h the first trenches extendi ng al ong

Y ot *horthe sesoar trgnehestgxiand 'raﬁ@omhwﬁ@ﬂ@@w#ﬁilal and the

epittABBAGSWh RltéMatiPbyersi al | y gr own layers, with the
second trenches ext endi n a second horizonta

di rect i oriN¢ 409 he opEREES, ?m%fﬁe f%w%faaﬂ?dﬁf%w%' d'e'e"t”c
chbirgesstotage inztsrtaglandiblezking ableclit. withhetheskbad tednchbgiant 10

further rlsn rior to.form the s .

1 enches 18 PRATHESIHES prdectioalh CREEIG R ——
conancaweahatermhdra/ﬁbemaj within the ssecahiterichesiches extend i nto
both the isolation material and the epitaxially-grown

alternating | ayers;
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the lining the openings conprises formng the |ayers

of tunnel dielectric, charge-storage material, and
whb@ekings di el ectric within the second trencheBCT/ESIH08/084683
Dédet Rbiemategg | ayers of electrically insulative

material and electrically conductive material are

formed within the second trenches. 20 M 22-3951\ p01- PC

docDocket No. M 22-3951 12. A nethod of form ng a NAND

uni t1xel | A medvgordf Sormiig 4 NANDngitael, aperprishgt unnel

glt (r:)lugfm 'eérmn’ﬁé]gﬁs{\y%hﬂ@ekmﬁlelec{r a' rtelgl)?lebreﬁlxyatelncagéalrof vertical
stfuotunes) ¢heatmniog weel ebirapeatenig layen tammeran Ltplwrdﬁepetnlmgad:ontamer the

vegtﬁ)c%g%mé&étrﬁnésc gﬁﬂ@# ufjdreﬂ r?Jt.B§Ta[§/8{as:nd3% t&/;?é’y%fé}%g%%gﬂioﬁwﬁor material
arsgniype nidped semigendvicioamatdrat; mi ng a layer of .
char ge- Stf?nrn‘ﬂﬁgr r%fegrﬂ’ &Lar%@ ét% ¢ matte r%@ﬂ/hﬂh%%onfté?ﬁép ng

a layer o W th
cont ai nerfoemeag 8 r Pfr@argﬁ]féﬁcwg palgriglavitinothg gentainer and over the

!a\y@to?ﬁhé}ge sfo'?@gel ANehs; Gk I%?&r SenalfRI RGBS RlafHaPhnPEHr CPe blocking

char ge- bl ock I Ng rraterla narrovvlngthe cont ai ner an
mateEdl; r}@groymgdb% ﬁ@rﬂgnw 4 |pavineane RANI NN S EOntgNeT Rgd

al t er nat 'fBﬂnlh YRS rBat I@}efi‘é?bfrélé@ﬂlda}{y |n@§lbl tiad r'néﬁ%nﬁlﬂin@rél@kncally
and el ectrl E\ con uctlve rmter{ W thin
wllt %é @3

ooaBQWVﬁénat?r b oRgNING; e lryers, Pl §/edisaiy E?m{}@“ve material forming
a plataﬂifyi cﬂlhoﬁmrmupgpach aonabl gaye efuchees whish akd Mc%rpﬁr@%lﬂ into
ontr .gat e ruct ures [ e [ ncorporated-into
Gt gt dalireS o Rl el 8551 P NanD uni ¢
cell. 13. The nethod of claim12 V\,herei n the formng

the yerThe étﬁ ng{clg 1Ze\ﬁllier |% the 110‘?:2 the grroi;\?@%}a{%eeleotric

dep03|t|on Unnel< '07@
malarial cofmpvieed:i cal structures and VVI t hi n a trench

bet ween tc{b‘f}gé’lﬁ i bﬁﬂé tﬁ%él%élgétﬁéma?e?gl &Jeﬁﬂ%mea%rta&lfj k/Qr'ﬂFaﬂ structures

the tunne ectr IC mate
andi withirca tregchieateeerathefvedisalpliwcturdseandi r of verti cal

struct ur %ﬁattoﬁlﬁ AR d%fec‘ﬁ‘loarhﬁ'ibﬁz% ta\’nﬁﬁ&‘e%é R@nel dielectric

form ng ayer of tunnel dielectric materia
m@‘ﬁﬁ@'d%?‘(ﬁfﬂﬁpmfélﬁr“&ﬁ' styareshar ge- bl ocki ng materi al

conpri ses: deposition of the tunnel dielectric

material over the pair of vertical structures

wi t ht4 a thedRethopet dRidh! 2 weergiarhs f@gvmgt%let/%rrc&unnel dielectric
mé*l@ﬁél?:d:ﬁdr@é@si@fagbhﬁatémr@ﬂ'&\b@e&g&kﬂ@trﬁéﬂeﬁél c@Hﬁéﬁséd‘le
pair of rtlcal @é I[FESI etmd Inatr t? | struct
et ween tareoifh oidhs HEpet didledde mbleugl el Inaiie! vyl stuotures
arcghathirea bendkbergeerathe vieaicalastrectiutdse pair of verti cal
structur edSeposition of the charge-storage material over the pair of vertical structures
and within a trench between the vertical structures;
deposition of the charge-blocking material over the pair of vertical structures
and within a trench between the vertical structures; and
planarization of the tunnel dielectric material, charge-storage material, and
charge-blocking material to remove the tunnel dielectric material, charge-storage material,

and charge-blocking material from over the pair of vertical structures.
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and wthin a trench between the vertical structures;

and planari zation of the tunnel dielectric material,
webapgerst or age material, and charge- bl ocki ng PEX/E81088/084683
Db&ketf BeOVE24-Best unnel dielectric materi al,

charge-storage material, and charge-bl ocking materi a!

fromover the pair of vertical structures. 2 1

M 22- 3951\ pOl - PC dOGDocket No. M 22-3951 15. The

met htgl of Tred rakthnod 3 slhier £ whérba the hbmntaaj/ Isya@pla:oeuﬂol gate

stpd%p I’(:[‘Soelll'-GQﬁ edstg h?ﬁ%o%ta‘?l%/ af]‘r £ lftk(r)r g’e E@%:ﬁihé‘?& % |C(¥nductor

mamlelrl al . 16 The met hod of cI aim 12 wherein: the
| ayers of electrically conductive material are forned
to extend laterally beyond the NAND unit cell; a
pl urtd.i t yThef methpd ptdainetd wheteie: forned to be in

gln:C: ?I ggﬁ? %%%n%%%ﬂﬁgﬁﬁco%h& Fl?ﬁat%r@f?l:esfo%ed }0 extend laterally

uct1ve ‘mat eri a ayers
b@@ﬁdﬂlﬁN@@Dn@t’f@PM al forma series of steps at one

| ateral eenglura\Mytd? it reBhRsQRE Rtiio¥ e Me pﬁﬁ%ﬁbfaﬂe%ﬁ@spondence
laterally 1nward in going fromlower [ayers of

wighothg lavers/ef Wréiai"bPoﬁddCU’ﬁdE@teT'%yer s of conductive

material thedyeave cendmreeImBleablf Bfrie s@ﬁessé\‘ls‘i’e@rh@ one lateral end,
| ateral end of the |ayers of conductive materia

and
WitThePHPr@PESANEY PECUPIRT MoFsrigteraly IRvaidtin peiny IermdB‘ﬁ?ralaerS of
cdnbigctie meti6ridl Yeeu by efysrsadf cbdf@cempma%dapb addverepPosel platiBrms at
NAND u rst vertical colum

selbiing BB PRI R nG SRR Ee AT Lct ur s and

i nsul at i viee mitreonrakctssdre tictnad éselesidcalgdontadt thbicorttiuctive layers at

rtic s on opposing sides of the first
the% é Se%lpla%%frﬁrm fromone another, the second and third

vertl cal colums conprising seni conduct or materi al

cont ni ng g\thDe |”n(gmgmg¥] e doped regi ons and p-type

dope ‘regi ons; ped regi ons of the second
verti cal @iu‘sdmﬁhqgéc@ignh@@m@mgaalteyn%ﬂno@net@bloatelﬁtnUh@res and

mélhét)(/@?né{&ﬁ)a?gtrﬁ&gﬂeg of the third vertical colum, and

Wf egl ons of the second vertical colum
bei ng horﬁe% and hirg vergprl @OWMNR oNRPPRSing pdegieijhe first vertical

cdl @i 5% PE ahBfek, hd SbovBé hh@ MHiraGahieBMolunfie RIprERY sgﬁtc%nductor
structures being horizontally aligned with either the

mﬁtef@lrcé)n al}e‘grbe}tlagg type dqp@dﬁegl %a%g/@erd@ac%@lons the n-type
dop@ﬂtre@@hd O tiexE ol mgmb@weruﬁqaneuﬁng@bntdn;eél@ﬁéd wh the n-type
dopegrr gﬁor?st(%rtﬁegt%lrme%cal cofumn and the p-type doped regions of the second
vertical column being horizontally aligned with the p-type doped regions of the third vertical
column; the control gate structures being horizontally aligned with either the n-type doped
regions or the p-type doped regions;

vertically-extending layers of tunnel dielectric, charge-storage material, and
charge-blocking material between the first column and each of the second and third
columns; and

wherein at least one of the control gate structures, together with n-type and
p-type doped regions of the second and third vertical columns, is incorporated into a string

device of the NAND unit cell.
22

MI22-3851\p01-PC.doc



char ge- bl ocki ng materi al between the first col umm and
each of the second and third colums; and wherein at
wo e@svoame of the control gate structures, togeCTiE82008/084683
D@tk N wpe3esid p-type doped regions of the second and
third vertical colums, is incorporated into a string
device of the NAND unit cell. 22
M 22- 3951\ pOLl- PC. docDocket No. M 22-3951 18. The NAND
unit cell of claim17 wherein the first vertica

colu IS y n f.selectin . .

dovi D85 ofERANGEl eoR Bl BT 7 geh e iR Blemaig yericany
beifveeh aipair DT selbgingideviteseoffthe BIANDeurtii aedll col umm

conprises a bottomcontrol gate structure, a top

control gate structure, and at |east one internediate

cont 18l gabeNANPumitvelk obdaimebhwihéreindbe fishvertical cgdlmgabeprises a
béﬁd'ﬂ'r'%rﬂro?ﬂ?@%trhaﬁi o onpp%ﬁrrop%att%r@t@ct%réwﬁrl@ést Blbfin{e?lmediate

bottom control gate stru toget
conto) pate gHuctpret ptueqndpe fotterg comntsol @ﬁtetatrectyéa:wham control gate

stHEtLﬁrg t‘l’l@%d & b&l@ﬁ%ﬂﬁol gs%\@é DL e rt@é@’tl?é_r%\#th'djt?ﬁe and p-type doped

sel eCtI ng devi ces of the NAND unit cel ;
ragionstof BiecsereRbanfeliray ertiea) seBINS eaieg i9pergerairddnto Selecting devices

oft tAE BLANEY Ui del; ahd Bt RAsk @etlmeﬁnaﬁ@@aom&gg@@%tre&utd% ether with
second and third verti bei n |ncor orate

nms
eGSR D8 SEPHE900T PFGe dBR LSRR TGRNES IS, el
in26rpordied iNAND 1as3t bnecstlihg oévied Sitive IANDh@viteden t he second
and third vertical colums consist of doped
nmonocrystalline silicon. 2 1. The NAND unit cell of
cl ai 20.17 WineNAND uniteelt ohdlaiol 1 Dah@cidttheisdédone andthérd vertical

e 06T e TRkl Aodia 20 a080 22 A O

sen1conductor construction, conprising: a

sem QP”d“fﬁé)NARﬁ%n cBll 811 J{fﬂf’# 17?\?6h&9£innhé L@r{t&)l ?gﬁé g{llgétﬂrgs are

upwardly fromt e pillars conprisrng
hQIméYaﬂﬂﬁlﬂgﬁ@d N\ﬂfhﬁfpﬁepwsé@%‘érﬁgmmduct or material and

p-type doped sem conductor material; a pair of the

pillars being adj acent one another, the adjacent

pillars being a first pillar and a second pillar;

tunnel dielectric between the adjacent pillars; the

tunnel dielectric including a first region al ong and

directly against the p-type and n-type doped

sem conductor material of the first pillar, and

i ncluding a second region along and directly agai nst

the p-type and r
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type doped sem conductor material of the second

pillar; charge-storage material along the tunne
walp@bee4as c; the charge-storage material i ncl uPCTYSH08/084683
Dbtkes Nol ®g22n9sd ong and directly against the first

region of the tunnel dielectric, and including a

second region along and directly agai nst the second

region of the tunnel dielectric; charge-blocking

mat e?22.al Alsemontietiavansiaictbmrcagprismageri al ; t he

char gebl o [ including a first region al ong

and direc%Féﬂ%g§@%§¥b?%é first region of the

char ge- st apkigaditheftrdierssdxteraling upverdivimo the bassotie pileys comprising
alﬁ%ﬁﬁﬁ?\g%nt? (986 é%l&g@l.laéF mta{é'ﬁagz?q ia H @B% ﬁgbé%f’keﬂilcgnlaﬁctor materlal

or ade materi a contro
a peir gtthamdlers tmmg @cﬁ@cqnb@nezmmrl ty]egip@@@m pﬂllramﬁmgaa flrst pillar and a
%ﬂﬁ&%ﬁ = the control gate structures being laterally

tween 'the adjacent pillars, and laterally between _
the firsttugpgl J@%ﬂ?obqt‘é@@fbﬁﬁ@ agfacemeiliers theeliped gigiasyic including a

flrgﬁrte@foh%hong%@ dn’@:@ﬂi/l Ralnseths RAGHE §ndl’\411t),tHerHoE§@§§r§|cBﬁ<.t12L)6?cﬁ'?naterlal

he horjizont al | %ps paced contr ol ate structures

Ofﬁh%f'%wi'%ﬁ%@fﬁ ing GrReEPRILIENIGR aéﬂngcqngudﬂﬁe?b/ JRREEEINR Priyee and n-
typ@abpe sm&@mt:rouﬁfatgr@sofan@smwuaed by electrically

conductive |ines that ex i zont al
oot ! orher ot SRl e SRR i Ut ol e apegersyerace
mdtenadedslsdub@ta\ﬂm Iﬂe@cﬁrﬂﬁomj arﬁd‘l@rqmtl)l/ hgﬁlﬁstdﬁﬁe firbieregibn bﬁihettlynnel
el.ect

oBlerfly & Forudlhd 8PSy RE Houg BairatingPan i fogaat Fodion of ne
tuneeltdigtedtriper i phery of the pillars; and wherein the

el ectric L ' n
ol oot 1 carl[Aos BBOHEL Bt i, BE Eng b URER SHRBRBT o sparoe-
bideimpmRiEetiaNocluding 2 figd Briaalorithends@ireicthoaghint dre first region of the
i | i . .
Tl ol STty BPELAde00F lorg rad orenty sy e
sqsond sreiaoeitthe rhajae-aloggeeataia;, a top control gate

‘structurey EI@Fbmtyaéf cbﬁ?o‘?ba@@rubﬂ?&rtﬂﬁddréhsrlﬁgféqI§7 Qﬂ)atﬁatﬂ%m one
structure between he bottom contr ol ga e structure

angiieTt e cPpiP @am%mugeét heing laigeally betwaehdhe agiacanipilarst i laterally

b&t@BéA Ple fBRttaAd SbESHELHGIBSs HRhBhdr6-BlRRING Rtk aRbAd
selectlngnwﬁVICes of a ND unit cell, and the

at
| east ondPYIRIFTRATLE WitB FPREHS b@évv%enswnewn@"bépwd control

gateenupoeat ed into at | east one string device of the
NAND unit cell. 25. The sem conductor construction of
claim 22 wherein the horizontally-spaced control gate
st r u23. ur eBheasamieorfductst cawtruciontud ciaino 82 alhkseirsthacentrol gate

stﬁJ%ﬂ}résoére %an{é(%cf W&g&ﬁ@qlly %QﬁdJché ﬂ% tﬁﬁrgg{eiag ita!;o%g% horizontal

second s contr
d|gtct|omtflu,rtr@$ compaging electrically msulatlve lelders between some of the pillars of

the plurality of pillars, with said electrically insulative dividers being vertical columns that
extend along an entire vertical periphery of the pillars; and wherein the electrically

conductive lines are between adjacent electrically insulative dividers.
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opposi ng side of one of the adjacent pillars fromsaid
first set of horizontally-spaced control gate
wGareogoodaes; the alternating p-type doped regi PCIFUS2U08/084683

Dockey po. 8Opedosegi ons of said one of the adjacent
pillars form ng channel regions and source/drain
regions for a first set of flash nenory cells
conprising the first set of horizontally-spaced
cont 24l gﬁtesestlicomluu’loesonmdtidrm‘f ctrirs ee wiharedre thedforikdraslly-spaced

ccﬂ:g o égte %ﬁH’tﬁreﬁ%@J CO i erceon‘?r? ? st‘?& tur%fa topfgntrol gate structure,

onta space I‘UC ures
ang 2lea8D 518 prma_rme@am)@)ntrol gate structure between the bottom control gate

structure and the top control gate structure; the top and bottom control gate structures
being incorporated into selecting devices of a NAND unit cell, and the at least one
intermediate control gate structure being incorporated into at least one string device of the
NAND unit cell.

25. The semiconductor construction of claim 22 wherein the horizontally-spaced
control gate structures are a first set of horizontally-spaced control gate structures, and
further comprising a second set of horizontally-spaced control gate structures on an
opposing side of one of the adjacent pillars from said first set of horizontally-spaced control
gate structures; the alternating p-type doped regions and n-type doped regions of said one
of the adjacent pillars forming channel regions and source/drain regions for a first set of
flash memory cells comprising the first set of horizontally-spaced control gate structures,
and for a second set of flash memory cells comprising the second set of horizontally-

spaced control gate structures.
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