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forming NAND unit cells. BACKGROUND [ 0002] Menory devi ces provi de data
storage for electronic systens. One type of nenory is a non-volatile
menory known as flash nenory. A flash nenory is a type of EEPROM
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el ectroni c devices because it enables the manufacturer to support new

comuni cation protocols as they becone standardi zed, and to provide
the abilitVECENIGAMRIELY upgrade the devices for enhanced features.
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bl ock may be electrically programred by charging a charge-storage
material. The charge nay be renpoved fromthe charge-storage nateri al
by a bl ockPRYEEEC ation. Data is stored in a cell as charge in the
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'ntegrati C)rg'emory 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. 1 is a simplified block diagram of a memory system in accordance with an
embodiment.
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[0007]Fig. 2 is a schematic of a NAND nenory array in accordance with
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process for forming a memory 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.

[0011]  Fig. 13 is a diagrammatic, cross-sectional view along the line 13-13 of Fig. 12.

[0012] Figs. 14 and 15 are diagrammatic, 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 embaodiment,

[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.9., a NAND memory device), that includes an array of memory cells 504, an address
decoder 5086, 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 controlier, 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 to 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
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substrate of Figs. 3-11 at a stage after Fig. 11 of the exanple
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represent non-volatile memory cells for storage of data, The charge-trapping transistors
208 of each NAND string 206 are connected in series source to drain between a source
selecfing 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 216. The drain of each source selecting device 210 is connected to the source of the
first charge-trapping transisior 208 of the corresponding NAND string 206. For example,
the drain of source selecting device 210, is connected to the source of charge-irapping
transistor 208, of the corresponding NAND string 206,. 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 to
the drain of charge-trapping transistor 208y of the corresponding NAND string 206;.
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504. Address buffer circuit 516 | atches the address signals. The
nmenory cel accessed in response to the control d
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gate structures 78 and 82 of Fig. 11 are comprised by selecting devices), and does not

extend along the selecting devices in the embodiment of Figs. 14 and 15 (for instance, the
control gate structures 318 and 334 of Fig. 15 are comprised by selecting devices).

[0026] Referring to Fig. 3, a semiconductor construction 10 is shown to comprise a
semiconductor base 12. Base 12 may comprise any suitable semiconductor composition or
combination of semiconductor compositions, and may, for example, comprise, consist
essentially of, or consist of monocrystalline silicon. Base 12 may be referredto as a
semiconductor substrate in some embodiments. To aid in interpretation of the claims that
follow, the terms “"semiconductive substrate," "semiconductor construction” and

"semiconductor subsiraie” mean any construction comprising semiconductive material,
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[ 0023] Charge-trapping transistors (i.e., NAND string devices) 208
i ncl ude a source 230 and a drain 232, a charge-trapping material 234
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[0028] Referring to Fig. 4, a cavity 14 is fornmed to extend into base
12 within nenory array region 5. The cavity may be fornmed by

provi di ng d mask (not shown) over base 12

pattern ff@ﬂ&ﬁh@s%ggk i nto base 12, and physically renﬁ@ﬂﬁésﬁﬁggﬁgﬁk
to | eave tREkHORNMIG 3 uction of Fig. 4. Cavity 14 has a | ower nost
surface 15 which may correspond to nonocrystalline silicon of base 12
I n sonme enbodi nents. [ 0029] Referring to Fig. 5, layers 20, 21, 22,
23, 24, 25 t |
2324\ 2o RO ARl AP L9081 LTl S GO AL R
gr own fronFWﬁﬁU@pystalllne silicon exposed al ong the Iomer surface 15
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transferring a pattern fromt 9/ 091448P
Docket No. SUiro9oHawe] 2ﬁ=a§k°ft‘i9”a1ﬁ‘d3é9fl‘ Sﬂﬁhae Ogyeq*ewzwatfa‘omammaienal 3210

subsequent dyernenByh 89 ahf meﬁms&:ﬁgbhbmmem&&neneﬁlmmmemcd :ie%ve excess
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material 32 and layer 26.

[0035] Referring to Fig. 9, a pair of trenches 34 and 36 are formed to extend through
alternating n-type doped and p-type doped layers 20-26, and through isolation material 32.
Trenches 34 and 36 may be referred to as second frenches, and the trench 30 (Fig. 7) may
be referred to as a first trench to distinguish the trenches 34 and 36 formed at the
processing stage of Fig. © from the trench 30 formed at the processing stage of Fig. 7.

[0036] The trenches 34 and 36 extend along horizontal directions that are orthogonal to
the horizontal direction of trench 30. In other words, trenches 34 and 36 extend parallel o
an axis 35 that is orthogonal to the axis 31 aloeng which french 30 is parallel.

[0037] Trenches 34 and 36 may be representative of a large plurality of trenches that
are formed to extend parallel 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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si mul t aneously formed through | ayers 20-26. Such trenches nmay be
di spl aced from one another in directions extending orthogonal to axis
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overfill tmpenchtr&@h Sarbeltmtelaa airudiures 20 agl 4emdcalacemebaioal emilictyred aelizrmnd

(TP (he § ATRYEBEERGR: ATUET hithn SZanlrb O bR cife B &iRalt SEREO0

formthe planari ross na
26. [0035] R@F‘élﬁrﬁﬁ%afﬂ%‘“ﬁi g 9, a pair of trenches 34 and 36 are

formed to epbeayd tﬁyf@mﬁoaﬂlg eror}a&tém@z%xaﬁdégaredomvnmmxgﬁc%%dand
| ayers 20- 26 g%nd throuﬁg solation material 32. Trenches 34 and

may be ref 8Pr Mgtaigls 92, & TPRYRIPEREROND A3, lynpel Sliglqalic Fhass-StorRge m?Ber’ﬁ'ay
be ref err ednd change-biothingshateridrespectivetih st i ngui sh the trenches 34 and

2t the prodouddle REGRARS! Ml AE) ingihlog o b chilfoshlef Of ordydiBh BP
ext end al ofgMERSIoAS RNE IMay; fPé%&&mﬂH—’s cempisene Obrfwﬁ)f@i@mmn diexidehbigh-k

hori zont al d@leb%hbrﬁﬂoéﬂfon& 'Né? @@dmlle&n@&&]ﬁﬁos%ﬁgﬁemd ﬁlgﬂ&h@&n%sﬁaﬁjs 36
extend par is orth ggona he axi s 31 al ong

whi cht P anBvi% FEle e BRI SreBb3 T ek Eh UGS i U5 inle) StanTe, haimumh
r epr esent abxitte zofontun exige afiminah o>t|c§e, efc.)1 arenoheasiididviric o’@fn@oélm:rnmédw édBne

extend par %t)gélmg sqﬁé ﬁ“@% dbejé&g)r VC%R§QEO§ 3&9(9 %pos@dn ms[%llnce sﬂtP%r%

toget her pattern ura ver uctu
40, 42, 44diogde, &@Namgh sglelesuéwa&@nawrd@w -k sliefagbricumateriaian merreefb@dnneams,

to as vert jealndRl dibdtdc %y@&hm%unﬁ%n%@m&n Yk @Em?l%rs%f(é‘ér%%n@hﬁ)
ei ther space é om one anoth Xs electrically insulative dividers

cor r espondFiAG ¥-6- ASEEK P "'03@”'“5#3 iGobieridaigicopiiideay andpther ayitirayer
referred tsacs @apading Foh-kinnsérasced/oa dji@pelidxideeintiot pwv-Isthategdisir es 40

o aopan < BRI ThE A NGB TR o AR bR b o okhidaiihg
composmons Example charge trappmg 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 Which 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
7
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structures 42 and 48 are spaced from one another by an insulative

di vi der 54“@%5({9% ol ding to material 32; and adj acent $%ﬁ'§{§?@%’P%4383

structurea spaced from one anot her by an

di vi der 56 ]%‘?ﬁk?t 30) a?ﬂgﬂto material 32. Al so, adjacent vertical
structures 40 and 42 are spaced from one another by an opening 58
(which is the part of trench 36 between structures 40 and 42); and

adj acent Vpcrgohlﬁéé 5§5rfd{§btt5 rhgﬁov%&h%%eﬁﬂgs %egﬁeﬁ RELE QWG@H% pg foﬂ'ggd

an openi ng which is the X Pet ween st ruct ut ee
o R ™ e gemab e AT G RibiE Progessive oy HIcs 1 2Yarads. 21d SGBoLA @ alomic
formed wit hdyer tsparibeALDY, choflicabiapdBdpbbifdriS(CID), Hd pﬁ%aﬁ@p@'ﬁ(‘{eposmon

correspond EQ gunnel di el ectric, charge- storage mat eri al ,
char ge- bl oé Ry materi al, respectively. [0040] The tunnel d| eI ectric
may conpri sEp0ddly Jniteahben eohpdisentt] wnne diekot imeadriabse fofms:mlaipexsmumirons

and may, for,, W%%&or@%ﬁ% %eahqgﬁaﬁﬁydég)%nﬁmg bntRingt ﬁf)nl’hg'cﬂérjﬁg%gribngh

di el ectric conpositions ric conpositio
di el ect ri c aPHsHEF aBUIAS C'Pﬁaw?' blgckinanetedd) 66 famdayess wfhm g—lféalpwardmmng

that of si lcbﬁtamemmgﬁmaﬁmhna&anﬁ.ﬁgr 2BY AERS R ihelt3hingM oxi de, zirconium
oxi de, alu 0 5% g k dielectric conpositions. In
sone. enbod; (P0A%s, PRTYPGHl aelaip Bt pr GPeRre SRRYS] 8 eomprise UPPRIGIast
conposi ti osulfdoes thahsrteanq:@nasmhh ihe npphrexsidarfadss ANserit@iauttodhetegd B iagd
mat eri al Ofsolla(ﬂg\ﬁ Hla{ti,'rlgll 3‘32(: téh'cff m%%g r[:l}f‘d%ln'}é)ﬁsﬁe'a byt]rl’h%’lly ?c{m%a 'tﬂm%(e?s oftntnla‘ﬁeria!s

tunnel dielectric n;F se’ mu
st acks aresarﬁ"@(@@ﬂaéﬁefe ONET UPRET SHrEASRS fosemqund'dmornt&t?riaﬂ%f} @ﬂd ls@@twn

di oxi de/ si kit 5, bhd tak utiphd p‘IHnE@iat[HH tfbﬂmé.t@%%f cmb%l?én&%rm&bﬁél@@z 64

hi gh-k materi and/aor silico nd/or To mat eri al s.
[0041) The =B 5 GefSventbe Barst aied e ceamie S Sboof igalon materal

char ge- trapaj ng conposi tions. Exarrpl e charge-trapping conp05| tions

are netall |
i nsul ati ve r| ﬁmr@g%ﬁay?{)mgn r??r%'?t@%g)?i I fag‘gﬁé r”(},;e ‘g'fh(!)r age
mat eri al cHﬁ@ﬂhl?éeénChfaWHI'cﬁﬁée stiupigrasaiobery! §faare firrmediiid ddndhrBs. Also,

'EQ Z lrjrlpﬁtel Vﬁe@@fm@eﬂly ﬂsu%%ruﬁﬂks‘?ﬁ/hlﬁi@hapglsb b8 @éférfré‘dﬂ't@ ) @péd’e%? Bl r‘& 88 and
i

I be d
nanodots a [gaF?E{P@"rqdaYY'é' néf?r?ﬁ? ?"%laﬁﬂ e@ﬁ%‘cﬁw 'Wlaéveo$trt§iur%8@8n9ﬁ%é>@ﬁe§8 agthy
of vari ousfdningdwithidirehabc3er IThe iBliafetGicifearB4| maa@ﬁego altaumﬂt@wnm el de,
haf ni um ox | ous
di el ectri Cb%ﬁ; tOI %%&l#%@o%]agﬁnd §e§]§rrrtg|g 1r C(ill Xntp Srrg’[ S Itl’éﬁ m%ﬁlvg S%Crni'rg%
one or nor@2 @4e9ﬁ andRf ahgmiateswithdhe V@T@bmj@@iﬂlqw%m &n dnlﬂrﬁ%wltfﬁlmtrench 36.

exanpl e, COLRRF kS&ichi dntiePBihel dwébﬂﬁapdy%gﬁonvt@énnﬁﬂ%s ey 'i}ﬂl&e&'{oefbﬁmh@ c
COprOSI ti ons for i nstance, al um num oxi d ni um oxi d , ZIl rconi um

oxi de, et caemnalipginsyiaiive stupturss and cerol gate stipties: ﬁﬁ‘}/‘)b@efé‘@rﬁ%qyd’@r ed to
| i ne vert i ssctisdly degiositasbyidhe of BothdlALB Gnd ¢8Dand 50; and in the shown

enbodi ment [H@d\ﬁ] b eTﬁ@@cﬁﬁrg%aqgst];u%tupeasrr%ilfcj:oln%rigé larlly s?uitable electrically conductive
composition or combination of electrically conductive compositions, and may, for example,
comprise one or more of various metals (for instance, tantalum, tungsten, etc.), metal-
containing compositions (for instance, metal nitride, metal 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 compaositions, and may, for example, comprise, consist
essentially of, or consist of silicon dioxide.
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WO 2009/ 091448PCT/ US2008/ 084683 Docket No. ML22- 3951 openi ngs 58 and
60 to narrow such openings. The materials 62, 64 and 66 may be fornmed
sequentlal | g any suitabl e processing, includi for

exanpl e, évtgﬁ%g%aff atom c | ayer deposition (ALD), F gﬁ?%@?&vﬁbor
dep05|t|o S|cal vapor deposition (PVD). [0044]In the
shown enbodi nent, tunnel dielectric material 62 forns a |layer within
trench 36 that corresponds to an upwardl y-openi ng contai ner 70. The

charge-sto r[lﬂ&ﬁg nmatgRL b%tro@ﬁat@ Bt s, ?A@%ﬁggwﬁjle@ﬁﬁ '&%Iéﬁﬂfc%dtﬂal g‘? f‘%g%nhe

layers with uch upward E)enln [ arti
cont ai ner BAREBSAMATRH @‘hé’h%@ﬁp cieg mate[ig Ggpandpged E@@éﬂ@ obvemmt@wpwr@

62, 64 and4@612a443 48 BMhct 50 fsmblumtywewd&%F NﬁNDﬂﬁqﬁ%éust %F mﬁéﬁce?lénhe
semn con

co- pI anar kbé] ? rfaces of

Coat aorn Pt A B e d THES SR lPle S Popa PRl it i
form ng t heehchyer Shetontel gate alrectifi@s 7640 and 85 fal be eistiegithey aomuwpper
surfaces o i i 0 32 nd
Chan uti 1 ¢ AT AOREIhOF oBR Bhdi oot AA1eER B0 R0 PR s By T
62, 64 and%@ﬂ’@@ﬁ%%ﬁ&ﬁﬂé8@Iﬁmubesefﬁlfr%ctfesimfbogmcemmlgetegtrum‘seri al
26 and | Soﬂn?é‘i'mgcﬁlat%&@ﬁdl ﬁéte%@uct&@%@]dﬁ%foﬁtrrél gQﬁ sttrﬂctﬁllegresﬂ-éonv&Pn'Heodottom

gate structures 72, are fornmed
control gaf¥tret qatft?t[}}"%e 7%"‘5‘869 é{‘t‘fﬁrp@?tegr'@o fa‘o°'te ’?E‘H‘Q/ﬁeﬂfﬁf’ HOQ Pfe'?}ﬁﬂ‘ﬁN@G“'t
Al so, el ectali1ag) thgtdpnsnuiratgateestrsttnmwa&:d%umdmmaw&émdaeelé@fngﬁéﬂ@b

to as ?pacfdzséf tl§e4NAI§I§’un§§?lﬁQ t%g rﬁérg]ﬁ&[g%?fggfé%n gs{%&?rg%tﬂ% %:}?Eand

el ectri cal i nsul’ative
within treln@crfpgetedvﬁ@alsmg|daw¢e/é04sctfﬁhﬁdﬂhdrégniedell 8i5) tha&l%&ﬁw@t@en 110 thus

al ternat e it ﬁgh@ﬁ@awmn SR8 36 bétweém&&ﬂ@ouurﬁﬁs AhedB W thin

trench 34; and.sim]/ arl ?{ he insul ative structures 92, 94, 96 and 98
al ternat e WP349] t HBSTEBIPrY FeigRipS dR G M0P FUSE coBPrises channiekreaiang $i within p-

trench 36.tybadeiedadyenti,aburediai regibhess sjtormltrmﬂatypd epsesd 15yeP20 and 22,
techni ques J&E}X?ugﬁé %f t&neﬁgl &gle&% é@ L ngrg%g{ eﬁrgg%ﬁ%gr%béf t I Vjaé?g}lrnld%a'fena?

and cont r071 ructur es:
deposi t ed Qﬁ/b%\m%elmonbi@tgﬁtecﬁtmmu Mdmham@ﬁ’s]ldﬂ%ﬁacchmthe@hmgat e

St I UCt Ur eSeRBirkEHIRbhFS ga@vstraawea#@ .@bém@&{ £ b&ipby aﬁawﬂ;g,%g ¥8, with the
conmposi tion or combination of electrically conductive 0Si tions,

and may, fORNESEEHANE Pergdpigiealhposng sidesof dhe coRirpiuiale SHUERISSTE f or

i(PSt ance, (@0S0R! URgfelring gsiteny deice. 1))4 gmeﬁ admysaBé ahamhage@@rmmmm@pe
or |1 nst

conduct i ve yg%%)gg {?a\;g glr?ndr%éo{rrf %O rg% r?a"trsg'o'ﬁ é7d\?"g} S&‘??g%%ﬁ%"éce 100, comprises

conduct i vedojrogisisrinl regidns 36h Wﬂi@tl 0 Type dphed l@V@rc%r agh¢dmyprisessigbiats efdunnel

structur e%réf@dfn&%ﬁéré@»s@%e%ﬂt&%%ﬁarﬁl &%Fde'—kﬁ@c!klnﬁﬁ t[éll 86 batfee control
conposi tion or,_conbi of conmposi tions, or exanpl e

conpri se, %@f@f”%%%%’?ﬂ"lhﬁPT'V”S?TBQ'B'FS%n& st of si I i con di oxi de. 8
WO 2009/ 09 1eb68PCTREf 1580 @BédlddaBdevice 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 cotresponds 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

9
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Docket No. ML22-3951 [0048] The control gate structures, together with
tunnel dielectric material 62, charge- storage nmaterial 64,

char ge- bl rial 66, and doped regions of vertigal t Ures
40, 42, 42‘%53E0%"0g§4§nd 50 forma plurality of devices 5&@2@%&“&
cel I's. For DPR NacMI23-39% he shown embodi ment there are three control

gate structures (78, 80 and 82) fornmed within trench 36. The control
gate structures 78, 80 and 82 may be di stingui shed from one anot her

based on tp&h&e meqxﬁgwq%g@ko%gg&%@gnsm&%@%mg A0 ThaBABE GRT i

the contro ate stru res
bot t om conﬁ%ﬂﬁe es @resnqt shawrtie Fig. A etnrﬁ@meﬁmdlmwteoelﬂlgaﬂe bilines t eanamon

and top ' cehlElned M c%ﬁééﬂéh@f@elecﬁr%%@?&inﬁbf&nl«é/hne-ghﬁ’nrm?btﬂe@dﬂ RAEH2HRhd in
rate to a selecting device 100 of

gate structure 78 ma Co

T AND i B8Rl o eotana RS o colodt B 184eF o AT SMEan ey Hisimes

i ncor por at et ¢ontrooresmikdedines ehecbrrésgoadfmlemetnw@ cohduckies Neblurnmgtabowd |
and the in t. uctur 80 nma r.

Mo nCst 1 e RS o ANk ot B RN b e B el Tl 2R e,
cell 110 tmlmmscem imgs vy bi detmey asinttyperdopedetehngs rirsingdencalteihei cal
col ums  40p&Rh Iﬁf"er 2b0&a a?afnﬁélﬁ H&Q bB@or%@!:l Q\Cthé BQ)CQ%WQ%Q%Q)@ FigS¥ Blbr to

conpri ses chanpel regions hin p- type doped
source/dra‘hﬁePEﬁ'%ﬁ@“@BOfd%rgq W|th| n n-type doped Iayers 20 and 22,
and regi ongoey3]t unmEdugHiont emhg tevidedj.e. pd‘lﬁf@ﬁra‘bbmg agdcdaDa g shbwh th taéld

h bl t t t t
channel r gt GBNS R boll gy BRHaRL b0 S e Pb b VANR b
78 i s bet wealin obsques emiesfdiredris nfedr instgicaisere B1ay we 1A string detieasné? striegi ons
being on | @ﬁe@ldﬂstﬂﬁ%%k@% o ;48H 1R ndnter Bpé?ﬁr{godevﬂ@é f aSNAN'ﬁhHﬁ el GRen

[ 0050] Referring to string, device 104, such conprises channel regions
99 within r?% o Repevar (0. 23, shares the source/drain regi ons 97

with se |OI ecqmmag] denithe s, emtmmﬁens Qﬁe amum@elecbn?abmrersqgir mefsmaeo toividl ﬁk'gg
n-type dop, a r.egi ons of t tric
Cha be- st onagects, 8 ap P Bo0RS LA &y i e ForonbitLBled Wi BEbhuEre
control gategions ﬁwomm@eaﬂmanlcgatdmrchmﬂ&alb horrghtalisal@9ed pOOGLjpRebRed | ng
to selectif |oﬁ§¥1)Cé‘nd]é?;%ordﬁm!d%h&ﬂﬁwahéﬂﬁ ﬁ%@'celi%@@@a%@ﬁeﬁbrﬁib ?3-” g-

type doped er shar es sour ce In feglons
devi ce 104YP& Aisewicoadyisics gninrial ang %‘dﬁr‘iﬁ‘%’a@@@'%St'WWPﬁ 9epesk doped
| ayer 26, soatlconaoRsh B&srdl %ﬂal@@ﬁuﬁlﬁ W@m&éwdébehﬁﬁﬁérlemb@alments the control

o e o AT ) o o R e LR R b s B Bl S B,
the sel ectqrngneieaglcaegrqnﬁ@ tprided sewicprdioton deterial, andithaisours@tiait regions
device and} hgur /p eépéa%hﬁéoﬁemér rhdlerf; 2 %g&gﬁ%g@%ﬁﬂ«&ﬁyﬂﬁ%ocaﬁlﬁ%

drain of the alin sel ectln%\;/I evice W | to a
bitline (i BYOFSNRlBIFdC EMATHEEHE! i nes 204 of Fig. 2), and the
source of {[d0UB5POUhGite Shachibaginday teeconrdllgalettaoreciedie samaveasamon 9

VO 2009/ Oggglﬁnsegscgé He pgt%% 9 Sp%QSrg’gions that the control gate structures are horizontally
aligned with. For instance, control gate structure 78 is horizontally aligned with p-type
doped region 21; and control gate structure 78 has a vertical thickness 111 that is the same
as the vertical thickness 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

10
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Docket No. ML22-3951 source |line (anal ogous to the conmon source line
216 of Fig 2). The bitlines and common source lines are not shown in
Fig. 11. odi nents, either the bitlines or c

| i nes may 8:E ‘ﬁg i?%ﬁlectrlcally conductive lines ?ﬁﬁﬂﬂﬁgﬁﬁéﬁ%%
| ayer 20 a t | 'y connection with source/drain regions in
| ayer 20; and the other of the bitlines and comobn source |ines may
correspond to electrically conductive lines running above |ayer 26

and in el epldephddp- ﬁﬁéagﬁédééﬂwlé%anﬁbt&%t&% ﬁ.syab@rerf&wdqaas g&ohaéﬁam%@

For i nst ance, comon source i nes may fornmed as n-t E%
channel s r UfHiFal QO'H@H%JF?PBP%‘@%Jﬂ1t38ﬁ?qﬂ§;¢§¢ thirg verdigRd ﬁoléﬁ‘aﬁ ﬁ% pRd fgreigaown
forned at tdise §f GsRsidy BEes bagefief vdriicl couniif 112MrdnPorieenogier.t Bhd 1Bhnel

wh of |a 05 t hoyah d d e \
Char ge-  r appleGHe 8B oAbt BREREH e e oty EoidingsP efve vegioy-
110, there enaydirhmlammwamme@veanmgp fitstwiedies! cormmeld 2iand NaNBcormd anddiatd s

of some en@@ﬂ&&f@@gan? F@hnd Be L ARGEypE B@feﬁ rBns R 1k beBbd Vaticd b fifieao a7

stri ng devi ces glp er o
devi ces i nharizankaly @l@ﬂ@d with fheg yrsdapedirediqnstobthdhis yeaigakcosimn 4gpand the p-

[0054] In thee abﬁa/megieb@sﬂ th& Bdoond DéHiceP BIrAh 40 %%oﬁ%drﬁﬂ kllar@%d (\nfnﬁ"the p-type
0

t trol 78, .80 d 8
Lo “ar e nirat ey T PR A a5 ¢ Ui in G o o s r
i nst ance, slovtriolbeatiznitly aligned e/itd &he stybodopedme@drisy al i gned with
-1y Pe, QOPaHpSAIL 1R sbh oA hiAYEAES ke G ol Aitel! Ay Blicbleash, Temory
cells have C regions 1n p- m con or nmter
and sour ceﬁ%ﬁ*&@wuﬁ@gﬁnéwah ﬁ“qﬂ’ﬁ)y&! eﬂ@iﬁé'ﬁ @E?ﬁt(%ﬁmﬁﬂt'mnoﬁﬁﬁ@ﬂ'ﬂ%@"mn

anal ogous  tfosdyOSTAE R RRa ﬂash meh@ry @n@@ﬁh@mms,un& la9| ﬁ@Hoﬁ@hseG&Inﬁol
structures 1 ONs

20 t hat thgateﬁsfﬁ%s@m#%egv%ﬁfé" aefufy KPS e ot d GhEGr G sl one

mat eri al , sinaturé80)dogatiosMdith immet digjecinsmatedal i6a, qmatgﬁpmrdgmmdtenal 64 and

seni conduc f BN
cells wll Ergaggegﬁgcﬁ{ ﬁ% ate%%gh&%@v%é)\sg rﬁp{ﬂ%o %Xr', ?’Hﬁ'oghéeﬁssma y
enbodi ment $orteseonsgat ANOS RIS asd ﬁafe‘ﬂr@m@sthaﬂ@ns ielgoiriemeterial i6g atay comprise,

t hi ckness asslsh&ssBnitaper, dp&fﬁdlsf SQHBRSdibARL tﬁeflﬂa@@%id@de Hab8al 64 may
structures are, hori zont al i nstance, control Qgate

al i
et R L e A T I S Y
control gainey sémprskusodsiéBedsarstially ofeoitdoasist of Biuminnessdide] And thatoni’l fdre
sanme as th y | O 2ok
00561 The Sishe 8By bothirearmebictsBiualty bt Do IBRE BBRBl  o,
al t er nat i ndg0Q&St h ApRDTWanie congider ﬂ‘@IS“Q?‘W&@f Gigek! i§2hat guch @EDESRS DS of

Fig. 11 ('pl@rahtybhﬁ!laﬁ@h@'mﬁé o4 tat &8s wamwmdagémmsn@a@rbéb%t{mﬁ LR
orne r ef erredto as a first

structures

vertToa Cohsamang s Saed2 s PiokSieniean et e PARE TSR HAS FiRy NG pawe
doped semi dupedyeniobnd@tor V@té?i@%d@ﬂﬁeéd&&@ﬂﬂsbiﬁ&@ﬁtﬁfc%ﬁﬁ%mmmb@iIIaNOtLO
M 22- 3951

and 42 may be considered to be a first pillar and a second pillar, respectively, and may be
considered to be adjacent to one another.

[0060] The tunnel dielectric 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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material and p-type doped sem conductor material may be referred to
as second and third vertical colums, respectively. The second and
third vert s 40 and 42 are shown to be on op of
the first w\ﬁ@?ﬁ?%ﬂ N%mg%g 112 from one anot her. The tum | e{ 9,% 3r| c
62, charge e rla 64 and charge-bl ocking materi al 66 deflne
vertlcally extending layers that are between the first vertical
colum 112 and the second and third vertical colums 40 and 42. The

E type floio;e[@osﬂgl o113 cﬁargbla@r@%%éhav& tslawg HEOUHRB! dréfbcﬁ%%z and may be
ori zont a

Ot 7o e e Caftafic S B B AR Sl e e it o ne
\
vertical calnneindidéctdr, enthtordompriseah bacoad ragived 20ialdngtahe dipedily pgaickd fred

regi ons of _the m 42. The control gate structures
78, 80 and® %Cfngﬁ '6'}1°f\{ﬁg§'lhﬁ%d'e 8Jrnlgzont ally aligned with the p-type

doped r egi d@862]] 00B% cHree-bckingimaistaltthiis elongthe ichare-clotagamsateray and may
conpri se agy  gilidedd 8 c%ﬁxﬁh@d‘ﬁ’rb‘t%@fm ! Qéﬁ% nd cﬁr@g R¥insthE i Pﬁé‘?&?u{- 5 fihe

consi st of doped nonocrystalllne Silicon |nd|V|
menory cel FRAB§-SiorRge RREsal ADE 1MPrigq @ seeangr “FQ%%" Pér?dfrr@ane&tr@cﬂwag@wal
of the ver tHeGaborkolkygion oflth2 chdrgs-storsgb agadial.cont rol gate materi al of

trol t 8 h ith t | . diel
62" char go- BPElagd haratts ur BRFANE cdiab dal R B R sreiteesd GoSausiehy
sone enbodbewaersadjadeat pillars KO A, yand Eltdrallyrietwasontiefgiomd seconfAdiits 123
cel I's, and,a¢esy GRGg¥- b‘d&ﬁn% Hﬁféfﬁlal 68l a8 Ghhtdf g&?rs c{tlﬁbs Ql%cs{lsgﬁ’ y s;ﬁg':ed

COh‘pI’I se, consi st essentl al , Or consi st | Con
char ge- st o ONRAPRIPPTaRNGRe H’éylaﬁ‘fﬁfﬂ‘?@@égr%ﬁg? K a’éjs%‘%'ﬁﬁ Gl ‘I’%F‘S'Sﬁred(*ﬁ be
consi st of waih trﬁecupamdtrgnd@n th@mrﬁh:am@%pabacé@nngl gmt@rubﬁkes% may

i se, t i de;
GBI - I T A L AN R
or consi st byélettaceila comuniverlineleihat Qmﬁ@]ohg(atﬁwzommydireauonwnmh thertrenbie 36,

structure b%l.{-_%h
20, 42, 449"7%”%&53’%%“1}?? FoaReR S el Al o 36, B a¥ohn,

base bei ngaddiiongatie pilar dgj“z gj’e elgetripaly dnaylagye ’FHT@”?WPIW?‘? considered

gonpal si ngto&brgeétecﬁhctdﬂg1rﬁufhm€ti|\ﬁil§w£tﬂla§@fﬁhﬁm4o SHhd RS iréth oﬁé‘ﬁhc@l‘a&ry IOS
oped seni conduyct or,, mat e a onsi der e

CoPbe a°T PR el na g oo PR Rl Gele iy SRee

consi der edpifars Be andfacedformne ao eechinglylirsulativd m®6ﬂ]beﬁwnmmame¢12 and 48 The

di el ectri cy84y %g'ngﬁlami&lﬁé ﬁle bO chR Je%cﬂ?ge Qﬁiwgauﬁlﬁﬁhﬁp&@éﬁ Wion
pillars 40 ané unnef ectric nmay be consi ereg
to conpri s& entire yagtica! @@j‘lpaﬂrvfiﬁleﬂ'@ﬁg ThR §legiredltyiorydugtia linse cemuerising the
sem cond UC&daﬁror@&eeﬁn@iureg arb hih ireAdheP (bl iAstarkdd treABIEl 36)Qh 4 QFEH RSN
second regqi ﬁjctly agai nst the sem conduct or

1
mat eri al g?%‘?@‘@%%bﬁ?ﬁ%?@?‘&’? Jﬁ’ ™11 WD 2009/ 091448PCT/ US2008/ 084683
Docket No. [0MBZP- 395 h¢r@0GalyTipecehennel-gsteostaigiereseitedd ad &imagbal ong

the, tunnel cqleebeals bea AR B ARREHACEAIN RoBATRIL 8ol BT

region 119 along and |rec é agal e first region o unnel
di el ect ri cgat@apiiiciges bapfiese 7amssbe fensidegrin bf@lseaqwtsirﬁ@t efrrenidel galet | y

agai nst t h@rprenpatiegh aMogosing eidk BNkl 4dif@MaES filsCset of control gate structures.
In operation, the second set of control gate structures 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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[0062] The charge-blocking material 66 is along the charge-storage
material, and may be considered to conprise a first region 123 al ong
and dlrect the first region of the charge-st r LAl ,
and to co ‘val g@%ﬂ%f ﬂgirlr egion 125 al ong and di rectly%gcggi%ﬁ“?}oﬁqéesa
second regi-@ %t T ge-storage material. [0063] The control gate
structures 78, 80 and 82 may be considered to be laterally between
adj acent pillars 40 and 42, and laterally between the first and

second regi@hgerL 2%, ﬁn@@h%erﬁf}ocﬁh@r{t Qﬁlrap h@ﬁ&hﬁ'ﬂseg@ﬁeﬁ'{nbﬁbgl% an-ﬁ%urceldralra

control gate Sbructures are horl zontal Iy Spaced [1om one anot her
t he i nsul af§uRes FReeVAMP val eaidifipleag gne 5‘ Iggiengvd wEPEgRsShartal ipoioss ped

Wi t hi n t he sgpeg@ainediveefort RENDG#it 26Nt al ahc}hgsam;@dsuﬁgmtefamb.dgame channel
struct ures, contr.ol agate St rrrct ur

Sonar tor cqsgiaand seusu Bl gl 28 bBng NiHeE Bfife B Lop IR Al Y08
ext end al orgpeal Iiny@rd, aod bedordingletbé cioamnal reginms drvescurceficdin @GionafromiNAND

t t -' I
S T PN SR B o TR B i A
i nsul at i velisrauffisienty wide (whish ey e fsiewrspides 3 Widihg! gt lepst about 4a9QA) If cross-

i nsul ati Vec&]pﬁhgj@rpﬁob‘lé?ﬁénc?«ﬁ@@eﬁ@é ﬁla&ﬂﬁl%pﬁéeré h@?,rab lfdr@aé@dévﬁr@fﬁb@@@ter of the
anot her. For instance, pﬂ?r4zgsu at.ive terl a orns _an

el ectri cal P HOUNSRT<Fe P! 'é)ra'lﬁ‘é?tﬁlecgr‘? BInefeap %C%zféosaﬁa“%ag and forns
an el ectri qavéay i ﬁ@uhamla/\@evdalvmgjme chss-wesion pi Fipad shodihgameméBiory Hiey

el ect 1 cal Iy BPLIl | ¥BoflbMHS! BrIBoSARATPbASr B 1h0 BBl 5ib Lihures

colums th ext e an entire perip

pillars. The 74| &7 %@ﬂdﬁ%%&@ﬁOOBdLICF'Y%@eédT%W@N"iQtOtBﬁé ogigni ttheapage

gat e str UCdHiies tcAhe csé-Bbdliok HEFE. h:e_s Fld. 98 shdWid ARE& St dHhd§onal ahaidr €
bet ween adjpacent eby g{trlcal léE‘Pa t|v d| Vld

hori zont al T'Y- &p2edlpstales PBF ™ @gnpﬁé’ ”%@eil?ﬁ ‘@%‘pﬂﬁwg gntrol

consi der edgdte staetaes 78,80 26182 ¢of otb@rdrcmiiry g&twﬁsanyulag uideshowaa traghent

hori zont al | y- gt -

consi der ed&%ﬁjﬁ E@E’g&g %@%\@8 emg%? bgr)\ét"%% J@o pr7nu'c tr(}rg%%'@ \{1@%99%0 142

an opposi nghdkidddhajicomprisegoniol glﬂ’fe(ﬁﬁﬁutﬂh@sﬁﬁr%q a@bﬁ2 (FEPeayKely- oThEg@tnéUCthB

g t2 r ugz ur eznn;gmx@pﬁé%u QB4 ektBR wsmemwmum&@n& ﬁ@1:=@a§)ecoﬁ{aw?gt ARS8
an i S incor

ot one o st B0 B2, 40 iy Do PRBlogB R 41 hss 21% 2Phatd b et s

74 and 76 %,0edpeatieiycond set of flash devices that have channel

regi ons 13|][ e§i3 ﬁ;ﬂ;ﬂ; %ﬂ%ﬁ f'ﬂergoﬁrpégt@ 1%8 pf%% a'né%%li ﬁre%r%glbezfgl g%oﬁgﬂ)ond%ce

respectl ve ave sourcé/drain regli ons
136 in n- t\ymthadﬂp@@ 148y B2ang( 44.2Phe Iayera i 60, 2‘62 aﬂ@é%f@tm a&pRes of stepy\so,

2009/ 09144%&%2%9&4&%%%@9%% sNEbs Mc_?,r@ss?v%@loewﬁﬁ@}do?b lbﬁ#‘an?h%{ﬂj

enbodi nent, co ses nnel ns ‘and source/ aln
regi ons fr'BrQPNﬂI(@TUﬁ‘i"?r '%\gfplmol'fdjpa?r W@ré‘ﬁ?e %‘?pélmg W@a”gﬂﬁ‘l Bffori ses
channel r egipossi @atbrasdét ab8ned 165, esgbertiselfr Dhe NBINBnneutd 1580l 52 40154

al ong an Oé]gé?ﬁdaﬂgcgn‘ﬂc? i coﬁﬂil.gzﬁ\{%llrbq ?5@'12% bnd %‘1 AN é%JBQsegPp‘u'ér{%%an"%hé‘

regions are along sur oped erstan
doped | ay@@wn@modlmmfwm g/ "shiyis Jayhésrmeqerle?equcemecum sour ce/ dr ain

regions fr SWNDTHH‘NANQQIM cehis Bf Mgk, |11n@méﬁ@[§e{rﬁ6f% \drbe ﬁ'IEITIOBI array having

Cross- couple vmththoeo D unit cell gl
suf fi ci ent MYrdiGIaEPURRN “P\l[ﬂ‘st?émofeo? '%@BWN@ND(J{J%C sh Toe EHPOT“E’&&S of
about 10009%@;5 1 {1 3cieasagzousl) fong thesingiviodd! SO whit cellhstulearbnd'eerﬁmuabwab

spacers gconfjﬁ tgl:qi)d sg%vﬂqcﬁ%ﬁ cgﬁ%ﬁ'\%rse%co%ﬂgctgr reI aegt%t Oc'f th'ug i‘?‘ltclaeg(s:ee the

pillar 42) evi at imnate, suc ross cou
[ 0067] Fi g.dengityi &f naenwang eelinteargtion eelative descanwentional amthqthye nsw@btmNAN@ unhie

MENDry arr&ys are formed horizontally relative to a semiconductor base. In some embodiments,
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region of Fig. 11 together with a remaining portion of base 12. The
control gate structures 72, 74, 76, 78, 80 and 82 are part of
conductiv i hat extend into and out of the page r I o _the
cross-sect(:a\lwg))rioﬂtg9 9%@% 12, Fig. 13 shows a cross-secti oﬁ%&)‘ﬁtsh‘}é@%‘g?s to
that of Fi &ockeNen#3-f%dtrates one method for electrically

connecting the lines conprising control gate structures 78, 80 and 82
to other circuitry. Specifically, Fig. 13 shows a fragnment conprising

to otne! ! T P
| nes. 140. EBELERE o pinrbnadfienlts BinsfRRATRIL SRt FAPEYS LGy
and 82, regB¥oeicorirgled, phieastdmerrk by ventrolling dherhigknesa of epfeialy-grawtt end

beyond t he sQifidbhdibick 1agerk| anbi) cofttdlling 340 thieRitsa ionid}BsifcRRbhdlcti@Sh8terial
structures, 78, 80 and. 82, be an L‘%‘g‘&légl?to the |ines 214, 202

] and ma {
and 215 of TS the cOpisEpi pte Stelieay 45535 TBRY b RASIEE BHABkPls
150, 152 andd &b thaeai leasts@md o-tbnparaneicestpatt@Ees besrwtilitedtit eort@yetasnel

140, 142 a .14 4 m a series of steps
160, 162 ar@gg%é’iﬂ%%nﬁ%'ﬁ&%g%@r‘%f&gﬁéé%%%#ﬁ@t éseﬁ%'ps progressively

beconi ng ndPe70lat dhakimpodimestrod Fign1 igefiong the chivdeosterngd apierial B4Geing upper
layer 142. b&%eﬁfh%%lﬁlﬁél@%de@@gs @&%s%@e,hﬁé’@exﬁé&@%@@ﬁgﬂl@ﬂ% Z&Erfﬁ%l ddd, 163

and 165, respectiyve he i nterconnects 150, 1 ! :

el ectri cal PYUCEBRR 4t77% re 2pd g GhennpLrepiaeRecessRy! by tipselgating deyicgs. {niher
exposed pl anbediments it idebehmived walad chagé-stomdgeofiiarial &:admis lonly awhg thepe
series of .QNs. he NAND uni t |ls, of Figs, 11-13

e part of SR o ob A 08 ENE dipte. Fi0 Yo Bl TR e P PR
or nore of forrdegehesdmpARstmetiondelvhieh thFlebargaistdigesnateriabexteridgonlyelong3

advant ageoslafing Uelibdd) 8nd Adlialbhg Uil sty dlidescel I's to extend
vertically over a_sem conductor base, i ch can conserve

sem conductBY7 1 eaReteringie Figatt aSRINCONHHGIQ £eRsURIONIER & ityFtrated Rbfror v

cel I i nlt legpr@t:és.%][m); stegbaittbMBattod Figo?wemi ¢opBiRlctian ¢40 i asilbgoRs Bﬁh%bﬁguwD
unit cells,are.fo ont a i eni.aanduct or  base.
" sone. entod i ee: b SRS el Al B s S IR SRR
ML22- 3951 pitrenA@l42 éhdEhidhand Wtdiéig. 8hBillarstden) 302i 3%, 806, BPEsid Hidaamprise
cel I's utilizebralctdiEekAlish2 GidnSs ARYodEs FPRE sOhiebithucRt 12 &8Rksddlabove

part, by controlli ng the thickness of "epitaxial]y-grown sem conduct or
| ayers, antbiFisenteronidi kg taronsiriciRmtdsales comensises Padetve mairsiel 34

rrﬁ_t erk ial | @y@fomqgtjﬁwﬁeemm io$ the @iNaLs! Shd @ﬁi;ﬁisé&f ﬂmﬂwiﬂﬁandﬁl@@imnding f
t hl cknesse nm e er.to.contlo t t east .sone o
the' par anelier gt piSer BRRtE TR BUER 1 5 % 08 e R ek SRR o
flash menoelipreding s-type 2od et iegined ardigbusite thoseethben tHe@URB]4Dh42, 44, 46,
embodi ment 40§ ot gl 95 @%aﬁem(%]ygérm@%-aﬁa grtﬁféfrﬁg:aﬁseérb%t HdwRH Ag.141n

bet ween t he seleptpng devi ces i'nst ance; devi ces conpri Sing
t he cont r ofTdgdP &myifvier Pw&9%8 and 82) and the channel regions
accessed byoo/p sTheet diagetdedideshownfodtdiedor daciwang bishe béttomyofbe
desired that the.cha - st orage teri.al.,extends,onl | o the .
Sri g deviinshECa Rl 82a ) ShATRnaRld a1l FRUR (e Brhe caltihnice, o
i |1 ustrat eThe trpneh digleotic Bd4 may goraprise Mamngsine: comstitiotstdsdhe iunnalidietdetricite
char ge- st of; i, & I I nd
i SQ8s ARl @:Ilg.géi ﬁﬂ&iﬁle(&ﬁg)éo% 32;%@%1&@?3% %éﬁ%}lngfgél E{f,%%gm%

not al ong the sel ecting devices. erri n% to .
seni conductBIPOSEeRst asUBE FUTONgRte SLEIClNes S 4t 78d 7B B0aanst tEcliseassey abpyrye

after that(raf 11 Bi ghe%pntﬁng%tammamtei WAthinkPhch 36 ﬁ%&m&wsd hgboé m%céizg
constructi gn. i gS. .. 3- and, co ses pillars

506, 306 sRo8208 BrieedT IS doo ARG ARG g Shfo uB petahyc WindRrcage
of Fig. 9.isPicbiparated3fl,a s2@2ling3k4ice 306 betdB8n pillats 30Damb3ndr | se

sem conductor material 312, which is anal ogous to the sem conduct or

12 di scussed above with reference to Fig. 1. The construction 190
al so conprises insulative material 321éxtendi ng between sone of the
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[0072] Tunnel dielectric 314 is shown fornmed along a sidewalls at the
bottons of trenches 34 and 36, and control gate material 316 is shown

fornmed al oORg - gﬁge oxi de. The tunnel dielectric 314[#@.%&8&%93%

t he sane conp03|?|ons as_the tunnel dielectric 62 disc

(Fig. 10), Dasket¥e Mig?d?d gate material 316 may conprise the sane
conpositions as the control gate structures 72, 74, 76, 78, 80, and
82 di scussed above (Fig. 11). The control gate naterial 316 within

e 135 0000 APRANARe HAaPsd 8 BARLLDIRE ftrct Do REIIBE R A" ©

300 and 302 the control gate nmateria
i ncor por at észiaﬁmmategé'ﬁ@%mamgoméxﬁed@e S0 mm@@nnqﬁs thainsulgz 9&11@!“@@4

14 VO 20094083 4508 UP00BI0ASILackBle Bty 1M122- 3951 [0073] n

i nsul ati ve @éf] a%j %for d over the control gate material 316.
The i nsul at tERIPENS 9 & Borponss repchies Sfand ssa N aRye Wsulatye
i nsul at i ve nsdteriat 822 &8 liBeH wBﬁunr&BdleIQ&nc fhateriare2, Bifargesto@ge eatidSeedhd
above (Fi 9eh ri g t he f ches
32 and 56° FuRabRIsHRd PllRe el U dertyDanshint B54B00A¢ PR /b ARf
tunnel di eil@@tativacmﬁ@ti@ri%?ais fermedatithingeenshasrdgund Bateiil the tréachasndThe control
char ge- bl 0@5@%@3@ ErhaborR@ a%'%ﬁ%@é‘ééd%@b@?%ﬂ@té@%nﬁ%Eé rol gate

mat eri al 6 and insul ati ve materla hin trenches 34

and 36 to fIOPYSk hdhercanitgaale Sfrtvféur%?éior 8132 ﬁpénﬁﬁ%ﬁ'wcoquﬁd ipierptingl
gat e st r ucteviess; addthe 330l @éﬁéstrlﬁﬁﬂes Marﬁlmtl%‘ﬂ@lncorb&}gﬁa]n'ﬁh@elﬁcihﬁé rol

t t d 342 t
dovi cos. ariiEdm, Feiers dfengre B0k BrGra e nd SR BP A R bR P T ot e
into sel ecteim@/ed®vﬁbrd@é0rmmrcphtmhgatefstrw@regéslkamweonmte‘ra @htrégates df

char ge- bl oggl d%fbcmggt &vicdb a@@:paéé%i fFo?rYﬁﬂzé%QjaBédt9ﬁ|an?sdooﬁéﬂ A é‘daf‘&ﬁl?by QA&
structures 334 and 336 so that the control gates of the selecting

devi ces ar de&siicsd: fromthe adj acent pillars (300, 302 and 304) only
by tunnel c[nemct Mhe coBtrufdn 6Fighes @fs fromakat@NFigf 11Fh that the cdhtfdl @atss of

f h f i
devi ces (i e SlePng dhulsPe g™ i€ Ry sng Py Seie Sifr s 628 pgs anc
320, 334 aPdr)3dip fid. 16lsenstivgtionBe saasd fraptadjanerdsemispattiedr pilaya(300, 302
adj acent sgm m@H?fb?&urmbﬂ d.@éd&%ﬁ&@mﬁﬁ% m%z?%her%nyo t%Ycon{r%%? of

dielectric materia 4\;‘@ i nati
tunnel di elu8ee digtectrigresterigl Wik Ffﬁf‘f%ﬁh%{?'@ée maéﬁr '&b‘@" ?@PTDQCK'BQ gaterial. In
char ge- bl osdehdgmbadisits,the stinG@sieee BREIFE NS Sonstriidion (1o iNGasiRy iheedvieds

control gat@ aaEr il SRe s SawaS S0P s By B8 HeriRrelioBs vik Parems
a col urm tthat isivertioaly bietyelen  pois phwestasting paices ¢ibr isetherst thageldetingaesicéd or

i nstance, {heRflGRehIAIYaLe%LGGes SPIRId $44)9 control gate structures
318 and 334
2)077] The flash memory cells and NAND unit ¢ells of various embodiments may be

utilized in various electronic systems, such as, for example, cars, clocks, cell phones,
computers, etc..

[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 coupled to a read circuit for reading data from the
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[0077] The flash menory cells and NAND unit cells of various
enbodi nents may be uti lized in various electronic systens, such as,

for exanpl | ocks, cell phones, conputers, etc.

16 illustr PZ&ﬁﬂﬁL“ odi ment of a conputer system 400. éﬁh%%¥§&£%93
systen14oorpﬁﬁﬁgﬁb§4 ﬁ%ﬁetor 401 or other conmunication out put
devi ce, a keyboard 402 or other conmmunication input device, and a
not her board 404. Mot herboard 404 nay carry a m croprocessor 406 or

ot her dat a ey ?%%él‘s nghé’%&ress%@Qnm‘eédecﬁ%ltrfﬁﬁ%gg Uﬁﬁé!d ﬁf&n@ 'g'é)f%forrﬂation

Menory device 4
array may Beweeq mewquweda@l ﬁ@%@foﬁﬁfséi 4QBuiSuely isfi Tf%{é@ inghe higek diagram of

i ndi vi dual 1enBh¥be&t 484 srﬁbv&mﬁF@rﬂﬁym sﬁé\"i BIB&(dla é}ﬂ tﬁ@ﬁ@ﬁ#ssﬁ%ldlrc@f _Y
may be cougl ed t a1reag Ci rc‘%ﬁ' eadi ng d fromt

2009/ 09144 8Pt ?5%?90?)@/9(5' Hegprga W@W'MUSTW&@zﬂSﬁgl menory cells. The
addr essi ng [00TR]r e ®doebsw diticey40Bayabemespdndze d pfaabssopmeay e, ed associated

informatio 991 W\ﬁﬁg%c[wﬁlh%”%ﬁmb?n%gﬁ%ﬁﬁ&% geessor 406. Such is

illustrate I'agram erboard 404 shown in Fig.
17. In suc H0@$Q3ck Miregy @ewcetflﬁé maddouesriond tca memptyrmodute, ahd mgy eemprde as

410 and thﬁeaghmn&y@gmgweﬂalsmmjd ustrated as 412. [0079] Processor
devi ce 406 %Hcorres Iglr ocessor nodul e, and associ at ed

menory uti I[P9 i 1 NHSTF?(S?% nRified blok FiagremeRiioh-leyah prganizalionst g
devi ce 408elratybrivodysepinnd Styflem mmwmorragmhexo R @xdraye, ca)qupu&esvjdt@ﬁfh
nmenory con strates a I

0 ook i aoPeistin AN, oy BHEFL Mot el drtSle i Ssfr2nlTBudcblaf
700. Syst efeMOQ/. rﬁl@ctr@oimsmeémﬁao hes fufciionabetamuints, ingludiogpwprescssy g02m  a
process Ccogdriel umemne%ww.c@hhefoém dsmatpﬁmbpa@lca @é%ﬁ@%?erm

and associ ate rrermrly El ectroni c system 7 has funct i onal

i ncl udi ng F2PrBYERRIYRIY §oProgessais: GOl MRIMCTY devica ity 2o '&dweﬁ n
7|06 alnd anvdrimpsntembmlmums)( |(£éa)eraﬂiﬁ\eleb&01798ys(térﬁl30@wﬂﬂ1§m mlvbamebfa
plurality VIce units

|/ O devi Ceggtlrtﬁﬁ gﬁs TR sg%t‘:l%) |Ia¥|<9ljls tgﬁ a‘;orglego P))é?t% \ é'&% PropRssoTy @gtagﬁ]c»t;ﬁb
w |l have ratan@qtlpmaab@eeerdhe DWQ@&SQC?QQOﬂ@ rodvagry dppees dngt 7@§andithedﬂﬁ’$detvmebe
performed a, dﬁf?e%ol%/olhhi@?@d’ &%ﬁﬁ%@és aﬁl%e?dﬂgns%ffﬂ%pc{b&ts%%@ Q8%heRR

t he processor 702, the nenory device unit /'O device 708
The cont r ofevif%i 496 T’@ﬁ“‘@d@ B?Vr'f‘&t@% by cpntiigaysht GYSHng tarugha s¢oherasations theb,
t he menor yesey irseudtiohs s feieed fidmh dﬁ\nn@ﬁory 08viddy7 0Bt ieRettER| Yhe Yrighriong

(hrouah 2 ek g T oSS e SR B Se B o
i ncl ude fl rasmowmtge copligtiedsas MARDash card, and at |east some of such
flash memonyogBpy P SPRGSHEIgE ﬂécWam[oggﬁgﬂagfk%c %&eh%oe FheBstdr ed
bl ock di agr am of an el ectronic_system 80
800 includes a memory device 802 that has an array of memory cells 804, address deceder
8086, row access circuitry 808, column access circuitry 810, read/write control circuitry 812
for controlling operations, and input/output circuitry 814. The memory device 802 further
includes power circuitry 816, and sensors 820, such as current sensors for determining
whether a memory cell is in a low-threshold 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 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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800 includes a nenory device 802 that has an array of nenory cells
804, address decoder 806, row access circuitry 808, columm access

circuitry wite control circuitry 812 for co i ,
operati ons‘%ﬂﬁ0 éﬁ\iﬁqgé\ésg put circuitry 814. The mmryrpé{eﬁgégdé@fﬁss
further |rl}?ﬂ° et %ﬁ rcuitry 816, and sensors 820, such as
current sensors for determ ning whether a nmenory cell is in a

| ow-t hreshol d conducting state or in a high-threshold nonconducting

state. The %(J'Oh st rﬁ%%n@é}gﬁéw&' I-frocélﬂra%é\; \%é&%gnn@trdl Qigrlidf'l'éj’r?o?n F}%"iﬁéﬁeﬁy&%'zﬁ over

CII‘CUItI‘y 880, circuitr rence vo
circuitry S\Brmgf%fne&“a?ﬂ'm Igs-aThe mgmowewp@ B@2 ipjuped tsﬁr%@ata&hfcem try

886 for pr @mééeétgv@l/@em@mc\tWSdéﬁmtw rBoddbbi28 or ABMoR/ deGidh BOY m3B8
for providing a _bitline wt em 800 aI50| clug\ﬁsa

S S
o cmsour - B gt el b g e Ao iiSh o pmay Bocongus
2009/ 0914489@[)’ US2008/ 084683 Docket No. ML22-3951 [0083] The nenory

devi ce 802 rT[rE Lﬁl | ?Zl?ﬁlgg&{s%llecﬁbrgﬁlﬁlﬁerﬁg H%Bgﬁbﬁé’a?e%grgg%]e%%gka%\éﬁoce%smrge

W ring or dev
dat a whi chUniés, aeevesed siide $enupdndpier chi, In ederito ecedhe corempnioaios sioe

822 or wenaémeéﬁmecp@oc%eaor@amﬂenﬁé ol dbliggh), mermory, and at | east sone
of such flalz) r]eg[é_%ﬁ % confl ured as NAND. [0084] The var.i ous
el ectroni c 9§} [;a ¢ HB @’CP‘? ypediinygpraony Radkge Jvise davgrigower
units, or ewdnlegrommsingtian mmurrmopmuﬁsﬁrmoml@,, ahdnapplickibns pedifethigileshe
comuni cat %‘ﬁ m%¥%lugghm% %Itgﬁg%%ﬁ%é and the nenory device(s).

ec

[ 0085] The e oni c e used in nenory nodul es, device
drivers, pd\%ﬁﬁlnoabﬁé§01f@lb¢ﬁvﬁ?¢ﬂt§afﬂayd?ﬁ ﬁmdlémbmﬂgrfmésiéwswmau@@s and

applicatio Bb&&eféié(vlsfbnmb‘éﬂ Pﬁ@nes AisdmBYcdrplerid ‘?autB‘HﬂoEﬂeE aM@lﬂstna”%ﬂh'oP hi p

nodul es. sg ! e el ectronic systens nmay be any of broad range
of systens?¥ alrerafl &it ks, tel evisions, cell phones, personal

conput ers, autonobiles, i ndustrial control systens, aircraft, etc. 17
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CLAIM5S Claim1l1: A nethod of formng a NAND unit cell, conprising:
formng vertical colums of a sem conductor material over a
substrate, the columms conprising alternating n-type doped | ayers of
the sem conductor material and p-type doped | ayers of the

sem conductor material; each of the colums conprising at |east four

| ayers of the n-type doped sem conductor material and at |east three

| ayers of the -tgpe doped sem conductor material; each of the

col ums ext vertically away fromthe substrate with a first one
of the doped |l ayers being nearer to the substrate than the other
doped | ayers and the other doped | ayers being above both the
substrate afdainnd:f Arsietood odfforménglepbdNRyeriscell, compigieg: f or ni ng

t he col unms fdnnaith gcoenirdad ecdt minsast afsemidanrdopindteeiah-dwgrea dopatrate,
sem cotigeict oolummter | @ miphisihd er adérmating! atitppshi gopetih ddydreasiof the
three kayfitsndlictdre matarid dorkEd-3gpe cabpel Qaysns ebf dhe |dgrhit@nidi@tor
col umMmsn afielr il ; eacﬁeaﬂﬁmélcﬁthuﬁfrﬁbebonapﬂuﬁn rapieés»tnnﬁJr @y@r@c‘dﬁth?e retype
| ayer gbp@REERS MaERr TREdA andnst s@%ﬁFe@lay? 8f thé 4Ky B doped
mat er i %lemuEBﬁ Ledsi" ma! eFuHP'Lf‘éc 'o?'tﬁ%tédlﬁ ,pggs( ngwpééﬁfd% p \'R/bE}gfrom

cont ai the

Lo
i nsul aE‘? gt,%r@ St ‘Z’Lﬁ%k%' Yy @H%% ye mi?ras eBe avrx”(%‘?payer

Ilned n he con i n

of ele % 5¥%H f

hori zont aII 858'5%ﬁ ?o Hﬁﬁs ﬂ@ %ﬁ?r Oft

the co &5’{‘ é‘& 8?3 ﬁ@ dBm'Fl 8[“ %@%Ub’i 1BsW % eas
mcorpH?rzi’tee Vier'iﬁd-" RotY@evferedggemiongigionmatesidl) linipgthe cojumns

first Wouri S@ﬁt@rgtalu@tctﬁre aflayge of dranpt Wiskectat rollayat o©f charge-
struct Blr@gs Matarieheardm yesrofi shaigecbipgkinenmatasialndhe dayeopf ganeel
st ruct diedeofric fry mingr an iupwafd-opening cgatainsrr aotdures within the

cont ai ner tfaming iatbeuhading ylaydiraceaft albetridalbt icsnlatove gataterial and
st r uct arextrichity byondectil e anaterdal petwsehathe dineat eol@hnandndhearithin the
t he foopeningfwithien &é eorabimg; lthgerayart ef etéctricallyycondutave veaterial
mat eri edrnging &l gRiralisabf harershtallyvep aed € dodtral ogte sa% chordd gtHiRethe
first 6E€hfr§l vithian Sié Usdritbmhaboye ddet oy o@fth@h@bamlg)@t@ @&uctures
materig poraged hﬂosgt?rmlji d%@ﬂéé@ofgﬁbemwlquf @efb Wr?e idig a first
first EQHfrb‘Plgag@t trﬁEfL\’r‘ét H'feche lurali® BfMbéntrbh & 48t bed chl r @Jlml the
wher ei o?‘]td' HEJ HoP g A6° rﬂ&t‘ﬂrr 0(5E %%[y ?f

sel eCtFQﬂ gaqgsﬁ ﬁqﬂi % iner that i

oo spiteE e S Lk aﬁh e, Elelrc ey @%gifr't&%.fn

uhi ch WETS ﬁ@ 9 clryeren ol sleet déOﬁ‘d
conpr i ¥141§"! n?'?% ?0% 'éc @@‘FF'B qq{Bpf'?ﬁéd A <NEni §St
by t heCPlHRel 9@iSI¥ F&e above ¥Rra-of TRAAFRR hRckHNgcmatarial and
wher ei PrNEIs (B8t sgEendomENtds g%e.oﬁtr%ttwq ighovg | theorfirshneontiel evate
t he foﬁ"rfﬂﬁg-"tehe vertical colums conprises: epitaxially
growing alternating |ayers of n-type doped seni conductor material and
p-type dopeGlaeniZondoet methedeof alaiovet whereinbsemat ef thiet boatifol rgate
of t hestrbitrreatamegincayposaieel imjo gredacting dévicanondthy I4AND naitscdli.con
of the substrate; and patterning the epitaxially-grown |ayers into
the verticaCldipl BMS.The methdd abMdhainihe weidrerth ofll dfaithe 4c¥hABDE date
the paifraefired tdie VeEsigerhté®! HHTBS sEOAY’ deSfdes, and fLPIHEMNGoRhprising
| east piignihi’ §dlebfiRBdeiBeSRENRIN b adldvi SROWRIbAYRIS stritd McviGedline
|l east QbR dhingS el I RoPip RENN B Rt G el fidt DR T5RMdR] ihetild Red

columns only by the tunnel dielectric.
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filling the at |east one first trench with electrical isolation

mat eri al ; after filling the at |east one first trench, formng
second trenches that extend into the epitaxially-grown |ayers and the
el ectrical isolation material, with the second trenches extending

al ong a second horizontal direction that is orthogonal to the first
hori zontal direction; wherein the lining the colums conprises
formng the Iayers of tunnel djelectric, charge- storage material, and
bl ocki ng di &1@® rfc vighimethpd Kcelim lendipeinohe substratgepamprises
al t er nBIQMRCIYVA{RIIgEorSIEF@Et randyl WMparalLl Kie viermingr ithe amdtical columns
el ect r coamPyseBnducti ve material are formed within the second
trenches. €pdanialy grawinodltfrnading fayersNoND-type dogldd ssonisoinsiucgor
f or m nnatelriay emddp-typendd pei eeanicoind uchd e matkriaéoweetha padstrate, with a
verti céirstsof dhé uslésrnathg tayersl bdirg] gecowinconather nednd@ystalfinensitigoanof
upwar dilppenbatratentadner; the vertical structures conprising

alternati ngpbﬁ}éﬁﬁmM&ebMQQIQQPQﬁbWﬁ%QQMH%Qhe%r@ﬁc’a@boﬁi‘lﬁnl@ type
doped sem conduct or materi al ormng a |ayer of charge-storage

material w Bl t519 T“H’Qtrﬁ'e'f‘l?ﬁd of clain! & Wiidefh |t§¥e[\5/aﬁérr“ng the ver fical

char ge: Bllﬂﬁh!s In the cont a| ner an er t ayer o

char ge-stor E t big lf?é’te[r% ﬁ&&% tﬁ.ﬁwa Al with
R f%& i %Fireﬁ%ﬂgg fih} a.s 5 o
el ectricall ”r%r %¢ fiEpt 5‘0 I‘@H r Idﬁﬂ lt"’é’rl al
within the B@Fu “W ﬁ| er?egtc%'ﬁ? frﬁ fe’i Pg %ﬁc%ﬂ Wha
conducEriRn -rova lavers adT I tiselsd tor"bfn erial,

st ruct Witdsthg tSﬁPﬁ”fjh'éeB[éBﬁ? RRNEHI G 2 PRg c%ﬁ?ﬁpﬂérh%ﬁ%'htaércﬁfeﬁ'on that
i ncor pby attb@goned te dhedirshodiepindesdisecting: NAND unit cel |, wherein a
first contrwohegaietha linnaitbegfolurmpamnrizsgs sorroing thoe I@mr@ of tunnel
st r uct diedscimia, ihrargisesicoapai mateiisl, spat dlodkiom ciesertosdwibirt thd sgatoed
struct treacbest aadpl urality of control gate structures within the

cont ai ner tWwakreih itheeditatretingadpgeentoft bedtrically ciosuiativgaheaterial and
st ruct gletashly o ridietitleestatedal bye foanbdtwitRini{esbabnantenéiessi n
the formng of the alternating |layers of electrically insulative
material and electrically conductive material conprises formng the
first control gate structure above the | ayer of charge-bl ocking
material and formng the second control gate structure above the

first control gate structure. Claim7: The method of claim®6
wherein the formng the layer of tunnel dielectric material

conpri ses: deposition of the tunnel dielectric material over
the pair of vertical structures and within a trench between the
vertical structures; and pl anari zation of the tunnel dielectric
material to renove the tunnel dielectric material fromover the pair
of vertical structures. Claim8: The nethod of claim6 wherein

the formng the layer of tunnel dielectric material, charge-storage
mat eri al, and charge-bl ocking material conprises:
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deposition of the tunnel dielectric material over the pair of
vertical structures and within a trench between the vertical

structures; deposition of the charge-storage material over the
pair of vertical structures and within a trench between the verti cal
structures; deposition of the charge-blocking nmaterial over the
pair of vertical structures and within a trench between the vertical
structures; and pl anari zation of the tunnel dielectric

mat erial, charge-storage material, and charge-blocking material to
remove the tunnel dielectric rraterl al, charge-storage material, and
char ge- bl ocilaln Mt &rmgthed ah fevming reNAN P Wiit el p@mprg‘imgct ures.
Claim9: Théonmgingod levee i tungelsdetdairichaateriglebetwaen & owir of vpatieal
st r uct streictanes; f dranddnnel koeliesdne aneyermal dmyeai formingy arhe pprargpepening
doped senia@ioedudher vesticali strusdurdmtcarmeprisog rallempattmgstiayetsurals ndtype
not oveolpep $dmidcaydustoofmatdrialeant pety peedopeoddarhimontatator atate@adj m
10: The et fmnioly allayenr 6f vharge-storage mdteeial ayithia the edeinecal |y
conductive fenginigala Riverf of tedrye-mstring nsd@sradll withey and &detaMP and
unit celbbkr the lay8rPbtrdddr¥-Horhgeenfarenasdt shar eaydarsned ERaRfe-sforage
one- t OpPAXe riefrd R$ RHHIGBCIS 0WKinY trﬁé’tér%eﬁérr%(fvlﬁbeﬁﬁer bBﬁEéMeF%}%%éVﬁmg
mat eri gh,; 'openin Win e rehinePndugt | ve material forma series of
Steps Al ong, | aber aby it € b2k DS ragLe |KP' g PO "R IIL ong

Latera'aeyctha% ﬁdawﬁ R IR e ol o e
pper &9/

bhshl

said o %tee gr M%dm ale, aotr‘f”@&ﬁauef %f |°f Sapet aparf
the i nCBPEG SSP Qﬁh dtvieh

| ayer s"!fto"PHéa S5 %% '2)9 ‘”Ces ° hW C6f "k 1Bai ﬁ?t
1 wher EPR rtolheaentet é'CFléf g W&v@"é@ﬂ)‘é!aﬁft PQFW t%tesawyc ek MaYn Jde
the p- 99p@mayéss€paced frcn:naﬁ ferpndreentidl Keostreckirm af dive mluraldy of
| east o6ABlrel daie grugiyeesayidhia the icendaiper dhad is dnunadidebeadirpent the
devi cefiost chatnahNgRignistrustliie andy aby | tbgselesteicallyt msupatiypenipigriak ans
i ncor pethatreth i titeo f@rstingngf déwve caltefnatimeg NFNErsniaf edédtrionadlywheselative
si dewahiatefial hendnelgnitigpby | egerducveoiatasgal eermbrizeki fermimat the first
col | i neantrol t ate sitdev@ire abolke tbaelaydrypd khpege-blocking material and
forming the second control gate structure above the first control gate
structure.

Claim 7: The method of claim 6 wherein the forming the layer of
tunnel dielectric material comprises:

deposition of the tunnel dielectric material over the pair of vertical
structures and within a trench between the vertical structures; and

planarization of the tunnel dielectric material to remove the tunnel
dielectric material from over the pair of vertical structures.

Claim 8: The method of claim 6 wherein the forming the layer of
tunnel dielectric material, charge-storage material, and charge-blocking
material comprises:

deposition of the tunnel dielectric material over the pair of vertical
structures and within a trench between the vertical structures;

deposition 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 dieleciric 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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Claim 9: The method of claim 6 wherein the spaced apart control gate
structures are formed to horizontally align with only the p-type doped
semiconductor material so that the control gate structures do not overlap the
layers of n-type doped semiconductor material.

Claim 10: The method of claim 6 wherein:

the layers of electrically conductive material are formed to extend
laterally beyond the NAND unit cell;

a plurality of interconnects are formed to be in one-to-one
correspondence with the layers of electrically conductive material;

the layers of conductive material form a series of steps at one lateral
end, with steps progressively becoming more laterally inward in going from
lower layers of conductive material to upper layers of conductive material to
leave exposed platforms at said one lateral end of the layers of conductive
material; and

the interconnects are formed to electrically contact the conductive
layers at the exposed platforms.

Claim 11: The method of claim 1 wherein the n-type layers have
substantially the same thickness as the p-type layers.

Claim 12: The method of claim 1 wherein at least one of the p-type
layers is incorporated into a selecting device of the NAND unit cell and at
least one of the p-type layers is incorporated into a string device of the
NAND unit cell and wherein a sidewall of the one p-type layer is collinear
with a line that is collinear with a sidewall of the one n-type layer.
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