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[ 0003] A typical flash nmenory conprises a nenory array that includes a
| arge nunber of menory cells arranged in row and col um fashion. The
cell's are BRYBFRCUWDbuped into bl ocks. Each of the cells within a
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memory. A NANDrmghéd Hbtdcks OBy &R rbersonal computers have BIOS stored on a flash
memory chip. Such a BIOS is sometimes called a flash BIOS. Flash memory is also
popular in wireless electronic devices because it enables the manufacturer to support new
communication protocols as they become standardized, and to provide the ability to
remotely upgrade the devices for enhanced features.

[0003] A typical flash memory comprises a memory array that includes a large number
of memory cells arranged in row and column fashion. The cells are usually grouped into
blocks. Each of the cells within a block may be electrically programmed by charging a
charge-storage material. The charge may be removed from the charge-storage material by
a block erase operation. Data is stored in a cell as charge in the charge-storage material.

[0004] NAND is a basic architecture of flash memory. A NAND cell unit comprises at
least one selecting device coupled in series to a serial combination of memory cells (with
the serial combination being commonly referred to as a NAND string).

[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. 1is a simplified block diagram of a memory system in accordance with an

embodiment.



| east one selecting device coupled in series to a serial conbination
of nmenory cells (with the serial conbination being conmmonly referred
to as a NAND string). [0005]A continuing goal of sem conductor
fabrication is to increase integration. Accordlngly, it is desired to
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accordance mnth an enbaodi men [0007]F IS a schematic o
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R M T S T R R
vi ews of thwcsssrfordomuoga oremory array. An edge of the three-dimensional view of Fig, 6
illustrates a view of the zone labeled *8" in Fig. 5.

[0010] Fig. 12 is a view along the cross-section of Figs. 3-5 of the semiconductor
substrate of Figs, 3-11 at a stage after Fig. 11 of the example embodiment process for
forming a memory array.

[00H1]  Fig. 13 is a diagrammatic, cross-sectional view along the line 13-13 of Fig. 12.

[0012]  Figs. 14 and 15 are diagrammaitic, three-dimensional views of a semiconductor
substrate analogous to the substrate of Figs. 6-11 at various stages during another
example embodiment process for forming a memory array.

[0013] Fig. 16 is a diagrammatic view of a computer embodiment.

[0014]  Fig. 17 is a block diagram showing particular features of the motherboard of the
Fig. 14 computer embodiment.

[0015]  Fig. 18 is a high level block diagram of an electronic system embodiment.

[0016] Fig. 19 is a simplified block diagram of a memory device embodiment.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

[0017]  FIG. 1 is a simplified block diagram of a memory system 500, according to an
embodiment. Memory system 500 includes an integrated circuit flash memory device 502
(e.g., a NAND memory device), that includes an array of memory cells 504, an address
decoder 508, row access circuitry 508, column access circuitry 510, control circuitry 512,
input/output (I/O) circuitry 514, and an address buffer 516. Memory system 500 includes an
external microprocessor 520, or memory controller, electrically connected to memory
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 1o store data that is accessed via a data (DQ) link 524, Address signals are
received via an address link 526, and are decoded at address decoder 506 to access the



substrate of Figs. 3-5 at various stages after Fig. 5 during the
exanpl e enbodi nent process for formng a nenory array. An edge of the
t hree-di nensional view of Fig. 6 illustrates a view of the zone

| abeled "6" in Fig. 5. [0010]Fig. 12 is a view along the
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[0016] Fig. 19 1s a sinplified block di agram of a nenory device
enbodi ment [BEY | MSTIESEIFaVEROdRG!ges MARD g PRATREN NV PSting

includes charge-trapping {or flash) transistors 208, to 208y; which may be referred to herein
as NAND string devices.

[0020] The charge-trapping transistors (i.e., NAND string devices) are located at
intersections of wordlines 202 and local bitlines 204. The charge-trapping transistors 208
represent non-volatile memory cells for storage of data. The charge-trapping iransistors
208 of each NAND string 206 are connected in series source to drain between a source
selecting device 210 and a drain selecting device 212. Each source selecting device 210 is
located at an intersection of a local bitline 204 and a source select line 214, while each
drain selecting device 212 is located at an intersection of a local bitline 204 and a drain
select line 215.

[0021] A source of each source selecting device 210 is connected to a common source
line 2168. The drain of each source selecting device 210 is connected to the source of the
first charge-trapping transistor 208 of the corresponding NAND string 206. For example,
the drain of source sefecting device 210, is connected to the source of charge-trapping
transistor 208 of the corresponding NAND string 208,. The source selecting devices 210
are connected to source select line 214.

[0022] The drain of each drain selecting device 212 is connected to a local bitline 204
for the corresponding NAND string at a drain contact 228. For example, the drain of drain
selecting device 212, is connected to the local bitline 204, for the corresponding NAND
string 206, at drain contact 228,. The source of each drain selecting 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 1o
the drain of charge-trapping transistor 208y of the corresponding NAND string 206;.



[0017]FIG 1 is a sinplified block diagramof a menory system 500,
according to an enbodi nent. Menory system 500 includes an integrated
circuit flash nenory device 502 (e.g., a NAND nenory device), that
i ncl udes an array of nmenory cells 504, an address decoder 506 row
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essentially of, or consist of monocrystalline silicon. Base 12 may be referred to as 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,
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for the corresponding NAND string at a drain contact 228. For
exanple, the drain of drain selecting device 2121 is connected to the
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including, but not Iimted to, bulk sem conductive materials such as
a sem conductive wafer (either alone or in assenblies conprising
other materials), and sem conductive material |ayers (either alone or
in assenbli es corrpri sing other materials). The term "substrate"
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[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 vetrtical 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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mask to underlying |ayers 20-26; and subsequently renoving the mask
to | eave the shown construction. [0032] Trench 30 may be
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utilizing SheMateaR!s F8cHLAMAE MPoOtITSRIg tq RS/ dtet'ﬁcir@nwégee%k@é@%mafenal
mat eri al 32and biﬁui‘g@blbadnﬁtﬁn@fbnﬁlj‘}esﬂebw and formthe planarized

surface ext l.Ng -aCr 0SS al 32 and | a Ref r| n o]
Ho o o of2Batin? PR LRER LRI Ry SolPean i ane ameER B com AR of
al t er nat i ngompasitipss,dogd akyaled epEmpie ecrdpsednk aymos ¢ 6HiA6), dltacrdé bibn-eugh
ESZ gl)ﬁfjl ?pe%Leg{Snb%bmégsltlo-ﬁg %gﬂﬁ% Igé‘et?@tﬂc g&né%)ﬁoh@%élﬁé &%lét?ﬁce%ﬁn@%tlons
first trenBRVIRGA dipleplingomsiant grater F@ﬁ of SM%ﬁHd%U%@n@d XMl dafnium
pr ocessi ng ositié gecdHiuntbPde, Qluniituim bhigs, bic &y |&0kao¢é1é8aﬂ: @pbdions. In some

h tend al
bort sont ar cppde s fod g e R oS R TDIR RBPP IS e SO
of trench 8xide, rﬁl@lNHth Mlettstrlctmaeemlwshovgu diiedtridenagertagnth gherahibetintents,
an axi s 35yfh@tnel GelRbibRLQ @thpﬁs% ﬂﬁ?c%ﬁiti%s@hl&p%x%b@ Redok £ RN S

aral l el .
P stack (i.e., a stack of silicon nitride/silicon dioxide/silicon nitride); and other muiti-layer

stacks comprising high-k materiais andfor silicon dioxide and/or low-k materials.

[0041] The charge-storage material may comprise one or more charge-trapping
compositions. Example charge-trapping compositions are metallic and semiconductive
nanodots, and charge-trapping insulative materials (such as silicon nitride). If the charge-
storage material comprises nanodots, the nanodots may be embedded in insulative
material w-hich may or not be itself charge-trapping. Example insulative materials that can
be used for embedding the nanodots are materials comprising one or more of silicon
dioxide, any of various high-k dielectric materials (for instance, aluminum oxide, hafnium
oxide, zirconium oxide, etc.), and any of various low-k dielectric materials.

[0042] The charge-blocking material may comprise one or more electrically insulative
compositions, and may, for example, comprise silicon dioxide and/or various high-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, 48, 48 and 50, and in the shown embodiment may be considered to partially fill
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[ 0037] Trenches 34 and 36 may be representative of a large plurality
of trenches that are fornmed to extend parallel to axis 35.

[ 0038] Trenches 30 (Fig. 7), 34 and 36 together pattern |ayers 20-26
into a plurality of vertical structures 40 42, 44, 46, 48 and 50.

Such vertic eferre Q0 a r
ol urme. - AdPRRR S e PBYeY Sieh G BNGE o8 Bl e d e i e Rime
anot her by ssn@%mallyo&ha"w anysutiatid nrecec;smg.deqhsilrqurewmmong ot moreetf @foimad
32, or by oRePLARSHENNLER, dFRMical .Qfesgif

i nst ance, Qﬁﬁacéet%t%mvm Ficj:lal s{ruc ?JI‘ eg 46&{(6364? a‘Hd gysg%g%gr{ér%?nm%nne
anot her by (BHP Fnsul ative divider 52 correspondi ng to mat eri al

adj acent 6 [ooga]t i aatheShowe bhbEEmER, t@n@bl 4RlIcafrie nRRRPsk Hin A RPE vﬁﬂﬂ!ht her
by an insul ati er 5

I al__ 32; d
i acent - vaPrH S PelaeliEinmds BAARHREh g atanet 16 e sbe Bsiomge by
an i nsul at inwderil §4 ghatths 6hayge-blesimndatagal £6 fovatl@reralitt@PsucAlupwardlydjpanient

vertical s ot her by an
openi ng 58 é\gﬁﬂllﬁtﬁé@%ﬂﬁﬁ}?ﬂ! tﬂgcﬁtgnégﬁgﬁ%ﬁ%ﬁ@gcaﬂgwggtruct ures 40 and
42); and adiP8¢dnt T\fﬂéﬂatyﬁ@eﬂf meferighsogr Ghangh 68 a1o shpvd e gompisespaeEwsbne

anot her by saac@pefat & BPidiabiietitnt SppetRcaditack ok §e§ﬁl§$hd§&ohﬁ£t\m& B6 and

t t 4 d 4 ls 62, 64
2nd 66 ar PG ﬁ@@aw%lmz[ LB hen o6 carpichedsy T lorg Hestedsol it
may corr espérgl dnd 66un pebndiover egrter sarfaced afrsgariconduckrenatveiab2s ald is@atibn
char ge- bl gl g SRLEY irh il ARRRERHAALY (ol T@lﬂf%féﬂ%ﬁbve%ﬁhﬁﬁ% 54 B4

may conprise ané sul't osi'tion r conpi hat osiiidns,
and may, f@8pdeg ‘hfﬁloée”%ﬁiiﬂeir giwfagpeoigemipgnductr ”ﬁ?rlab%ﬁwaftﬂ '@tﬁﬂ@é meggrigh- k
diel ectricagonpositions (wth high-k di eI ectric conpositions being

dielectric ositions .having a dielectric constant _grea
that of si IHBQ@ oﬁetf’é”ngstﬁ% ?{g coptigl ogle s ‘F“é’es %%l'f% |%1H17g>?f‘ﬂft8rm "P”@Uhi um
oxi de, al utremhrAdpandientreltgate struatucks| 78y\8kardi & ae farined edingp asndhi 380 $isol n

sone enbod| bfé?(f\&aﬁ!y |r¥snl‘3tl\;eu§?r[&@{ure|@ (\?f‘ﬂgﬁ ﬁﬂagﬁlsgBX r%?r%ﬁ\:ll Bhs g;aac%rsz bﬁ' QSJB 8 and

conposi tion i'con |eIe ric
material ofO B@{oRedivaihisdtanci S4rend elesir l‘;ailyll'?‘ﬁulﬁlmtrt@wﬁ?(ﬂ%%t9§ ang A@are

tunnel di elop@bd i Mt‘fhnﬁTﬁé{ndh(B@ Iihg thsMlive sma@tmw 863 B8 Sha i ﬁlter@f@m ﬁle
stacks are an

o S ol o oo O Stfies 72, B apf el bR S f?nch@éy@? Sl Bt FRfpures

hi gh- k mat 82,i%| 96 mmw&nltemalte withnthel cantiotigata sielictired T88R anti82wltkdh French 36.

[0041] TheL%@EQﬁlo%tagﬁl%gSthgptﬁu%@lcﬁ‘ugl (?%Xsﬁméﬂn eQn'Féx%hzgg{oeform the
char ge- trapga%% conposi t 1 ons. g conpositions

are netal | #lEer 'HQ%W%WH@PW@”M‘P{B%@@ESwr%&ﬂ@@tmﬁtab@ﬂy@e
i nsul at vesémueélyaé@sﬁmr@s:rﬁbﬂmmmaha cvge) . |f the charge-storage

t I t
Mmsul ati ve HBL: | 376 GRUCHoTag B Rap PSR Py SHBG BeP o ructve
Exampl e i nsnrhralsmmeomtumﬁmnaablsoﬁdMnannobduuhsedorhmsmem;eddimag, fotrexample,
nanodot s a&cﬁn&ﬁé Eﬁé 8! Fo YT PAroh s 9{5%3!?48& qarﬂ%tur%' Juh&s‘?%h Qicﬂxr'ngtgl- a”y
S am

of variou dielectric materi a or ‘instante umo
haf ni um ox‘FQﬂ'éam'QQ PR tipnoiar dnstanse. cfne)fal rffide. mejel eificige efco pad p@vwmlveiy-

di el ectri cddpati 8BmrbSductor 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.



[ 0042] The charge-bl ocking material nmay conprise one or nore
electrically insulative conpositions, and may, for exanple, conprise
silicon dioxide and/or various high-k dielectric conpositions (for

i nstance, al um num oxi de, hafnium oxi de, zirconium oxide, etc.).

0043] Th |
Sor ot ur oo AR, 5 rhe Bt ppda e e ool FANRD (LS A1 S CharbE

be consi deﬁ@@%@%tﬂi fﬁ‘hlch@r a¢-plopking m@i@éﬂlﬁﬁg@%@paﬁtﬁg@@s PBVWF%WC@%h
openi ngs. Idmelznm ab] «fd &5 folefta BIOELIBGRS H@.b(ce@%f mnm.t a&rawre; ih@hhdk, in the

utilizing SUIt ocessi n i N

more of at P“‘-’d‘ég"ﬁé‘% qe §eq dantsp! ol fee (\7/%&8@"Béﬁbf§ineqddwth'n
(CVD), andtrel’wjnsaisc dhe vap@i gate pisitireo7s, BEYRY 82 hﬁ@ééh‘sﬁndu@e@ howane .
enbodi nment Li a layer w thin trenc
36 t hat Cozﬁxr}otetﬁsjé?gﬁé ddc%netl'lg %Ie\fa(ﬁoﬁ%}loca Or?e“rq% n &re@glﬂ?%larqg %dmgl%@e Soritrol
char ge- st og@tg@trmr@ 7&180@ad éamayﬂve refasiedyio-abladokdmgonted gate slru@@ef or m

layers wi t pidAmsdigh cHRWRESE XreRGRIang tdb%hﬁa nge s%rnahrepﬁe%écﬂbé;y e doname
cont ai ner and narrow t he cont ai ner. %}Srs of materials

62, 64 and°®EOLEAL SRSIHE 7HMaY v ieeroR mtﬁesS?legtuwf 6 19¢,gfta MAND unit
co- pl anar wditihotthetdpppetionyate sﬂ'u&tﬁm&n@fbeﬁﬁcfﬂrmadulﬁﬂcﬂéndmEéié@hgaﬁvice

and i sol at t 2. Su CcCco b niti aI |y
form ng thﬁ@e{;%rlg'&% un§ ee"r‘ ?%cftﬂeﬁé{m@%ag %@g?% zr ?tgprl?(god'@%’r upper
surfaces omccs“etwat@dnfd@atstymg wraies 10 of 26> D isibtelit witntherb#A8ID! it c812 1 1Cathus
than util 'éﬁt%l@'\éﬂ%éﬂy&mﬁrﬂ%nﬁﬁ a5 bbtﬂr’é&r‘?‘{?&ﬁoal @ﬁpr)msiafb Jr@r@ve materials

62, 64 and from over er surfaces of sem conductor materi al
26 and .so|%%%n Hefeaing 9 S%%f'nf it ¥88r Bich cAgPHssSs epgpnehregiops$i wigin p-
gat e str uctps éspedlayerd1,a00kcd/Bradt Rgibas 98ehad 7 Withih i-type abpedlaysiZh and 22,

| ithin t h 36. .
ot ol 9ok BAPHOSES) dBeoi0as MR Bl TR R BT i
to as spactiegiwean cogel 88 divdiugd’&ard theoehmdelvedidnsd3t frethelsh@  and
el ectrical érﬁbddﬂﬁél"h %hﬁ‘& gﬁferéﬂ'%twee?% i9Betweéh a Begr &%ﬂa%l %%né Qﬁ %ﬂ the

within trench 36. The 1nsul ative structures o,
alternate Waf"P\e'fEf%’”é(?ﬁtnEé’f‘ I3jerely Gppsing El‘i?‘%"'s"f‘?@ COS'KOIEQ‘?E? %@'CWG’(W n

trench 34; [md] Si wbmhbyo sttheg deviel 184, sueh SdnipHsbsI BRI 2egiS, 99%thanﬂty98
French a6, SPRdEb s SPira e B Ea Sl B0 T ral sl e b gmorises
t echni quessonep/diain tegicad 100 witlun miydesiogkbd Ryeradi sl ¢onwuibes riegienseftureelr es
and cont r alie@diCa8 bhatgs- WHofiRie rk n?di'&{a@& B éHa?gem?ch:kmﬁ riferaf b8 Méthden control
deposited by one or_both o
gate structure 80 and the channel regrons 99
[0051] Referring to selecting device 102, such comprises channel regions 103 within p-
type doped layer 25, shares the source/drain regions 101 with string device 104, comprises
source/drain regions 105 within n-type doped layer 26, and comprises regions of tunnel
dielectric 62, charge-storage material 64 and charge-blocking material 66 between control
gate structure 82 and the channel regions 103.
[0052] One of the selecting devices 100 and 102 corresponds to a drain selecting
device and the other corresponds to a source selecting device. The drain 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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[ 0047] The control gate structures may conprise any suitable

el ectrically conductive conposition or conbination of electrically
conductive conpositions, and may, for exanple, conprise one or nore
of various netals (for instance, tantalum tungsten, etc.),

| - i f
i1icide SpaeseTaBaRL TS ey e pER SRB1 REHE 3y ThePERpsr Rapmon
i nstance, &wmeRITES e I}O‘fdbp'erdn §1d. it t.olm, soseembodifeetseéithet thie bilirley or common
i nsul at i ve§lEdiflel hiS ceﬁé(spg %él&?ﬂc@ﬂ%oﬂﬂb&@@’n’?&s% Smj’tﬂew Ila%é 20 a]nd in

i nsul ative_conposition or nat | on tion
exanple, c8 RpFira Cowmwlt%@ﬁ@ i regiogs in I@yer 20rpspidhe ghergy mecbdkﬂes

di oxi de. 8and &ﬁrﬂﬁc}nTmr@eqmbé ﬁh'ay g@’fe%pgﬁcrt@@te@fr@a;y cbmt.\hﬂrnewnlﬂm WhER]
dielectric maﬁ g Ibt%ag tor mat eri al chargebockln
material 6BYSTAGA" dpeaeY e8‘f°”\)’€ HE&P dEaWSE'PB*‘r'@éayﬁéz 40T NgiEncg,s
48 and 50 tormoasqiree lbles tryaybé fatmed ae s-typle dNpcHanhéls amhing bekaith the

i nst |
st ruct ar st 0 3 2 BB RRARIE ey bOR B REind DB of BB £priorss
st r uct ur esthe@pitadl gigwtgof '%@y?%e di stl ngui shed from one anot her based

on their elgysayi ommoulgﬁ@ﬁé !;lﬂ Mé\lid’é' ﬂetéf@Fﬁéﬂra%ﬁln?@&qcé}qt@@fs@hB@h)ﬁttx%‘e
erred 0 as a bo om

control gat e"}Pﬁ ? 82 ma

control gapemRy NN a0, el andbe BRI o GIG Cetoesoud aNaNP oY
control gatels stsaucetmnlquimmelﬁiruns&inye tfdre magbt destiag tewdesgad sring
structure i

NAND uni J&f%@%ﬁ%@ld{g%‘%gﬁ con Ptﬁg '3’5???&5?@9[&%9'69%% aCI\(?AI&ngm%el[%ﬁen
i ncorporat‘éﬁf'fP%Pd)eaﬁﬁm\’YﬁéPf 4#} ecting device 102 of the NAND unit cell,
and the in @TSQCFd' mltfe §MNnré?ﬁboGﬁﬁe$|t %F—I é&*rb’lrg%te&.@ruﬁ@bés%r lngﬁﬁéep%rﬁito? te

into a stri.n uni
cel| 110 tﬂﬁ@m én%? A %?&%ﬁ? Pyt %“ﬂ F.ﬁ’)n""? P@ﬁewa@@“sa%ww 0@? fiPReg
col uims  40reginds 4é.indt&}d4JdrReblegatd sigictuee 780k actZongllfeigheewitOp-yps dofed

gggpg;;gfarggﬁgggpog (RAURORng g uaqﬂaér;/rﬁgm&#gle JJaI%/g}éal\,nét%IiSQ%ns e
and regi on¥Pafiored sa@icopdustos matarig!, stmm/cg@nsemgen tmtedpin@l 64 and

char ge- bl %‘elﬁ‘hét@ndl.ﬁﬂi&r&ﬁét@ﬂlal Qﬁnai@o@éﬁéﬁ@ 'NM@S‘H&\/RJes gﬁmtcﬁhe?TeHib%EhH{eﬁtJﬁe aBrot he
channel reqions con gate structure

nt,
781 bet i RS e b SRR BT GHUGBe PP ROP TR BRI B ors
bei ng on |dmkenadgions ppoisinAgpesdoped sarhicomiticiopmiatethl, gat the sburcetidingegiéhs

b0 w1 i e [)yb a8 ARG kol SHA Mo SRRA) BETARRANE, FRRoE°

99 within ayer rarn region
with sel ecqei!w"@é@nelegq@oo PM&X¥avices: source/ drain regions 101 within

n-type dOpﬁﬂ)sbPYQh tr%sno@n%m@a‘mehsm doﬁ%:@a@ sthtwéaapé tth&h@%rﬁéaﬁ’ 62,
char ge- st 64 charge ocking material 66 between
contr ol 3{1.819@5? ﬁ%ﬁ‘ﬁlpe '?ﬁ)d%’?a ’?%@sé'%éﬁﬁe‘for‘?@@g@r%’ ugfyres [&‘CR)'BOHZ%? ¥rring
to sel ect | atignagtiavithe @ ot Di8tansay conteb pate sB@sure Matelrizoregly @lignetiG3thwi-ide N p-
type dope o'p@é' Per 10%5’1 MOﬂﬁoltdg?e ﬁ&%%%ﬂa%lamﬁéﬁgl tﬁﬁ!?ne%g er"\ﬁnéﬂs terslarrr]w

devi ce 10 rises source/drainre
| ayer 26, %ﬁ@? vasRst thiskress d 38 ehistyoe dﬁmﬁﬁhéglomn?bl ectric 62,

char ge- st o[gge] rr&[tr@rdoahm%n@ﬂﬁn% BeHH@Lgd &ﬁJ&&dﬂ& f@h@ Eh@éz BrRahYRRR
control gate struct e channel egll ons
insulative matenal 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 alternating n-type doped semiconductor
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[ 0052] One of the selecting devices 100 and 102 corresponds to a drain
sel ecting device and the other corresponds to a source sel ecting
device. The drain of the drain selecting device wll be connected to
a local bitline (anal ogous to one of the bitlines 204 of Fig. 2), and

the sour Cerr%fterfahé?]dﬁpfgb%ao s%%doﬂ&c%? a?é?la mo*bebpefeq:%ﬂ & &@3&% rﬁ'ifthird

conmbn 9 source Eggs SOUFCE I he
Fig. 2). THeled epiimes respgcishmdhe §‘éﬁ9f‘@én¢ ihitd gergiead celomnns #Hoeid 42areppwn

11. In somg t%mo@bp@aﬁg §|de§bﬁthl@frsltJéﬂlcQI'6o|drﬁleﬂ2QFonP&{§HPlﬂth§PUﬂ’%Quﬂn‘eﬂes
may corres Ive |1 hes runn

| ect
50" and | - DRBEHE Peci PR TR GHA e SGRspe Bog 8 A G B AE el e
20; and t hextehdigy lapdrs tHaeareitietvere sheathist vetinaienlusmur g @ndl theescsraand third
d
cor £3PonS e LSEbH 85U SUIERY B NS oA kB g
For inst anb@lzocfahmﬁﬁn%wlweInrtwessdqpaq regions ofﬂneml@yenm@lwp@mal@e@d the p-
channel s r %”EB s eG8As & thdsechRt \‘}é?irEa| &mﬁn 29 are HdAFNENGBRERES mﬁmsﬁetbetype

formed at eprocessmg st a prior to the epltaxial
growt h of FoRFEegeNs qf@t?sém%grvﬁ?h@qmm# sTf}qq?@treJ@mec%rU%tweé 78, 80 and 82 are
char ge- t r appiwmgo e bkhtaliPdlignsd #hivie pHpd duped xagigiise NAND unit cell

110, there B@%’? beTH@Q%coﬂB%ﬁd r&\/Qrgca?ﬁ(\allbr%r?ssm?y%cgn&rgegpyﬁs%D unit cells

of some enﬂ ) nts or 1 nstance ere na SmaeVIceS 32
string devsereisondgaiosmateriy, afsimaefor exaraple, cansist of tepedurdneerygtlling siicng,

devices iny QO%NDTH@InEINFdﬁJallﬂaQ{ fheRMoleRid &thd RARS uRit BAVERD cgﬁnpﬁé’&bontrol

[0054] I'n the own enbodi nent, the'control gate structures (fo
i nstance, S3nfMARNaA ke @Gricghedia! %forgﬁtaé% cgptr %ﬂatﬁwr@h‘i’ftco@éql pate
110) are hstrucmacaltdageﬂadrmghamnwcﬁdleqmotrwsnaalep,eﬁarg@gw@ rﬁéterral 64 and

i t t t 78 h I

o type. dopditae oty Biid B W Bt taiodanhlsy B8 Ren de e RoRndh heory
cells haveCQfWﬁPm@ItO Tayosme!ls, ran@)a@oypmgﬂpdbewnselrdleimmat@mal Aatray cahprise,
and sour ceigk@i dhskRBIPHS of &ngsttaf eﬁc&meswcﬁ%g ‘éﬁatrefbre nﬁeaé@r i b&nay

anal ogous to NMOS devi ces. | n other di ments, con gate
st ruct ur esCIMRISHEORIF, eSBtiaI CHICP@?'%Bf WCPH nitife; thechgeblopkins Wé@f‘@r@
so that thmayzhﬁﬁmsb doagkiosserainky ¢fNoritohyi @f AopRUmSeCARIANE E@Mirol gate

mat _eri al , %F?Jgtu%] AL \ZF&% %r a&orr]mséte ' Sl ?Va{feorlcg %sttoyp rit F"ﬁ"gg% nMenory

sem conduc or nma accor he
cells wll [%%naﬁ@ﬁjb@!gﬂfawdo mmedféelstr@tsure OEIBS] 1l i thehsuch lcommrises a

embodi ment pEurTahg oP;Qﬁhtré 20, @aﬁﬁthﬁit éx%ﬁlﬂlb@%d@rf%n{ Q@erﬁlmu&gf Eds@ "{‘\lwth such

t hi ckness as regions that the control tg
st ruct ur esPase eﬁsﬂhezt{?ﬁ?aﬁ()EFl& fr)gwgtf-wmhe PwarS.Cﬁ@Paw&eaf e&@ﬁﬂs piyrgat e
struct ur e ddped serhioonduotor alateyialednd grigek adpbd s@mh&rﬂﬂc@ﬁﬁ@t&rlélegﬁ@mlaﬂs 4pand

control g t u cal ,thickne S 111 t.hat
cont o 92k o PHABla0R 51 3y USSR, Fblpd) o e
[ 0056] The eosiderad iovmadisdentioopaenaihergat e struct ures 78 80 and 82

al ternatingogsbf N The tunnel dielsctric 62 may be considered to be formed between the adjacent
pillars 40 and 42. Further, the tunnel dielectric may be considered to comprise a first region
115 along and directly against the semiconductor material of the first pillar 40, and to
comprise a second region 117 along and directly against the semiconductor material of the
second pillar 42,
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insulative material structures 92, 94, 96 and 98 of Fig. 11 (i.e.,
the columm of alternating conductive and insulative structures that
is formed in trench 36) may be referred to as a first vertical colum
112. The pillars 40 and 42 of alternating n-type doped sem conduct or
10 rmateri d ed
f\ﬂg éﬂ g lﬁﬁ B%gertfage%r P@PE%& tﬁa%ﬁr'{él GFIG%}{RE%nBﬂ'f ﬁ e

to as seco unns ective € ‘second and
third vert icergidesss th?ﬁ@PEl\‘EP plivet ragiony§ 19 %i‘PﬂSWWdt eplly asamaiﬁb%fyﬁtrrgglgn ke of

the first vgnkididbctf)habdid chidridd H88BRAErAMALIRE Blond BR LitkRiehgaHseingct ri ¢
62, charge-stor terial 64 and charge-bl ocking nmateria %’ 66 defi ne

verticall ysﬁwgﬁ%q"ﬁg'%lthﬁ/@%e KPS ¢ between the first vertical
col um 112 [aesR]t h&he esarpe-bianidng Mailedal\serlstalmgtheothargmstoﬂh@e&racbrAQand'ﬂnEy
n-type dop l. co 40. ar.e .. ,

nor sant al Py AT eRRno Sorhi £ Rt PSR bl g rrpggon of e
verti cal cgharwsmagealmertah@n@iotqwmn%@e@onégegmg 25falanp @nd dicestiylagainst

vertical Cme%ﬁorﬂﬂeéibﬁohﬂébﬁé?&! &bn‘aﬁeﬁla’té}hﬁﬁd with the p-type doped
regions of the third vertical The control G%Fge structures

78, 80 and IQQS?dreTeﬁavqu %afﬁé"W?Sz%ﬁamB%m@H@aow dip ge igrglye

doped regi baweer Bd)acent bikars eC amtl4R add takdraly beivdeh aied firstalnt BB®NEPGions 123

conprise ap a t Lerd

consi st of P(gdo fcRar ?:r% g% &?ﬁg%galgﬁl i coﬁcmr[ci)?ﬁg %ﬁcmr%/%%ﬁe\%?réﬁ?afiﬂ%%ﬁd
menory cel frgm@he ah@hNANDI theinsulgiie| matgral @Wes%tl i fitrody patopsideree td iz

of the ver §v|ﬂ‘ﬁﬁ‘Ehe%hw@be%n(tﬁ@ﬁorh&ﬁél@%gceo%ﬂﬁél%te%ﬁu@tu%@t erial of
control gate structure unnel "dielectric materi al

tht
oo S 1606 g Theraenue et STbcises 760 e BF Bk b GoHEREK S po BETISAC
sonme enbodby@sttasally bendubia@hineeimtextene lalodg Bayrigdit ewadwhmn thAefch 38,

cells, and_a n nel ctric

conpri se, Oﬁg'e cgnsé'gg%grqtf& gﬁy;b réocf%ns‘gerrgcti:F(i):’ncso 3 'Sen%% HIJF{:S ‘?142 3?%% agd sof'he
char ge- st oa@@@nmtremﬂ@rs f|randed?. doeplertenlly bsneiiet matsdal B8 imesly by corfisideped
consi st of 1Shin 88N nsM8iveldigirRECRD %%&H&%f pﬁlfaﬁ'saf#ong’@né%ther

conprise, consist essentially o f, or con5| st of W%Lm num oxi de; and
the cont r oforgatancey e insyipbVegDAIRAR) 32 (pP A slectiehlly insplaliecdividar Spiwpenf |

or consi st pI]EDEer taahdhe|mnd ifdrnk de eleckiCH HsAatke @vidsvatvicen @mﬁlﬁltld%hd 4BeThe
structure f I ura|t

20, 0o, aa%esl e o atr i@y Pe SARRELS o2 Bt Bolle B ey e
base bei ngan ﬁélr@w‘ecalgermherﬁ|0©the®)llarSwThh eleqitiballyfcondvstiysi linkaicamprising the
conpr i si ngccﬁﬁ'trBF‘da’f@étM&ﬁJrékér¥9}ﬁh|ﬁ|99%e§ HMHQMQFe%h ﬁ@%t‘%&h%‘beﬁﬁ%np type

doped sem conductor material. The pillars 40 and 42 may consi dered
to be a fi?dtcepi ?'?Cérﬂcaﬁhﬁsﬂatg’ééwﬁ’&rspl |lar, respectively, and nmay be
consi der ed [paB5pe Ty lawizoiialyospace c&ah%l@@festru[:iﬂ&@@]a gm@damﬁ@ be

i 11 ars aceRRgoS O § RS EbltCol BB REoh A k8T Glivey
to conpri sgatastfyciuses 7 Qﬁ @nd 19 may be nensidlerkddp be @tSIeyormJgat eisbnirdhgate
sem condu Cét%tu?@%ttﬁét'l@&n ?nﬁ blﬁé Bf [f?l!ér La rfroﬁIQin%ﬁr@FL‘ei & c%ﬂt%? ghi%%trﬂotures

second regl on al ong di rect ?al nst _the sem COI’] u
mat eri al of opﬂr@tt%y@rﬁfcianc[ get pf @Qtrolggtesruciures 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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[ 0061] The charge-storage material 64 is along the tunnel dielectric
62, and may be considered to conprise a first region 119 al ong and
directly against the first region of the tunnel dielectric, and to
conprise a second region 121 along and directly against the second

6.1 5 al ong OBl CHEPEShEY TR EMinat BIRE S ComiREs SRR bR p e
conpri se arddignstromgghldn utibeelidli@nipnande diera stdeyandgampytestchenrfel regtons and

regi on of E&ﬁc&%m@g{éﬁ@mﬂmmﬁb@dmoamgtéa &98&?@ :a%r@s.a@cwchannm
region 125 a directly agal nst the second region o

char ge- st oFRes ﬁﬁ%’ pyreg/drainge@a)ste alops yriscey aftae efwaéipmdégver%améf@tyaﬂd
82 may be gonsi |§§%’r£@lna Bcdordihghf 1BE Shdryiel rogibMEATY sRdicaiemt re@lohé. ﬁcbrﬁ NAQand

42, and | ateral|l he.first an ond regj.ons

char ge- bl oURl Y MACGHTR et i SRrepna G o SRt Sd) B o 8
hori zont al Is;suﬁqo@ntb,dmﬁe onhidneaybm fdrerampleds width df ablahsinboue 108040r If atoss-

structures,

ot vaen ¢ SIS oo e RS IERHECEREL D alibl Riflel B ABGERat ot he
control gaP'@a@t(fPU‘@?tﬁf‘% Pﬂi’@' 428ty Qilﬁﬂatgv?rr?ﬁ'?'nﬁ@ pushsrasercaering be

conpri sed t{no@*]ecrrg ¢@Islayw&@andh@ﬂwb\é@)sysa&@nbhag BaHoRAH ttﬁé me@.o@ ara
ons I’

h tal d
oy be continae oy b ghBe wl KreramTgnorioh o Aspe g 1he goufeliGan Sfyrhires
addi tion t 02,t7e78)i7B) &0 snd/BR andartl . coﬂ'diLe:h‘aal lees that etbnyd intosant atii of éhe page

mat eri al %mé/ ifie EI%Q§ LA8He gf I£| 1f20rF ?ﬁi;v* aca'&syselcf'ﬁ:!'%rﬁbéyrﬁ'l:to that of

di vi ders t separate sone of rom one anot
i nst ance, tigel3 @ﬂﬁjlllﬂfﬁvé Oﬁgmﬂpalforg CF’@@'WBSOQWC@'P%@?#'i‘%%ﬂor"?”wﬂ%ﬁm@[?i ve

di yi der beééﬁ@@ﬁudt’urbé 28, %O‘h@ld@ﬂ@o &ﬁer A, %ﬁﬂéaflaﬂl eFigCardhewns led’ragment
i nsul ative divj el ect

 neul at | veccamnswgﬂwﬁé\ye FaeRi 882, Sttt ahd eovhising St GTiRER A0, 142
ext end al oagd mtbattcnmernmmtrcla:jatmctpfeerm & and2, pishéadivgy. THeeconductive

el ect Il cal fog g%‘dfﬁﬁtaw%hbﬂ&%ﬁ BRY thg NG Lg@c%ﬁfﬂdgug 9B nldith ot &

are within nches or |nstaﬁ% ren
adj acent et@esiryctyps v8.i8nH 424 and meRv\bedeplogouy to egineg Ak, 202 and 215 of Fig.
hori zont albyeﬁﬁa@%@ control gate structures 78, 80 and 82 may be

d d f t t t d the
Co e o hab . &t o oS loa BB 58 b i B il e
consi der _edwﬂﬂothbdayarsslet@om aet14éf Toohayarsl 4@ due asd dd4thoun eseridsatf sieps 080,
an opposi ”Qsﬁse{n‘&q tQﬁé faffal 444, f\nﬁtﬂ% dé?és‘pefdré LssiRly o [:orﬁIRQHoPé la ?afnginward

structures eration, the'se con e structures
72, 74 andm'gemgérorrri@wrd@weaﬂ@htqqﬁtﬂ@f 2y R Thﬁ%"e%élﬁp 1@2@‘”@* A& have

anal 0gouS &:@obdipIAMINRs 4Bt sg thi 1@51%spé[&iiee|9 omhé m{ermh&t§isw e4UERS1542,
74 and 76 fo have chan

{eqi ons  1a60sly ST e Bhetvg B 1L B 4% 1 Besd Baorms in the

respecti venthpwn@nﬂbotihwntham a‘(shark(fdvdnmersermgof@nsnetﬁc@}s 132, 134 and

136 in n-t ﬁ@(%g opgd, I&T%Mgruﬁat 20s 0?%?? ) 1?99825% pa{rﬁﬁgqﬁh%ﬁ%aﬁ regly haying

[0066] I n t own e i ment rises c
and sour celundegdg, thousands, milfions or more of identical NAND unit cells. The embodlments of

Figs. 11-13 advantageously form the individual NAND unit cells to extend verticaliy over a
semiconductor base, which can conserve semiconductor real estate (and thus increase the
density of memory cell 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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regions from NAND unit cell 110 along one lateral side, and conprises
channel regions and source/drain regions from NAND unit cell 120
along an opposing | ateral side. The channel regions and source/drain
regions are along surfaces of the p-type doped | ayers and n-type
doped I ayers cco ngl e .channe ion

regions f ré ’Hﬁ%ﬂﬁgﬁ'ﬁ??é %h?rl%h rfﬁte\ﬁt'lcf ﬁ%? L P% e ﬁﬂgeé‘ﬁlﬂA‘f\ﬁf [%%ens
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et A %/m.wq)rgﬁc&mg&tg Mby%snmmg RFIRIGRs oPddpbdlon Bfalivd RAska

about 1000 Cros coutp ematic, insulative materi al

spacers naipyee thas corerisgoRAe lé"e(?&H‘ft\éﬁeS o$uqh1@°meﬁ$9&rr§ay(l%ﬁ‘oﬁ'rﬁﬁiﬂh‘sow&nts@

F Io lole?]r F42) aﬁl@so@dd 0N atiGast @csm@bﬂ tm pahPetefURd Héf/@ﬁé?enqu Flﬂﬁbltggonrt]ro! channetl )
ig a viewalo S of Fig showi ng t he

menory ar r €9 W@Zf'?ﬁ'{' rﬁ?m‘ﬁyﬁe'g?ﬁcqr’(‘fﬁé %ﬁ'@ﬁﬂ””ace 1% mmai ni ng portion of

base 12. THeozodnt Tbé embbdbdimstirafl Eigut leshoW@ therfehargbestord@s m8eriaibd b8Poar e

part of copgall 8 sbieBfis) de0ks c;ﬁrg%ce qg@d@@sg%pﬂ{] iR cRRYFgate

relative to e Cross-s 1 on

cross- sect ﬁtm@‘ﬂtﬁ?& oy andtheighannsf feBJiogS a@zs%ﬁ‘dwlﬂl‘q seiqcting dayicgpeln other
rrft hog for e@%&ﬁ@%ﬁﬁ aid Aquz &fdi\é%ﬁ@«?] {hatthe Bl@arb? %%g%@r‘ﬁ%ﬂaﬁéﬁ&d@@ a@hg gt €
structures an 0O er Clrcultr P

Shows & 11 LSRG AT HE SPBRMpERHET s < g2 FElliokale aa'ﬁath@fgof
and conpr i timigg anegample censtiuctes inlvlich thd 2hagelstbadetnma¢riat exigds ely along

control e tively. The conductive

l i nes 140%%32%@%%'%%43%%ﬁoetr?gjggg{bgsﬁ tr%&%&%ﬁ% unit cell 110 (Fig. 12)
cont ai ni ng [@&H r oRetgaire e Figut4 @rsé@'CPBdUOSID carrirugion 19A s itgraisd at a

anal ogous ﬁr@céé&%g'stdt@@%ﬁgrjiﬂatogg 8. &Ntheldostalctibh 80 lgané[@@gfdm&@b%’rrucnon

0068] A pluralit terconnects 15 r one e
Lorr ennonabh el . apdberay arUbiltg 300, a52 204 Phaosng NG obladi s Hog)
and 144 f opiltara48,e12, @4 46f 4&4rejBd d 6@, 0.1 Bilaar3d0,1W2, 204, 60R; DG amt 310 wenyhrise

m pn fgﬁeféq%ﬁiéor%@g(rﬁﬁéi%%% J@rﬁa erﬁgg @Bgﬁtkag @!}Ac)if[lg%m‘%%gcds@edﬂ%ggg

have exposwuith li@f%i@ffcért@rﬁlglbl hq@gswoqw alﬁsce@psrmfwaﬂeﬂyatlvw@ter'a' 32

inter Conne&&&]dir@%emle‘%% B ol Bl pRbRChHAd &ﬁ’q,ﬂn&eﬁ%ncﬁ&é 34 4Ry SBQJS@A%QVG
| ayers 140, 142

embodi ment MFRyoF Wrﬁﬁa@njﬁ‘ﬁ p]hlaﬁﬁ/ 3‘&/%@ §§f’ %(99 @866‘8 %ﬂé&"ta? SWEP”SS'
[ 0069] The &ixMating hitypeedndp-tpde fegigss arib]ogbl?»s foetyodeeshpan thegillass 40aa2jd4, 46,

o) ool " Rlara A S8 Srerd R AR Ina Blidd ABBnLre 1B Gi0Rh in Fig. 141
advant ageo@d?fjoﬁtﬂmﬁytth@dfﬁwwvl dual NAND unit cells to extend

vertical ly jqoef aTg@isl &aa&n&@gns BRSEh fommmlmgamae bottoms of
and thus In

odii iy 33&%@%%?‘ i S A0 SeTk Bl e fee piate fre e s

uni t cel | sTtartendab tigtedtrib 81 4 man tahprisenied stmeve@nipositiorsas tcotudod tElechiase.

| | f
f1ash mermo oS oyt (- of AR PR sepl Abe MBS Mohap ARAAEE e Shis™s P

| east in peamposignscasine @Pntmh@at@ pleiciurescTeh é4.576pT8. 8B Q%ﬁ%lquS@d@hﬁv‘e
sem conduc{rgy. 1 i)aylﬂé%ontﬂﬁ Qat@)ﬁwa@&l&t 5@ WithioirdrlR 36 R isdoneife®@ ntele 8asdtihg d

conductive nateri contro uch ures.
Sch ¢ hi okEedd hayveat busisioBl cnd ST ard e ke Geal B eTE A eainfuEen o4
sonme of t hieirearareddEini d dectifpueyich @0 betiviebn gidars 302 amh3040l channel

| ength of flash nenory cells in conventional NAND unit cells. [0070]
The enbodi ment of Fig. 11 shows the charge-storage material 64 being
bet ween the sel ecting devices (for insgance, the devices conprising
the control gate structures 78 and 82) and the channel regions
accessed by the selecting devices. In other enbodinents, it may be
desired that the charge-storage material extends only along the



processi ng stage after that of Fig. 9. The construction 190 is

anal ogous to the construction 10 of Figs. 3-9, and conprises pillars
300, 302, 304, 306, 308 and 310 anal ogous to the pillars 40, 42, 44,
46,48 and 50 of Fig. 9. Pillars 300, 302, 304, 306, 308 and 310

conpri se sem,.conduct.or terial 2,.Which is anal us_ to.

ot conduot 0740 S BSAIR, FllsBol b RRF dek e 2Bt el el 2. e
const ruct i arsulbgde @mhwoalS8eprEy sewpiisedd sdrme eormpsidonsads tBRinewaipedirngiures
bet ween so b ; i hes 34 and 36

ext endi ng ?ﬁ?%gﬁ’k@ét@%g“gﬁ%ﬁz. e%dﬁ%g‘?es&%gﬁ‘ 302, 304, 306, 308
and 310 nayl08é&Hpr iReterdng et Prife petignseof yaachgs 8¢ ped BeigmadaayYal Bedatye
to those shougial b 4k lihedf WittAhnef diclebifte mAriale®, aitfgerflobe atkrials4 apdch

A R T L N e .

formed al ongulatie deteddl 382 atfortriee witbnttersheaf34tand 36 el 1Baliremtie 6Theadudirol

control ga Sterﬁ‘?étgﬁa@ m &Shtiof aﬁé‘&mu{r%f 5529 908 15849368 39K The
A may co%p e sane 'conp

i de.
tunnel dielFectric rise ositions as the
tunnel di el [887%)i c T2 cantet aals suciinesy85Q, PRy 340 ehd S4dafe inserpemind iolo syinpe

mat eri al 336y afPRR ChSR! é&i@stﬁﬁéﬁﬁe§m@4ﬁ%®in@o’?p6r5@d ﬁﬁ’cﬂée“léﬂtin@at €
structures 72, 74, 76 and 82 .di scussed a Fi

, /8, 80 ) ove ( . 11). The
control gaf®VitRs &ertigns éfl%a(ﬂetﬁiﬁr?pec%tﬁﬁ 634N Qh%r%‘@i’%}%‘%tg“?' b6
sel ecti ng dendved p8dro bemingenntpl batassud(es aplardEBs satitht tHeecoooligatek of

devi e 320 Barlibing h{Ep Lot/ GGA i b3 sAGGH BRAGLED 0% AhefpoafpEh) Mne
mat eri al 3digleckicdr med over the control gate material 316. The

insul ative [gBtari ahe S%trmwn%pﬂgr 155@dr RoMaRR o£RGPASH IHaPRS c88ird BRes of
i nsul ati ve struc 90

tures, 84, 86, ., , 92, 94, 96 and 98 discussed
above (Fi gt.heff e."*"{g(f%ﬁf‘ﬁ(é-?e ?Pi “%&'C?%Cqﬂi‘lﬁ‘.s'”%?mf"igat'ﬁé‘i“ﬁt%ﬁ%3’@r %?‘?’é*ﬁé RES
34 and 36 e4tyaf thierRlp. 38 eondimstivhate siacedrhd@adaberd 8@niasreiutiongtiarei 300, 302
tunnel die i Lal . . =St ial 64 .
char ge- bl o%’ﬁ%\%ﬁ %gpg& ﬁg]bggég&gfquﬁ%éﬁaz I@I{./a,rng%?{’ (E‘Er%\egﬁ daﬁg? y% ocrclﬁﬂ) g]at'%%?fe
mat eri al 3tuenglsipleckisunatena) witirehaseg-siprage matesial andrebarggibtoeking matatghds 34

and 36 to fdrhé elnbSdithEREGRESHing NRice BE the IFigd % BorldBb@bh gbr ihQEAR, FRENiSs
gate structures 330 0075] The .cont rol

) .. 332, 334, 340 34é}zgnd 546. q%{
gate structUPRISINgsEhtralgate sgURlngs §3Gand 3320 mey b8 rRsideradde PR 8 7 Flynn
devi ces; athdt it herticolptorleen atpeir ot salzting dsvicds fioainstadédthakelectingatepiossat ed
i nto sel ecting. i i e-storage material 64 and
char ge- bl o%: rﬁ%g%%%:@ﬁ?ﬁt@%&ﬁ%@r??ﬁgn%@;%ﬁgri or to formng control gate
st ruct ur es [8¥Z] andhabshgremanaselis pad NARD @it gl o yardsdus emeodislegistiaydgee

devi ces ar @jigffk&eridus@Bchbac %@iéﬁﬁﬁﬁ&clﬁs{ 1R ERantphd) @ars 3etka @i pRdHesON! Y
by tunnel dielectric 62. [0076] The construction of Fig. 15 differs

fromthat GEYS ®% in that the control gates of
[0078] Fig. 16 illustrates an embodiment of a computer system 400. 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 may carry a
microprocessor 406 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 cells in the array.

Further, the memory cell array may be coupied to a read circuit for reading data from the
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the selecting devices (i.e., the devices conprising control gate
structures 318, 320, 334 and 344) of the Fig. 15 construction are
spaced from adj acent sem conductor pillars (300, 302 and 304) only by
tunnel dielectric material (314 and 62), rather than by a conbi nation

of tunnel Q'LI n@%eﬁl CT cﬁﬁ%s@llng%& PeafRAt ﬁéﬁ%@ﬁ@@ﬁzé?ﬁa%dn%ydgg{}qformanop

charge-blo one enbo
the Fig. 1Beksas mem@m dﬁmceﬁ% apthRIPeRseer 4Q6h @u@xﬁﬂwétgatedmﬁfﬂe kipeigdiagram of
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such as, for exa cars conputers, etc.
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system rrayBQQdO@U%PS@ ergpry dgvics 8 tB@é@%P@"a%fnvww GRlist894, 3dRSE yecoder
devi ce uni §os, advdadesd afn@und?%ﬂ&; e8|unin a%EéSSQHSUIWtheﬁBm&)conﬁ?ﬁmﬂélﬂﬂrﬂ 81,2
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as NAND. providing a bitline with pulses, The system 800 also includes a processor 822, or memotry

controller for memory accessing.
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[0082]Fig. 19 is a sinplified block diagramof an electronic system
800. The system 800 includes a nmenory device 802 that has an array of
menory cells 804, address decoder 806, row access circuitry 808,
colum access circuitry 810 read/ wite control circuitry 812 for

controlling ratd,ons / out

O e B o R O R S
such as cumidngtor setedizatorflmes. dBteer!ﬁﬂWrdgvmméQ?ﬂenseﬂtnemgat@whlchlss in a
| ow-thres h%'c?es%@cﬂ?l&'?b'hﬂ@s SAt9Rt SHe dfffheao Bl e 830 %ﬁ.hQJnQ %@(&E&Q@E’ﬁm&;‘r ng
state. The illustrated power circuit I nc wer supply
circuitry mdecﬂﬁ%@?mw YAt 35P 9P gHHlagh rr@fr@rvern%bwnii@g@d as
circuitry 38dgor providing a first wordline with pulses, circuitry

886 for proyvidi.ng second wordline with pul ses, and cLre 888

For prov ar 08" S FRER ctatPoti H8G ke = LTSRN I
processor &8ids, coevenenarsingtosemicintiestorfobip, memuer yo @domsise ognmiicatioh GM83]
The nmenory nals fromthe processor 822
over Wri nggmébﬁﬂ{ 319%6%&9%&{ |n?1ée}£gr§%w r(r%m)ry device 802 is used to
store data WMABHNh Te alesEanietystems Mavde ysad § mapory awstlesfievigs drivess, power
processor @Radules, o@ﬁmﬁwwaﬁ@%@cﬁnﬁ%oe@éoa m&dudeardd &9 aa&ar%;géelf.cmuﬁg

| east sone o e conflgured as [ 0084] The
vari ous eI@EqFﬁﬁﬁﬁmgﬁgwgﬁyeHﬁvmgﬁp%ﬁﬂWPﬁated in singl e-package
processi ng [0088]s, Toe eb\zmmsysmrrfslmraylhm @l 8 brdd ednge otdyistemsi suchrader to
reduce thec?%%v@%h | bhdFBs ﬁa%'ré’é!ﬁﬁl% ﬁtePJ 981 ﬁuﬁ&fesgﬂ&s tAPcdRREPT Y
devi ce(s) ctronic syste e used 1 n nmenory
nodul es, d& GFW@%@#’ power nodul es, connunlcation nodens,
processor nodul es, and application- speC|fic nodul es, and may i ncl ude
mul til ayer, nultichip nodul es. [0086] The el ectronic systens may be
any of a broad range of systens, such as clocks, televisions, cell
phones, personal conputers, autonobiles, industrial control systens,
aircraft, etc. 17
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What is claimed is: 1. A NAND unit cell, conprising: a first
vertical colum conprising alternating control gate structures and
insulative material structures; second and third vertical colums on
opposi ng sides of the first vertical colum from one another, the
second and third vertical colums conprising sem conductor materi al
containing alternating n-type doped regions and p-type doped regions;
the n-type doped regions of the second vertical colum being
horizontal%%mqghggg i th the n-type doped regions of the third
vertical colum, and the p-type doped regions of the second vertical
col um being horizontally aligned with the p-type doped regi ons of
the third yertical | um;, the .control gate structures being
horizontalvy af}gﬁe WF?ﬁnﬁPFngn'he n-type doped regions or the
p-type dopefirstregicehs]lumecdnpiaing ghaxdtiep domg! kay srustuods andiimadhtive
dielectric th&rgg-sthage material, and charge-bl ocking materi al

bet ween t H8AFY &FUEBP%m and each of the second and third col ums:
and wher ei sacanld ah¢ ehird vemieal@blutrne ot offfokial sigest of tigt firstoenicd:plunmdeinhere
with n-type and p-t doped regions of the second and third vertical
ol urms. ” Pofe o st et Rt s EoL R ooRe STREHERANB A L cel |
2. The lNiA\NDBtaﬂliiﬁg Atenbtigf n—Cybfai;idYﬁefa roWfE @Jildap-t)lp@ déﬁeﬂf&égi?}tﬁf the ﬁ&}pe@l@bdﬂlﬂ’nl : S
vertically between a pair of selectin evi ces of the NAND unit cell.
3. The. NANPEIGR 4 Reeprondereaticplmnbrag Bprzopially pligned WA 46 L aPe S59Ed
conpri ses @gib JfHY (Bl dradal Gdiifin,Shd the Uy doped RPioEOSH thdlec@tvertical
structure, and at |east qne_internediate control gate structure

bet ween t HEH Reds hoarntaly afjaned vathticr-tive daprd regiensob fre it vedicayat e

st ruct ur e;coludh; HRRoRRA ghe bir@MréR ideHori Ltk By 2l fied bith@ShertROLtyper Wi th
n-type and p-type dope§ regi ons of the second and third vertical

col ums, bioPeryreRineLITPbY RibY®E dPRFE6eB®Sect i ng devi ces of the NAND unit

cel I; and [heai-li&Rdls 1%@?3 U RENBAL RS R Qb OBk Eridt b RS,
together with n-type and p-type doped regions of the second and third

vertical codedingnatisial brywpanche vt eelusen 4ndeechenl theesgeand gpdthird eplngndend ce
of the NANR B} stllfa% (%ne(?ifﬁﬁrlﬁh i wﬁ% stHRRE {sgaﬁ&rvxﬁltlalykempsw §9Rd 5

t )
The NAND unit ce ailm1l whierelin the Control gate structures are
hor i zont altegiors of greesdconil aid third verticat peluiop éineasppratad into Bstrigg device of
sem conduGl o ARPNSLI Mt T on, conprising: a sem conductor base;

2. The NAND unit cell of claim [ wherein the first vertical column is vertically

between a pair of selecting devices of the NAND unit cell.

3. The NAND unit cell of claim 1 wherein the first vertical column comprises a
bottom control gate structure, a top control gate structure, and at least one intermediate
control gate structure between the bottom control gate structure and the top control gate
structure; the top and bottom control gate structures, together with n-type and p-type
doped regions of the second and third vertical columns, being incorporated into selecting
devices of the NAND unit cell; and the at least one intermediate control gate structure,
together with n-type and p-type doped regions of the second and third vertical columns,

being incorporated into at least one string device of the NAND unit cell.
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a plurality of pillars extending upwardly fromthe base, the pillars
conprising alternating n-type doped sem conductor material and p-type
doped sem conductor material; a pair of the pillars being adjacent
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 along and directly against the
p-type and n-type doped sem conductor material of the first pillar,
and 1 ncl udj ng_ a5 Qe 1EahR oAl LR il LG o AR ARl Bfikist VPO
and retype ‘doped sém conductor materral o e second p|Igl ar;

char ge- st ocroagiet affddped inadnoalyvalling dilgcohunnel di el ectric; the
charge-storage material including a first region along and directly
against the first region of the tunnel dielectric, and including a
second regj.on dheNANIMdnidtelled tlaim AghEmmtthd dvatrslementuctegs e of t he
tunnel dielectric; .charge-blocki terial along the charge-storage
mat eri al ; Oﬁ‘éo'Eﬂgfraé‘&J%‘%ﬁk@ﬁ@‘t%%ﬁ?&%li’ﬁu uding a first region al ong
and directly against the first region of the charge-storage nmaterial,
and including a secong regi on along and directly against the second
regi on of $he ChiPHRONEYR OB THE B, {OIRISQE| yral ity of control gate
struct ur esy dehddondiceorBeet zont al |y spaced from one another; the control

gate structures being laterally between the adjacent pi]llars, and
| ateral |y pRlvrit et piarseierdingpry 28y Srg ﬂf“‘e@%rﬁ‘? RiYlarg ?%“Hfﬁ‘é‘lgdlé@rﬁ‘?“é‘éki ng

material ; pRgde idpREkahibyRuSPAGRES] Whd fiyde 2DRAQEMREIMB@AmhREaL; a pair of
hori zontal | y-spaced control gate structures. 7. The sem conduct or

const r uct i BaPiBars beipg pdiwepirae angiharbe adprentaillagalbednst fingiatilar @ad pegond
conpri sed ﬂ?ﬂar?' ectrically conductive lines that extend al ong a

hori zontal direction; further conprising electrically insulative

di vi der s Beengedipleggerbetypen theadijcentailiary thettymeldielpeni¢ ingluding pifirst gagion
with said ' ji t [RYA W [ ;

Fhat oxt eri B paarany SebiE o b e Al B O R o E LR
wher ei n t rréllas] aad tincluslingl asecand degien aleng and disectly @zdiest heerlypeiind cetmne

el ectri caldo\}lg\i}d Aol Y & nfk a8 iBe secdhid plilkE: S€M conduct or construction
of claim®é6 erein the horizontall y-spaced control gate structures

i ncl ude a dhatee-sorage mateohl ajenzahsiinnet digleetricahe dprasetrragsl mageriabincluding

structure, S j i : LCct ure

pet ween ¢ HERRara g SR e e BhiTRE RteROnb G R BeR LRI O

st ruct ur e;indlinding DEcanidegot tlomg vdniiredly againg tist secoiuegon dfehargnnel

i ncor por atd%i (:itr?(;['o sel ecting devices of a NAND unit cell, and the at

| east one Thteriedi ate control gate structure being incorporated into
at | east ahergsblockige thewtiglenlanf thidrhaddbioraga ntategiel; the ch&ge-Bloeking material
sem conduct gr .construction of claim6 wherein the horizontally-spaced
cont ror gttt Eeleh BPafind Bl GafRGh i Fotn phe Pl atee
control gahferid,au€ indluihg adedndl tHeidialong @Pdiresii geathsSME eitdndeEion bf

hori zont al L% sgggced contr.oL gate structures on an opposing side of
one of théSHREESIAssMALAL from said first set of

hori zont ald pursg eeebnereNtkedtrugi@tee thiat 4rt GbrioRGIly §faCedtrdr@ bitednbothgr; Pret Y pe
doped regi ons and n-type doped regions of said gone of the adjacent
pillars fSPRFYgateRERHEps ‘?eé‘@lﬁﬁ@]l&gﬁwgﬁﬁ%@%ﬁ%ﬁﬂ‘?l%%@‘i‘d()]ﬁ@aﬂléirbet&’e?rl r st

set of fl agdrileMREYcos@ldefons ONRE bk RRb1sAMehdigial; 984 Of
hori zontal | y-spaced control gate structures, and for a second set of

flash nmendhdplagise spacespivithin $pases hemeccs dicdivazadallyspaqed contioh saif fipcdiiced
control gat e structures.

7. The semiconductor construction of claim 6 wherein the control gate structures are

comprised by electrically conductive lines that extend along a horizontal direction;
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further comprising electrically insulative dividers 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.

8. The semiconductor construction of claim 6 wherein the horizontally-spaced
control gate structures include a bottom control gate structure, a top control gate
structure, and at least one intermediate control 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.

9. The semiconductor construction of claim 6 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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