CROSS- PO NT DI ODE ARRAYS AND METHODS OF MANUFACTURI NG CROSS- PO NT

DI ODE ARRAYS TECHNI CAL FI ELD [ 0001] The present technology is rel ated
to cross- p¥PAIIETYEe arrays and ot her types of struct urféd7Us3eId/ 059362
menory devi ces or other types of mcroel ectronic devices, and nethods
for manufacturing such structures. BACKGROUND [ 0002] The

ni croel ectroni ¢ i nd¢PSS-POINhBAPDEABRAES i MEEHYBS SFoduce hi gh
performance devices M@N@@HT[H@N@QRO@E- atpeid hpraktyy decreasing
costs. Smart phones, portable conputers, digital caneras, portable
musi ¢ and nedi a players, and many ot her el ectronic products require
faster nmenory devices with nore capacity. As such, nenory device
manuf acturers in particular seek reliable, |owcost processes for
fabri catiWW&FﬁgngﬁI@mnce devi ces. [0003] Menory devi ces may have

| arge arrays of nenory cells, and reducing the size of individual
nMenory celh@ipr ovirug %{‘ﬁe‘ﬁ ABAGTo kP Rl relaRdt6 8%8s-bdlnt di6dDirkaysl 8RB bihyr Qfes of
t he menory devices. Cross-point nmenory cells are located in the
vertical suemfogysqddyimnamorydeviess or adedtypesadsnigieglepiraniq devéoss, and methods for
Cr oss- poi i nclude structures that undergo a stable and
det ect ablrgéné]%%@és %ngtéﬁ%%géd to a current between a word |line and a
corresponding bit line. Because cross-point nenory cells are | ocated
in the oBACBPROAGIBNs between bit |ines and word |ines, these nenory
cells may theoretically be forned to extrenely small dinensions.

[ 0004] On cern f I - pQi Nt nory.cells [s,that.
t he smal Ie[g@g]]f eat Jg Lesﬁgc?&tl%grggcr uct %&gzgc@ﬁé%témgﬁF f¥ %ﬂﬁu% tt(g I#r?)crmn%Q Blgh
usi ng phaofetbirdnogdeypbes iprsond gadage kiaes ax@oine]lyidecrieasirgy ddsisc Brhart phones,
pattern the ]\gafers to ggr.r;}the drain fruct,ureﬁ of .a ross-‘gcﬁi nt
menory cdlOTAHECQIPECTH LRt FAPERESP SSBUSRERf R DIANER @iihARpY Rgher
formed reldcabhiy pisdued iRt fa8Qr RRAS) UENQAr RN ok 8428i5ES Assuch, Snd@hdt)
difficult to photo-pattern gate structures that conpletely surround

t he i ndi viedigalmanufacaures jip paftighlad epeki toliable.olos-¢nst procpssaofor fabrieayisg high-
Moreover, g b8 Y8LY.gxPensive to formvery small features using
photolitﬁbgrap y processes

[0003] Memory devices may have large armrays of memory cells, and reducing the size
of individual memory cells provides a concomitant increase in the bit density of the memory
devices. Cross-point memory cells are located in the vertical overlap regions between word
lines and bit lines. Cross-point memory cells include structures that undergo a stable and
detectable change when exposed to a current between a word line and a corresponding bit
line. Because cross-point memory cells are located in the overlap regions between bit lines
and word lines, these memory cells may theoretically be formed to extremely small

dimensions.

[0004] One concern of manufacturing cross-point memory cells is that the smallest
features of the structures can be difficult to form using photolithography processes. For
example, it is difficult to pattern the wafers to form the drain structures of a cross-point
memory cell because these features are so small that they cannot be formed reliably using
existing photolithography processes. It is also difficult to photo-pattern gate structures that
completely surround the individual pillars in high density cross-point memory arrays.

Moreover, it is very expensive to form very small features using photolithography processes



because these processes require expensive equi pnent and materi al s.
Addi ti onal concerns of cross-point nenory arrays include reversed

| eakage cuWPSAH/V7EE6| al resistance, and accurate contr diCTg§S2010/059362
current-voltage uniformty that are inportant for nulti-|evel cell
conf i gur aacenss thepp prasessesercquire ¢xperidy ¢qipment aed @pigpals.npddiiedalrpentearssof
for form Lahl.y. i ' ' d.] : .
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colls n Dedbaancetaed o falbs RorabyepSoBL oy Eohn ieed clouity,
Cr 0Ss- seCindomaparb By aBsk-foidUnenéB tdls2alPRs R iBoddd Bffcuitry for such
enbodi ment of a substrate at a stage of a method for form ng an array
of menor yfegdicds in accordance with the technol ogy. 100071Figure 3A is
a cross-sectional view and Figure 3B is a top-plan view of an

embodi mengp @k e SLOPTLR gtage of a nethod for formng an
array of menory cells in accordance wth the technol ogy. [0008]Fi gure
4A is a cross-sectional view and Figure 4B is a top-plan view of an
enmbodi merl000f] a sFisye dtieflav chadofien eobadiencof ofa methed dorf formingran avgryad

array of JBRIBLYfehlSed A GALANER LD, Lhe technol ogy. ([ 0009] Figure
5A is a cross<sectional Vview an igure’5B is a top-plan view of an
[0006] Figure 2A is a cross-sectional view and Figure 2B is a top-plan view of an

embodiment of a substrate at a stage of a method for forming an array of memory cells in

accordance with the technology.

[0007] Figure 3A is a cross-sectional view and Figure 3B is a top-plan view of an
embodiment of a substratc at another stage of a method for forming an array of memory cells

in accordance with the technology.

[0008] Figure 4A is a cross-sectional view and Figure 4B is a top-plan view of an
embodiment of a substrate at another stage of a method for forming an array of memory cells

in accordance with the technology.

[0009}] Figure 5A is a cross-sectional view and Figure 5B is a top-plan view of an
embodiment of a substrate at another stage of a method for forming an array of memory cells

in accordance with the technology.

[0010] Figure 6A is a cross-sectional view and Figure 6B is a top-plan view of an
embodiment of a substrate at another stage of a method for forming an array of memory cells

in accordance with the technology.

[0011] Figure 7A is a cross-sectional view and Figure 7B is a top-plan view of an
embodiment of a substrate at another stage of a method for forming an array of memory cells

in accordance with the technology.

[0012] Figure 8A is a cross-sectional view and Figure 8B is a top-plan view of an
embodiment of a substrate at another stage of a method for forming an array of memory cells

in accordance with the technology.



enbodi ment of a substrate at another stage of a nmethod for form ng an
array of menory cells in accordance with the technol ogy. [0010] Fi gure
6A is a cr¥9084@t%onal view and Figure 6B is a top-pl RETEBWEFI36N

enbodi rent of a substrate at another stage of a nethod for form ng an
array of B@hdry cdliguses I Y @mm?éoamswlomien@ve&:mﬁdﬁl@gy9C[1®@mp}1ﬂargmw
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enbodi nmen a su ano mng an
array of d?eﬂmf@(:cmﬁhﬂcswumth@teoﬁrd&rg@e wi t h the technol ogy. [0012] Fi gure
8A is a cross-sectional view and Figure 8B is a top-plan view of an

embodi menpord] a s ¢ 3 & DbrognRtlieial sleags aﬁafeniboﬂﬁﬁdﬁﬂdffi@lﬁbsfr@téfﬂ BEbtRd}
array of nenory cells in accordance with the technol ogy
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10 is a créss-sectional vie

anot her [0016] Figure 12 is a cross-sectional view of an embodiment of a substrate at another

stage of a method for forming an array of memory cells in accordance with the technology.

[0017] Figure 13 is a cross-sectional view of an embodiment of a substrate at another

stage of a method for forming an array of memory cells in accordance with the technology.

[0018] Figure 14 is a cross-sectional view of an embodiment of a substrate at another

stage of a method for forming an array of memory cells in accordance with the technology.

[0019] Figure 15 is a cross-sectional view of an embodiment of a substrate at another

stage of a method for forming an array of memory cells in accordance with the technology.

[0020] Figure 16 is a cross-sectional view of an embodiment of a substrate at another

stage of a method for forming an array of memory cells in accordance with the technology.

10021] Figure 17 is a cross-sectional view of an embodiment of a substrate at another

stage of a method for forming an array of memory cells in accordance with the technology.

[0022] Figurc 18 is a cross-scctional view of an cmbodiment of a substrate at another

stage of a method for forming an array of memory cells in accordance with the technology.

[0023] Figurce 19 is a cross-sectional view of an embodiment of a substrate at another

stage of a method for forming an array of memory cells in accordance with the technology.

[0024] Figure 20 is a cross-sectional view of an embodiment of a substrate at another

stage of a method for forming an array of memory cells in accordance with the technology.

[0025] Figure 21 is a cross-sectional view of an embodiment of a substrate at another

stage of a method for forming an array of memory cells in accordance with the technology.

[0026] Figure 22 is a cross-sectional view of an embodiment of a substrate at another

stage of a method for forming an array of memory cells in accordance with the technology.
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stage of a nmethod for formng an array of nmenory cells in accordance
with the technol ogy. [0015]Figure 11 is a cross-sectional view of an
enbodi nent WOf20l/§LH66t r at e at anot her stage of a net hod FQIVU2e0/459362 an
array of menory cells in accordance with the technol ogy. [0016] Fi gure
12 i s a ci082q- secthigmal23vis enflow charterfbadihee embofinens ubstmethed fitr forming

anot her stage of a nethod for, form array of menory cells in
accordanc‘éer@ﬁa{ﬁ‘e?lﬁg Cteélﬁﬂhaﬁf%rawce[vﬁn%%% %?lbqgﬁo(gym is a cross-sectional
vi ew of an enbodi nent of a substrate at another stage of a nethod for

form ng anEaATEBD DESTRIBTIONel | s in accordance with the technol ogy.
[0018] Figure 14 is a cross-sectional view of an enbodi nent of a

substrate anot her .stage..of .a nmethod f.or form ng an array of ry
celts i n BB dancaesifie Aris of Sk |66§95.m1ebféfé]f Hei dechaolpdy are describet
Cr 0Ss- SeCh@nalithy k@¥reRde &N nRIHIHICEI Ntia9f afld SHORSdsafoR rﬁinu?d&ﬁfrfﬁ@rarfﬁaﬁrﬁ%

of a method for formng an array of menory cells in accordance wt
t he techrdtmgy.celloobopFeghedments; r gxammpe qurs dicciashial cress-gainbmegmgry arrays

embodi neq}sec?fin%ﬁyé)%hﬁlpgteem@ﬁm@nm r.(')%{er types of memory. Memory cells and other
semiconductor components are manufactured on and/or in semiconductor wafers that can
include semiconductor substrates upon which and/or in which microelectronic devices,
micromechanical devices, data storage clements, optics, read/write components, and other
features can be fabricated. For example, SRAM, DRAM (e.g., DDR/SDRAM), flash
memory (e.g., NAND flash-memory), phase change memory (PCRAM), processors, imagers,
light emitting diodes (LEDs) and other types of devices can be constructed on semiconductor
wafers.  Although many of the embodiments are described below with respect to
semiconductor devices that have integrated circuits, other types of devices manufactured on
other types of substrates may be within the scope of the new technology. Moreover, several
other embodiments of the new technology can have different configurations, components, or
procedures than those described in this section. A person of ordinary skill in the art,
therefore, will accordingly understand that the new technology may have other embodiments
with additional elements, or the new technology may have other embodiments without

several of the features shown and described below with reference to Figures 1-24,

[0029] Figure 1 is a flow chart of an embodiment of a method 100 of forming an array
of memory cells in accordance with the technology. The method can include forming a
plurality of pillars in an array of rows and columns (block 110). The pillars are formed from
a substrate of a bulk semiconductor material, and individual pillars have a sacrificial cap
structure. For example, individual pillars can have a semiconductor post formed of the bulk
scmiconductor material and the sacrificial cap structure can be on cach of the semiconductor
posts. The method further includes forming source regions between columns of the pillars
(block 120), and forming conductive gate lines (block 130). Individual gate lines extend
along a column of pillars and are spaced apart from corresponding source regions. Each gate
line completely surrounds a portion of the semiconductor posts along a corresponding

column of pillars. This embodiment of the method 100 further includes selectively removing
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stage of a nmethod for formng an array of nmenory cells in accordance
with the technol ogy. [0021]Figure 17 is a cross-sectional view of an
enbodi ment WO20H/G{AsEt r at e at anot her stage of a net hod FIYURBWAFIE an
array of menory cells in accordance with the technol ogy. [0022]Figure
18 is a cthesscrifisiali @hatrugimwansk tharebe figeingreplf-abgned epghiogs diae eapose a top

anot her r

ccor dancistih BF oy TPt sAhicORLHD IR0 BoLEN4B), BTG Shd:Tald] arpin
vi ew of aronewdsoth mentclbhligned ulyehings ehatt arandedideallyt agmeattd ao N®irfeshniiog
formng an arr Y of ms?@r g@él s in accordance with the technol ogy.

[ 0024] Fi gl P’éc‘)?g Glr pests ng tional view of an enbodi nent of a

substrate at anot her f_a method for formng an array of nmenory
cells in l&ewrdan&gwwﬁtaﬂ@ ZBER RS ORFIONh 8p% fan ém gieys, lieéveatwelya of an

Cross- se%&@ﬁhenv bEWGHstr#t8 2607 m&fer)% a@ta@é’@ﬁt‘h& flchodl1097 At B st

of a method for formng an array of rrermr?/ | s 1n accordance w

t he techrrobgitye 200 has a bulk semiconductor material 210 (Flgure 2A), a plurality of shallow
trench isolation (STI) structures 220, and a sacrificial structure 230 (Figure 2A). The STI
structures 220 can have array trenches 222, peripheral trenches 224, a dielectric liner 226
lining the array and peripheral trenches 222 and 224, and an oxide 228 filling the array and
peripheral trenches. The array trenches 222 define the spacing between rows of pillars that

form individual memory cells or memory units.

[0031] The sacrificial structure 230 can include a first sacrificial material 232 and an
optional second sacrificial material 234. The first sacrificial material 232 can be selectively
removable relative to the sccond sacrificial material 234 using a suitable solvent or other
material, and the first and second sacrificial material 232 and 234 can also provide separate
stop-on features for mechanical removal processes. For example, the first sacrificial material
232 can be a polymeric material and the second sacrificial material 234 can be a nitride. The
sacrificial structure 230 can be separated from the bulk semiconductor material 210 by a
dielectric layer 236. In one specific embodiment, the dielectric layer 236 can be a silicon
oxide layer having a thickness of approximately 50 angstroms, the first sacrificial material
232 can be a polymeric material having a thickness of about 800 angstroms, and the second

sacrificial material 234 can be a nitride having a thickness of approximately 400 angstroms.

[0032] Figures 3A and 3B are cross-sectional and top plan views, respectively, of an
embodiment of the substrate 200 at a subsequent stage of the method 100 in which column
trenches 240 are formed. The column trenches 240 can be perpendicular or at an oblique
angle relative to the oxide 228 in the array trenches 222. The column trenches 240 can be
formed by photo-patterning a resist or other material (not shown) on top of the sacrificial
structure 230 using photolithography or other techniques known in the art. The array
trenches 222 can have a first width Wy (Figure 3B), and the column trenches 240 have a
sccond width W, greater than the first width W, of the array trenches 222. The column
trenches 240 are formed by etching through the sacrificial structure 230 and into the
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WO 2011/ 071966PCT/ US2010/ 059362 [0027]Figure 23 is a flow chart of
anot her enbodi ment of a nmethod for formng vertical nenory cells in
accor danceWai20H/7H86 t echnol ogy. DETAI LED DESCRI PTI ON [ CBABpEOpI36ZT
details of several enbodi nents of the new technol ogy are descri bed
bel ow wi tdemiendnaerceatenial 260ty y dested tranchadepthartheretdhingdzodess can be a dry etch
manuf act ur i arrays of nmenor |l s. enhodi ts,, for, e | e
v e i ecr iy FeUabpTR IRt o oS el he SR e Lot S ATENE
or other tetpRS D0 BRPPoYimadTRYYal a6 lthes daprtd o DiHaedirag @rncleR P2etadd peripheral
conponents are manufactured on _and/or in sem conductor wafers that
can i ncl JE@CE@@QSEH‘G&TM"%‘HE??% es upon whi ch and/or in which

m croel ectroni ¢ devi ces, m cronechani cal devices, data stora

el ement s, [0833]i cs, Theadbsipict200dsppoaent of piflag 260 Haat pf(éf&ieweétécagglwn@fés for
fabri cat Eor. | :
(oo N PR YRIH et Whis Y diadizas RO SiMlgrehos ™2 SRR the

i mager s, pillghts@nRefeirring tdiFigles 3A| Bsjduahgllat 280 ciypemdoh seleicbmstor anst

be constrycted o em conduct or fers.,. A thou n f_.the

orbodt mere o wedult rBRAEIS PR Tt SHE e b AT PO o e
t hat haveemBingg Ri@shs Of tdfifsd andidIehd §a¢AB&ialohatdAMi Beandenyf atk Us@HdeN
ot her types of substrates may be wthin the scope of the new )

t echnol ogymiqepducirrarosts &Y speach: inelpdepripewime mostions 250peamigiirmeditp SEbigy
can have i1 feneni: ; L

Those desarPray bR GLIRL ki GHIBNPS, R bk B RERINF haltla10 o
art, t hertkf boteom ol tht cdemotrdnahgs 940inder st and t hat t he new t echnol ogy
may have ot her enbodi nents with additional elenents, or the new

t echnol 0d903Ry haThe atrineof gldre Abdreant s adahpalin agewelitglof odwd (Mg, ReatcUraad

shown and described, bel o .th, referen to Figures 1-24.

[ 0029] Fi gaﬁ it & e oo s &Hf erbsaPHB R Pgllﬂrsallwﬁawc‘&fbem&ffmm
form ng ancipbihadbyohe BRADANL OR] biSthé RrACGQLERNRS, Mdtthe t18mb LSR5 arc
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rows and spaxedrapert (fsimp ekehn etpr byrke pecondmgdihr W fodrihe golbmantrenckesbadls ate
of a bul 1 for. - i al., |._pL]:kan i

cacri 11 ottt bed HHSE R TBIEL, B et KhE¥TonP Wide: HEKEICA basog
sem condupbnthephiskndsoofre comiuctimezatruhitesd suchothalitbe casuliag esndaktivaenghtd lives

sacrificial gcap structure can be pn_each of e.sem con or. posts
e ot hsamp iy, SRl et e R ar e 2l TRE Bt Vedpb el
the pill ahs b HsOMan 280%.of ARGhIcRAE BOhE RBtHELiVY/ EatdMbRrikl, BRBthE REQREK width
130) Individual gate lines extend along a col um of plflars and are

spaced ap¥r of the spluaartreashasidD san be graaist fhapi280%. ofphe Hickness df ithpeconductive
conpl etel y..s nd I g ] t 0, 0

cor T eapori P EAHT AoREiecR AhuddifrdE The SUEHENARPRE o HOMBySa00%
further ignctardesn thethekhess of thercembretinggatd/Baterial.

2011/ 071966PCT/ US2010/ 059362 the sacrificial cap structure and

t her eby f[0038] ng s&lguraldAg6ieddlpenicmsditieats of XRoabstatd 200 P QilistQrenDitages

correspondi ng sem duct or posts (block 140), .and form ng i ndi vi dual
G el - borf R mSot {9 @gvﬁeﬁé i e %5&?98%@@“9?%@&0@ RPL U .catncsively,
connect eqatOfpAnkSSMNEEIRE TS HRECHTHE aQbc i dedi B 25BQlong the sidewalls

[ 0030] Figures 2A"and 2B are cross-sectional and top Bl an vi ews,
respect i oé|the piblarsadf0. The first dielectric liner 257 can be formed by growing an oxide via

oxidation, and the second dielectric liner 258 can be formed by growing or otherwise
depositing a thin blocking spacer material. For example, the first dielectric liner 257 can be
an oxide having a thickness of approximately 20 angstroms, and the second dielectric liner
258 can be a deposited TEOS having a thickness of approximately 50-100 angstroms. The

first and second dielectric liners 257 and 258 are then spacer etched to remove the portions of



enbodi mrent of a substrate 200 (e.g., a wafer) at a stage of the

met hod 100. At this stage, the substrate 200 has a bul k sem conduct or
mat eri al 2WO 0H/JiAse 2A), a plurality of shall ow trenchPGTEEA2010/059362
(STI) structures 220, and a sacrificial structure 230 (Figure 2A).
The STI sthe lisetsronsthe & efahe pillas 200rangd in thanbitos oRthe cplminptenchds 240. The
trenches 22 a dielectric liner. 2 lining the array,and,peripheral
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of the method 100. Figures 4A and 4B are cross-sectional and top plan
views, respectively, after formng a first dielectric liner 257 and a
second di eWecMiEN/E16ner 258 al ong the sidewal | s of the PITUSOB/025062
The first dielectric liner 257 can be fornmed by grow ng an oxide via
oxi dat i oninteamddinteesesionmne 2360 io€ Itlec saniicorldicter p@E8252awhbe themmd dates will be

growing o W se 0Si i thin ocKki ng. spacer

exanpl e, {(’ﬁme‘?| rsP e éjél{l?r}t {ﬁ? tﬁglfneﬁ% Sﬁerﬂﬁ L pBB?}oﬂi‘én’Eg\? ‘ﬁ‘@éeaz §and
t hi ckness24%is alar Qa0 Aals@bts. Zﬁlsadgﬁ%ﬂ@fﬂ%waw thRnBRHAAGo 08I 262 bikide a
| iner 258 can be a deposited T havi ng a thickness of approximtely

50- 100 anﬁ%%nrsawondw@rfsm 3¢e f%@’“@‘@éd‘rﬁﬂ%ﬁ@?@@? 2% Ther@fesdlelsqmaﬁéﬁ cmde
are then g (; f ShedEtndI % é(ng Hﬂr?g@e Iltlal?&nga) §1c,08S0tRd; su1¥¥’3 e ?ﬁterlalsl "ll“ %orggrﬁ

2011/ 071966P US2010/ 059 iners on’ the to

and in th@tbogat@rdu@éctmm%iml thermt¢rmedievesctimd 2561hef thatm@t@l 262rdeﬁmerﬂhla@ate
i ncl ude ap 1actl roceﬁlure to re-crystallize the sem conduct or
mat eri al . ﬁﬁ% 0 eIF'C ?)Igccé et chi ng the first and second |iners 257

and 258, c i ons re for .by i mpl antin desired . .

i mpl ant s@@‘ﬁ]e i Nt ?Sh%“g‘%%l USiEals &) E Bﬁsrlﬁéﬁee?‘fbéﬁ%“?fé 04t aymgiallization
bot t om of stidhe &) MéMod 1R CHIBFePLIA and bB a@éfbé%eseétﬁﬂlhpﬂgwgﬁiﬂen I;lgﬁg lines 9A-
exanpl e, can be an N-type species. Figures 5A and

cross- secih 8nhPOBARof 5’@“& vihgsmethed futher insludes é¢p0151hleg @ubsdlrca‘we gate
200 at a g é’tgﬁfﬁcﬂ;g o Br;h%%ﬁﬂérg 2\%“ @n?tosc é %e%%%gd”égr%mnss PE ?’l n%%gour glgas 222

source regions 0si ng ant erra
such as NFigu&o9B)omnd The colbra trsr&ihe:cM(N(@[gnré QA ETHR dgaetradteisd] 270 hakea thickness

During t il ce e S the pillars_250 are
ot a8, & o ik 90 Su RS phlF Rk e W3 B gy oy et S causss the gate
sacri fi cimdterde0 k@pindB4rrQf inkdI@ e B V(F%EW%)MF thIffJ%rtwﬂs B%%%e 228
netal can be renpved fromthe silicide 2 W etch or other

t echni quéctvwgsa raws Rf Rillarst 350¢ elhici thisknesad ofethe @ﬁtﬁé@m«tr@l 23 howsver s witde
262 10037 ' |
Feapect | vk L Spat RERRPLAbRL B R M B5%nLPPP) ARGt

i n whi ch Z/Bearcbd lantalun entlees othdDsabicindtdrats. Wi t h an oxi de 248 and
then pl anari zed using a chem cal - mechani cal planarization process or
ot her prqoeds t haFi@t-foiD@ ina ctdme-saﬁio@ﬂms\aqnﬁsfnhﬁm@bmta@dlﬁehtaIonBAswstrate

t he sacrlf ci al 54. The x.id .248 at fills _the_ colum trenches
240 can BA0EhA SERBE ég tigfhodp 1D @9@1 S’ﬁ% ngs; 372 framad from the galgrralerial

222 of thgoSThe itk tiabsR aegﬁnnw By %ﬂ?ﬂc@r aiding Be SRMASRPSHE &q%ﬁgs $A90)

silicide 262 protects the silicid fromsubsequent gate o tion!:
[ 0038] Fi guitikthc zamaiging| pogiéans £ dhe gtyo diaterial 879 farcahgiit atofnaneals ttage@rmdlate

th th t |

Ueve | r SLeibPasdy (MEEE s LfoP B LRI ARG EARSE 282" TR BncRr et S RIS ety
sacrifi msta;ha_umgh@omdd: 2484 thatottonpof the oslunih mmeMMEHo%Se@B&a%&he dire
To°he ol S oSl o Db AR SR RIS
sacrifi ciggle @b i2ah réd4n@ndihk Fb%tt@ﬁi'o@@% sy ﬁé}féhe%ﬁzz%&% tﬁ@?};ﬂé oD

the sane process. The oxi des 228 and 248 are accordingly rece
rel ati ve Bagh migtal gptstlipe 268rap¢cz§dnnglffec@nwﬂet@l1néu@@mds drecesstespongvgtiste@bliate

In one e f ti.ons of the

oxi des ZE%QQ %’[’ Ofttnggé ?Qg@ﬁ%ﬁ 78 roms IHF%S?S?FF%%F gs tfhﬁc?a@émes
are cr osg7zemt opvioadl saapdntlﬂ{hesph@mnmhg\aﬁ n-tiy B resldnit\o@ loyher ispdciistintatthé Gistal
the substrate ga% afurthr stage in which nore material is
rerroved ]{)Plalﬁtfl% ¢ of the semicon uctor posts using an angle implant (e.g., an n-type lightly

doped drain).

[0042] Figure 11 is a cross-scctional view of cmbodiments of the substratc 200 at

another stage of the method 100. At this stage diclectric spacers 274 are formed above the

8-



oxi des 228 and 248 and thc sidcwalls of the pillars 250 are cl eaned.
The remai ni ng portions of the oxides 228 and 248 provide a dielectric
spacer bet W@H1/PHEISouUr ce regions 260 and the WO PCT/US2010/059362
2011/ 071966PCT/ US20101059362 i nt er medi ate secti ons 256b of the

sem condugtlt@rhnpﬁ)@?% 4eR heidewhlie ofideapiligat2ss. Vi diblecttiorspridrs 274 efiCbe
enbodi ms\ntf(j th| c ness af the r emai ni portions of the oxide 228
and 248 is g §Jiglenie mpysHalavst &U@Fa@w&ﬂ [SRAcEH cteliee the dielectric
seni conduﬁtamam&teﬁlozéa fwnﬂﬁbﬂz%nﬁll oF BARr SN S

formng a_gate dielectric 265. The gate di elﬁg{h?:é‘gﬁf%%% ggéna‘%gecir@rsﬁeﬁfrs
of conven?lbrial example, cpit be pAdirife e ietplativgly ctphalde nelativsup ttbpae diclectric
o oy 2Tk RORLong Rind oAU AARLSE G LED 21 the

i nternedi ate sections 256b of t F11e" t he gate

dielectri r th Y- GE 0 res 9QA-9C il lustrate
enbodi nent s %If thglg&gq?r%t%eéré%@e& gl %ﬁ‘ﬁ q?IL% F}QSWFHS %‘thﬁéulbqfrafter?é’o at a
met hod 10@1bsd@1mgmrme91@atamdu&8 chp@ﬂﬁfg&ﬁﬁoﬁ@@lzvs)nﬂd thél Pk porltons o@'tlfénzg“ray

| i nes 9A-9A Fi gure, 9C. The nethod further includes
deposi t i ntée“ﬁﬁ%%ﬁgd‘& 5\? OB‘é’?"gtrer’Fﬁ]E‘eér%ﬁ'Qi The oxidg &78 ¢ande planprized to Bancueda) an

into the sweessed opMd bans29f aﬁchg)/{aﬁé q_é(rtﬁﬁse&cmﬁéat%%ﬁelf:fg%ggﬁ off @ép apd.e

the columm trenches 240 (Figure ate teria
t hi cknes Sremapmgg@p@oga\)ofsmg hﬁnSha@crtﬂwl stmtblhzér?.ﬂ r SThewpbihirizionfprédedure

t t 270,
i o sectang 8y iy T bR bF st Gt e efilaver Fhamitnou
bet ween rawsadditiopil blantslitBdfaphfherotdiueknesas shcifiné Repdad %offﬁﬁl@rdfqhe firs

270, however i,S_nhot thick that it spans the | arger second w d
W2 of the® %bﬁ%ﬂ@%?&h?ﬁ%@"%ﬁ@ Iﬂﬁ*ﬁ@ﬂ@‘éﬁ@lﬁ?ﬁ%ﬁtqr&ostﬁg? eransqi%almn@'émahat

nitride ofsephiaRrphotiltiRRBhIRIRELAL Sot ﬁ&@é% %’1?1?'[ %:Qttérﬁ cgrresggndl%t? the

cross-sectional view illustrating enbodi me e substr

a stage OFPRSqdPRECRLY thobrst scyifiviehmaania 282nes 272 are formed fromthe
gate material 270. The gate lines 272 are formed by spacer etching
the gate [Ad4dri al Fizpee (lgl igur erosOEcO@al wiew |ilhISh'et1n‘geafﬂb(FﬂlmgntpQiftciub{équ@ft

the gate Q near . inte di ate sections

256b (Fi gure ﬁé&@m‘%ﬁg gdosed) °ry%n&l?t&“§ fir 055‘8% S natepial, T are sclegively ofabad
sel ect i vetlytiwt toph@ﬂxfdble?@l@ fem24B-atipnddnép bRl 080 @Lfrecttl?%vﬁloihk' r&i‘fbtal portions
channel Sﬁg 0 However,, because the gate material 270 conpletely

filled t HEO%PE SReFRoRfingsemiss U&E’E\megﬁ 253 The ﬁrssz@@rlﬁgzab@pnerldrmfls fonmed
gate mat fokdh rdaAidl QH@'1§'%elb&lﬁﬁgreg%ﬁﬁmrg%tl&éq%Z@% ro§¥deti J}ileﬁle 1g1ectrlc

between the pillars ) tal gate [ine accor
conpl et elSRRceuZ Fbeiitdisthethibe self-ebgnsd rpeniges A% ranebti &irmed elu‘ect@new@&ﬁé)d@fal

t he post rs.,25 After .formn gate
| i nes 27 oﬁ%ﬁs %épétal%g A S%%%m?c%glpﬁgejé QWHBPH 3vig ta Align ?R?B’é‘%? H“Bﬂ AT with
ot her spduiestsiXizdephe rdasktpﬁnbtogﬁltﬂ:m@dil on 2RE%af td Rve PBRESNSLAEP With the

posts using.an,angl e inplant an n-t pe I| ht|y doped drain).
[ 0042] Fi § E’ﬂg%) Aninstyge oF ggr §%?6tqsdﬁa|be\}m\1/9 idigalt portignst356c of the

substrat Qer&@&lcﬁ'&toﬁﬁ@sftsl"%Z t%tiﬁﬁﬁ dffin Fe@ﬁmg@%f'o%é%m f%%lotnpb@ e Hordingly

di el ectric spacers 274 are forned above t
be formed by directly implanting the implant specu::s through the openings 280 at this stage

of the process either in lieu of or in addition to forming the drain regions 282 earlier in the

method using an angled implant process as described above with respect to in Figure 10.

[0045] Figure 14 is a cross-sectional view illustrating embodiments of an additional
stage of the method 100 in which a plurality of drain contact plugs 284 are formed in the
opcnings 280 (Figure 13). The drain contact plugs 284 can be formed by depositing a metal

or other suitably conductive material into the openings 280 (Figure 13), and then removing




WO 2011/ 071966PCT/ US2010/ 059362 gate |ines 272, along the sidewalls
of the pillars 250. The dielectric spacers 274 can be fornmed by
deposi ti ngW® 28110786 ri c materi al over the substrate andEPE2e0/059362
etching the dielectric material to renove it fromhorizontal or other
non- ver t i wabvgbwilat gertiofhef thceietrt fioo shpatmr sf Awedpxiflor278 xamy e, chemical-
be a nitride that ,is .selectively etchable telati to at e

i el ect 1 oaC bR o oS ofieE RBE sttt P2t iR Brlansrarte
240. [ 004@hfsi@uscother duitalile @@l - TRE Uhadh ddntydt Pivge 288 o dé oRiMiHy alask-gs,
substrate 200 at , a subsequent stage that includes depositin

- J - . an -
oxi de 278ctirligned Ealyprsthyore phgredorith Hie samf@ydttqt@rmafés%é-zz\tatgw RO, the
colum tr 40 »ill ' v 5@9—
over bur ene%fes ?fﬁee&b?gg? éy;dgﬁg%%a I?‘%?@{t}h%ﬁ’pag{rd '? F%{l{‘g 0 I%‘%é& g%] lelsqS ﬁe%)iyi’d?
di el ect r i @lla@bgrotort intp DPFCRAM orenther iipe@f pembiodeyicef t he first
sacrificial material 232. The planarization procedure accordingly
exposes t[#@4a]emai Sengalpmitiod omsitsodf thdrmethiod 400 aad thefresultalg sdbetaec200i @n be

| ayer 232 without any additi onal photolithogra rocedur es.

ottt 2o st IR VB e e o ROt S S B ves 85 groay

the indi viditadellsad,C arrdinet Rl RASt Sd2Be @nfict pRIgh; @Ad’t Gﬁt]?éiiit' ﬂhBtoliﬂ?Fraﬁhic
0 a

separ at e photolithography process i s not necessar orma ern
cor r esporidPesgses sray met focTiaently deran Besetfaeture picthe sraallest sizss.allhe specific

mat eri al : Ei j . i |, eV, | ratie
embodi meregaf e S f0b o o BASTRACHOOE Honth ! shlel T il ks
t he fi rstangdaonthdtiphigalto bafoemediivitR@R haviag sefoan tipatty of tithee thergatediney er the
the oxide 278 to form se| f.-aligned _apeni ngs 280 directly over the

i stal poPPPEL B e ol PR BRI G S et P gt 055 fhifgan be
first saGhidce@ivg! pHoRsiRhdgdphdfy ipattérin@eebrf safllafciEs! bl ist IR rddices the
sel ectivel ¥ renovabl e relative to the oxide 278 and the dielectric
spacer 2mdiligafion of gapensive pPapRthagraplyequinment. nffaereior, sayarabempaestiments of the
directly i [ o) i Or: NOST .2

w thout " e APt Sl BO0h 1AL STl BEPRE MO PLCL ) Blse ot
a mask photrorpatitser ned on the wafer to have openings aligned with the

posts). An n-type or other species can be inplanted into the distal
portions [866¢ of BSbersdembodinthnetdrthyartind2DD 4nd tho substlitai200 nBgipPadde a

282. The drain regions, 282 can accordingly .be forned by directly

Cpi ant | VS PHPAAI S B R HE QLHOET P BBy e e~ TPS et
of the prRCess ligkd DB surfuhd eié BernPEdidtd s@d@hi 2oL SOmhE QEMIcBRIIRE pdEdis2
regions 282 earlier in the nethod using an angl ed inplant process as

descri bedlagacelugn of nidapadtq, thegsjups ¢f igvareedileakapoouBpkisefial eesistpnicgalgng a

cr 055 S ARt M) LUELERLL N0 SORORIERL S, el aB0efidlgnal st age

of the ne I n whi ch a pl urafi n -contac ugs 284 are
formed i ﬁ‘@ opepi_ngs 280, (i gure 13%. The . drain _contac | u 84
can be f 396 E by gl % it %29(11;“5%%? &g ogt%lgf’helé ﬁﬂbﬁglfnfnm?%dﬁecf'%a“é’% 100.
mat eri al Figire 16hie D peni-agsoB0/iddithtritlustdlcs aREgt emctamdy afig thWQtages
2011/ 071966PCT/ US2010/ 059362 X X i )
described above with respect to Figures 2A-9C. Figure 15, more specifically, illustrates a
stage of another embodiment of the process 100 in which the gate material 270 has been
spacer etched to selectively stop on the gate dielectric 265 and the oxide 248. The process
illustrated in Figure 15 differs from that illustrated in Figure 10 in that the gate material 270
shown in Figure 15 is not etched to the same extent as it is in Figure 10. The stage illustrated
in Figure 15 accordingly forms an intermediate structure 302 for forming gate lines that

surround the individual pillars 250. In several embodiments, the gate lincs 272 completely

surround the individual pillars 250,
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an overburden portion of the netal fromthe top of the oxide 278
usi ng a chem cal - mechani cal planarization or other process. The drain
cont act pl WE0RIBW1966 or exanpl e, can be tungsten or ot hétCTHUR20195%362
nmetals. The drain contact plugs 284 are accordingly mask-| ess,

sel f - al i gl¥@&9If eat tBi@s’e tlhas a aross-sdctigmed driewi tlhustrdiieg serbodioredtsct @rlatpx)sa@ in
252. At th oi n e ructure f each r, 250 defin me

cor 1, ancpan B Py 3R T RpbHE AR & o &R Rl pB iRl ol Y
into a PGRAM ar oadrhgteel portivh & roxidde308cie . remn46hsh]Y & c@émical-mechanical
enbodi ments of . the nethod 100 and the resultln%_substrate 200 can be
used to fRIPRATGEEPIGRAITC QF QbRes DERseHt thakTiprsyorc e tist sagiiliciglrmatpigal 232. The
smal | est Ife%wﬁﬁcéatmaa&sﬂﬁfgmérﬁeveg SokioRs oM Egte (ARl 96b iFGS ttﬂen%
t he contact plugs, and current photol |tho graphi ¢ processes nmay not B
abl e to efuffacd enthk yerhainimgtpodsms fof dteufiss saatificialemsieahl 258t insiligesent Thieh the
specific eﬁbBE 11@ ngthe met hod 100 shown and descri bed above,
however, P %% gate |lines and contact plugs to be forned

wi t hout gt attern af |ther t he. | i nes or the,
Cont act APUE0 us i FGEBh T 4T T IO EBMAT vt LRGRITG A ear s el e the
process %ﬁq@fnﬁlgtﬂwﬁor@ Y t&qirkmMmamjyat@mm hie R8s wRM dndtteYegions over the
patterning verg%snall features, but is also reduces the utilization

of expenghlfes gabtofarmhsralisnsd eppringsahd alimedrwith parrespengdingapillars 250. The
embodi merg s Obfl0 ARLHAS330, BQgeit?&Qf%érrr@ﬁﬁve%osQlcPEﬁY 'ﬂ%ereﬁlafﬁﬂ'%t portions of
effective process for fabricating cr oS ol nt nenor

[ 0047] Seube ghteedibloctiineXét sreohint imtact’retfhmnle ZII@Ols aanckot;shecﬂmt‘(ai; tviemt ¢haP Qhows a

al so provi a structur t can.address of her concerns

cr oss. polHE AR PEEAl 1 Bich Ak eGRi portin S bE e TGGIE Phee romaved to
surround dxpésel tt UighR Potidhs IB6E 0PN MiBorlictbN Boste BT ONUUGLOFoi RO Hsired
252 along a colunn of pillars 250, the issues of reversed | eakage

current, B@RnBIPCrigs Fa beriawlantesrigoghe disahporaenss 6| ofthe seavcongytor posts 252
current l,ear e expected to be mtigated. [0048]Fi gures
15-22 |Iﬁg?%?%§gﬁgt é%émgf anot her enbodi nent of the nmethod 100.
Figure 1 a cr 1,0

e at AP or TR BF o008ty bl B it il ELEehelt Bt nsiudes
2A- 9C. FIrgtﬂOﬁnQ,E poronhef shxeiatefmedibtt gtrudthre 362 tafees the RidagduadpatatiotsER at
enbodi nent of th rocess 0. n whic the ate materi 70 has bee
epacer otbhRPETEBIEEI A1 SO s B G T RePie Shsetn e
oxi de 248ye fiRe@bREEHS they bigt aée@ch bt flonObER tﬁe‘Sdﬁm‘ Ifegfoﬁs hepead BRtsource
illustrated in Figure 10 in that t e gate material 270 shown in

Fi gure 13cgiansngél. et Hisetnte dinche73 ateo syrammnel the intermediate spitipns £56b.of Tthe

stage il

struct urebl@gcéﬁ#&%r g?t‘l‘;?%‘[‘lg%% e ?r&%g&ﬁ %g‘ltdsr{]f?éggﬁgﬁ he [ ng‘a ggcg\uaq above
pillars 2&6 respecisteFeruad 1@&nbodi nents, the gate lines 272 conpletely
surround the individual pillars 250. WD 2011/071966PCT/ US2010/ 059362
[0?49] Fi q0032] 16 | Elgareﬁrzmsxz s&g&rbwbtlotiagw&eh{shuﬁiéfaahg Rgdigioi dkagenbos tiak
a later stag i C oxi.de 8. is deposite 0 e qQpen
portions g et 8 dismeitodn e gaeﬂumﬁte@ ﬁ.sgaggfra@r Eﬁ %Q%Cf%wmwédl is
portion @ftpdshed 8x 'o%n;?’lgg fortnel GADUE duBsehRD 0. C@ﬁénd&?écfrﬁeﬁa@é?' 8l can be a
planar|2|ng procedure or other process that stops on the first

sacri fi cindriderané thicghickgss ofthedickentuie spacpr dldewdn be seledet imfrﬂgchsl gammheasthe
portions t I ri 2 he.t o

remaini n&gtﬁoél fglo‘?\ag rg?es§ tg% e %gel’l ??:7 %I %Hgaff’g%fg[ tﬁ%‘? sipacea{le?célHWetH?

Wi t h the dightig shaedr 3pi kd @d’p&be&ﬁa draﬁrﬁﬁﬁﬁhfﬁwrlﬁoﬁblpec&ﬁ@llgf 108 dickRfic spadk

view illustratijng subseqﬂent stages In whic
311 can be spacer etched to form dielectric spacers 314 above the gate lines 272 and along

the sidewalls of the oxide 308. The drain regions 282 are accordingly exposed. Figure 22
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remai ning portions of the first sacrificial material 232 are renoved
fromthe regions over the pillars 250 to form sel f-aligned openings
310 al i gnegownitv7ems r espondi ng pillars 250. The first saamisowiosdss:2
mat erial 232 can be selectively renoved such that the remaining
portions itlhistidi® thabebsHate266 fat b GutdbuehesBdeNiniwHigC Eontdck gltips 288 ateSfoned in
cr oss-secLi onal view that shows a subsequent stage in which the

remai ni ngpBPYIREE SVHithe H@ingagienti®t ectric 265 are renpved to expose
the distal portions 256c of the sem conductor posts 252. At this
point a d@@f&l ed i fpuwneldpachlex cayn oba mﬂﬁbf"éﬁpgcfoﬁ frrminghen airay af vertical
portions f e: ] C o] I i on

D82, [0SR Rur el gt FREGRRRLCLAE BRMGE indhhr PRI HchabBE. " one
subsequenimistiagmt.t thatmdtind 4emclidoniormmgaa plordity nf pillatshibldchtdOradivaick

structure 302.to0,form t.he Jj ndivi dua ate. lines 272 at the )

it o mod et pulap pesc SrbGe Ot st Al pSicy! S8 Th e g esesd pgws

The gat e dphdt@Spad By @&&N%%@%ﬁﬁ%ﬁﬂin@%a&@@lyar@f}ea &ﬂ@ﬁﬁgpr%n%rmrg&maﬂ the
an

both the drain regions d the source regions 260. The gate |ines
272 al so Teuripsting tThe methed ABQican durthse tichils PBBIDE PuIChaCEeR Hoh tweimsl

oscri bed“aBovd G (R EIRAR PR RUNT o3 MCsbieETndtdfy TRy tiney tu

Cr 0ss- seabimpluly virensidi dnl ingtmadiate geatidd iof ilen@icndgesr @fststiniascorresponding

enbodi ment , of the. et hod jgure.20.illustrates.a stage i.p.which a

di el ectr i°8l%8gpllg§ﬁ&?%°kd@€g‘si‘§@ﬁ Brmgeqas wpeelinesy ‘h’@glgaf”ﬁg‘i‘mcaps can be

substrat ae@ébd Jdnetidelo! @Rfdu Cfoﬁﬂﬁﬁﬂ% Eﬁ&é—pﬁ@éﬂn RRrRspgonliinb A8, a qgaﬂerﬂ}g the
e

t hi ckness of the dielectric spacer 311 can be selected to fill

gaps whersacififial Gapsengdihaaebyfagning selEgkigned op¢rorgnaviica distabpartiprefl qaglpof the
Figure 21} tehl iel X .
expose. ¢ igrigplilcidt pBts PHAGELIOS, I Alebd RpPhedRE A o HRGRE gt edifhcss n
spacer 3ile selfralygncd pperingetichad thctrioaln direkecd to cosppordisg Iddicatnmr
the gate Iitm@i%é%% ?nd al ong the sidewalls of the oxide 308. The
drain red®df e accordingly exposed. Figure 22 WO

2011/ 071 /1 US2010/ 059362 .i | l.ustrates the supstrate 20 t a
subseque ﬁE@{ age FP%}i‘ec EPTE%’Fﬂgadtt Wbl[ 3@ §PEr§ﬁ‘at_§a éE?to"‘rPﬁ%‘_gc ieﬁlqu’a]énems of the
openi Ngs iA%@fiod Afvelicdh RedcBBELRSeid88r pv.[r?&@?’])ﬂll%’tli‘a@ioﬁ?bdtswe@lﬁdow stdlathtes

of a nethod 400 for form ng an array of vertical nenory cells in
accor dancad fprcHorhbave ot bedsotiowarar deseribhd in eethihésl avpjd uhpecessarily obscuring

enbodi nme t ' 3 i i il

(bl ock. a5 PRI b AL SR WD FBlclildriohs Blrafly 4fhfar o
sacri fi ciphlraldeqms ridyealps inchuds therpdural sresiigpaibr itermr easecapele e Morpmet, ublesathe
row spaci ng,and .col uims spaced apart by a cal um spacing | arger .t han
the row SHRGT g 15 THESNE: RBRFLAOGTARPIH sHEl oAt PSR T fty SbtiriEas

regi ons aéfeRnd @4 IRbf FROGIH0R itehBEh&E He GOOSIUIGHOH OISk Fist(iDkPbKinfbgRbted
and form ng conductive gate |lines that conpletely surround an

i nt er medisatiecledieg i(Hnanf sipple isawiie dhelliet db) plbofsthé rtemscior the disbrati (¢y any
col um of._pi 1 Af L er ' | | i t

acri 11 cicabiskBiPo e Bt SeRb s ARLGBRIT, 89 D cBRbfuhE Jued Hbughou
phot o- pattd ercan ¢arudimpenidastghd ceced Satved(s) @ith thue ana@rdatar cinalbecapthc amtle
t hereby f.ormn el f-aligned openings over a distal portion of each .
ot he s ETUBAIET B0l BTCh b RIS M et o dosbigiebi i enton i
i ncl ude f@f ivhildl Skediths 69 Heashsded clafigs. sel f-al i gned openings that are
el ectrically connected to correspondi ng sem conductor posts (bl ock
450). [0054]Fromthe foregoing, it wll be appreciated that specific
enbodi ments of the invention have been descri bed herein for purposes
of illustration, but well-known structures and functions have not

been shown or described in detail to avoid unnecessarily obscuring
the description of the enbodi nents of the invention. Were the
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CLAIMS I/We claim 1. A nethod of formng an array of nenory
cells, conmprising: formng a plurality of pillars conprising
fabricating a shallow trench isolation structure having array
trenches and an oxide in the array teceamgs, form ng a columm trench
mask, and etching colum trenches in the sem conductor material that
space apart the colums of the pillars, wherein individual pillars
have a sem conductor post formed of a sem conductor material and a
sacrifi d{e c@EP' on t he seni conductor post:; form ng source regions
bet ween colums of the pillars; formng a plurality of gate |ines,
wherein individual gate |lines extend along a correspondi ng col um of

pillars and are spagethodpdférndin®am may@fsﬁ@ﬁ&?mgn@@um@ﬁsihggi ons, and
wherein each gate |line surrounds a portion of the sem conductor posts

al ong a col udemyng pi Inlerekity & |példars \eemprisingp fbnigatinge asshdlowi deagh dsghation

and thereby formn el f-aligned eni ngs, t hat..expose_a t [td on
of corresponding SERTESHTAIGRTPOSTEReLAT pi PricR o RcrImL ey fpmfine o
contacts in the sebhmdl @A RRRNIaNGSettlag ANEnE!tRGERCA ke eaniteRdREbr
to correspondi ng sem conduct or posts. 2. The nethod of claiml

wherein forning t meatgsidl [that spacsrapaitskes colutn ohtheryllarssWhdreiovindiviswghpillars
i sol ation structu:hﬁ havi n .arra% trer}crﬁles nd.an oxide.,in the ar ag/d
. \é i fo jand a

trenches and et chifAY CbISERFOR AN, 95 8E A SERIRRT O Halea
transverse to the sai{ayalche s BRSemiconductor post;

forming source regions between columns of the pillars;

forming a plurality of gate lines, wherein individual gate lines extend along a
corresponding column of pillars and are spaced apart from corresponding
source regions, and wherein each gate line surrounds a portion of the
semiconductor posts along a column of pillars;

selectively removing the sacrificial caps and thereby forming self-aligned opentngs
that expose a top portion of corresponding semiconductor posts; and

forming individual drain contacts in the self-aligned openings that are electrically

connected to corresponding semiconductor posts.

2, The method of claim 1 wherein forming the pillars comprises fabricating a
shallow trench isolation structure having array trenches and an oxide in the array trenches and

etching column trenches in the semiconductor material transverse to the array trenches.

3. The method of claim 1 wherein the array trenches have a first width and the

column trenches have a second width greater than the first width.
4. The method of claim 1 wherein the sacrificial cap structure comprises a first

sacrificial material and a second sacrificial material, wherein the first and second sacrificial

materials are selectively removable relative to each other.
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3. The method of claim1l wherein the array trenches have a first
wi dth and the colum trenches have a second width greater than the
first wdth. 4. The rrethod of claiml wherein the sacrificial

cap structur coO | Ses I’SI mat er
T aot I s, QPN b iRy D 3erdit e B ol PR hR 8 other by
mat eri alggra ?&@n&%%@ﬁ#e\éﬁkh{eﬂlﬂﬁ‘f@‘éﬁ@bﬁllﬁﬁ'tﬁhbl‘{@. to each other.

5. The nmethod of claim1 wherein the pillars are spaced apart from
each other by array trenches between the pillars and colum trenches.

6. Th th f t h t
Geposi t1ng. o et o ErEeRoh el Sohs. L RERenBehitg e e Lbrmeieh dfwsione o
such t hahethinentdBhe! are9"RéRWE] ién@ Utﬁé %ﬁﬁ!ﬁl QPenl:l%S§ucﬁnthhmtl?er Rt adnpletely

section of each of the posts, d wherein the netal deposited into

t he col wmouncbnﬁhbsstdmesntnmwsmarsed:titm ehtehele ofiithie Iposth, aink whekaimrthe metal
trenches f claim6, further c ri sing spacer

et chi ng JeAsitedindp ther%sﬁl?ﬂm&e%%&ﬁ dpesdiof prandheeiire RAEB T e ol Rahes
netal gate structures and the pillars, spacer etching the dielectric
spacer material, filling the colum trenches wi th an oxi de, renoving

a portion of & he (hedeethad efkgaiges, pt‘orthérmmmpﬁ)fsiﬁghpa@aerchfnigcthamem,ﬁhnninga
and wherein selectively renoving the sacrificial caps. corrprl

sel ect i VRFIGCtEE SPACE) mataial guey ?hiecmatrﬂ galp stipeiuegs;apd the pillpes, o%?ﬁ%f‘é “etching the
8. The 'E‘?él&‘?ﬁcg ac%% fHa 1"i’hﬁ£ &H& ém)ﬂeqabés%?% Eﬁ?\f&% b% oving a pogion of
. e met 0 gdl r% "7f

cheni cal airl zat i on. d
further toopide sb regposmppc&nbmmgf thedyaatificiantapsa ahd prhpeid Iseiactbffelyemh’(bvmg the
sem conduct or post before form ng the drain contacts. 10. The

met hod §RerHicil ﬁmis comprispetelechiply iciahing the paseificip] Fapsiralativetg the emiden
into a distal portion of each sem conductor posts through the
sel f-al i gned openi ngs. 11. A nethod of formng an array of

menory cel | s,8. conitheshéiBod 60618 Y whepdit! fad datide Bireblddl s cleaiTPdligédhgnical
fabricating a shallow trench isolation structure having array

t r enche®laAdza®noxi de in the array trenches, forming a colum trench
mask, and etching colum trenches in the senlconductor mat eri al that
space apart the colums of the pillars, wherein individual pillars

have a sem conductide mebd fd7 ¢leich If farts@NedhRsHiG! ShplBRURY hadra@Nfhid a top
sacrificial cap on the sem conductor post; formng source regions

bet ween PeBiomrpisalf setheongurtionpest bofees @mmgdhmiwgi edngacshur ce regi ons
conprises inplanting an N-type inplant into the sem conduct or
material at a bottom of the colum trenches;

10.  The method of claim 1, further comprising directly implanting a drain into a

distal portion of each semiconductor posts through the self-aligned openings.

11. A method of forming an array of memory cells, comprising:

forming a plurality of pillars comprising fabricating a shallow trench isolation
structure having array trenches and an oxide in the array trenches, forming a
column trench mask, and etching column trenches in the semiconductor
material that space apart the columns of the pillars, wherein individual pillars
have a semiconductor post formed of a semiconductor material and a
sacrificial cap on the semiconductor post;

forming source regions between columns of the pillars, wherein forming the source
regions comprises implanting an N-type implant into the semiconductor

material at a bottom of the column trenches;
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-14- formng a plurality of gate |ines, wherein individual gate
| i nes extend al ong a corresponding colum of pillars and are spaced
apart from correspondi ng source regions, wherein each gate Iine

ourt ound o BESE HyblF, 5P TAE DS PR AR et S T o

col um trenches Wdoﬁeﬂfbn@?ﬂgdéblu@hqfﬂ ﬁﬂlaltsh&ld))éi'dj@pdc@d tapgrt 3 drdYcorresponding
trenches and the colum trenches to a depth spaced apart fromthe

source regions, JdepBsEt regons, nwheein rﬁaghtﬁetearlmaysmrr@mdheg apdionhef the
col umm trenches such.thﬁt t he net.al 1”3 ﬁﬂrraﬁ%&wgnche but tglgest
not fill the col ufi 58 %%POSEn?JO%%3c98 PGS FIgIm 105Pg Ry Spte
spaced apart fromiRe Saphdck i the @Qﬁlmrﬁl?érﬁ:ﬁéé Wih ¥in 'bﬁfﬁ@vét&ﬁng bR oxide in
sacrificial caps and thereby form ng self-aligned openings that

expose a top portitbnawhy uemolﬁespmd]mmg)lmemtmnhhsdbar depdls siggcedvapareifiom the
sel ectively renoving the ssacrificial caps conprises etching a t he

sacrificial caps \ﬁPgWSJFgIBﬂ%t‘i?PB%“E‘%raninﬁﬁll ARaiR A nireeney weo?&“mn
openi ngs COfreSpOfiféhBigesfsﬁcH &t e hiedfl TRfnd B?ay%?énch@é g 06Ek RSN tAYSolumn

and form ng individual drain contacts 1n the“self-aligned openings

t hat are el ectri catenghaspmanécipeckrt eicliog rtes poetdi iy asmvebspmtadtapartpﬂemsthe
12. A nethod of form n array of vertical nenory cells, conprising:
formng a plurali F@C%?Ch’@cwsars wherein each pillar has a

sem conduct Ofge @&%elﬁ%@wﬁ%ﬁ{é dchikah CaR alﬂngle%ﬁ JG%@]HE @glfféiligg%(fe gpé?ﬁx?gs

arranged in rows space y a rowspacing a ms S

apart by a col urmt]sqta@apnga laatopeportibaroft teraspmmdippcemgpndupton pgstss ouherein
regions at a proxi nal gion of the sen conductor, posts; form.ng gate
[ ines that surroufBIosHSIPICaIHEN the sacadicial SrpsPoPRsCx ks AYAE g acriicial

posts; sel ectivel %a}Fse”&Mh&ﬁ Sto ehlin g & nGARS JHAMPS | éétﬂ:gn eBthfg@nngS

away the sacrifici caps w orirning a nmask correspondi ng t

pattern of the sa&onésmnahgwm,paﬁérﬁroélﬂ)e detfratighed sidnings] argned
openi ngs over, a distal, portion of each of the sem conductor posts;

and formning dPEHAS dHHY‘é‘Eﬁ]sdﬁﬂw £ortacis i the selfrabenndeonenies tthalt arar%ectncally
el ectrically conngghedidiQo COLEBSRANG L AGiSETARpduEt Or posts.

12, A method of forming an array of vertical memory cells, comprising:

forming a plurality of pillars, wherein each pillar has a semiconductor post and a
sacrificial cap, and wherein the pillars are arranged in rows spaced apart by a
row spacing and columns spaced apart by a column spacing larger than the row
spacing;

forming source regions at a proximal region of the semiconductor posts;

forming gate lines that surround an intermediate section of the semiconductor posts;

selectively removing the sacrificial caps comprising etching away the sacrificial caps
without forming a mask corresponding to a pattern of the sacrificial caps,
thereby forming self-aligned openings over a distal portion of each of the
semiconductor posts; and

forming drain contacts in the self-aligned openings that are electrically connected to

corresponding semiconductor posts.
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13. The method of claim 12 wherein formng the pillars conprises
fabricating a shallow trench isolation structure having array
trenches and an oxide in the array trenches and etching col um

trenches in the s con nsver t he ar.r ..
enohes, 1 S ARSRBRREIRGHTR: L blprele B BF b a i aigagine «
lines comRNdw aendeROIS S QelcBurdBhdhg BAYY RehcAed tﬁ&éiﬂﬁﬁ@e hﬂh@ atri\Ptréchéyand
trenches and the colum trenches such that the netal fills thHe array

t r enchestthing eidemn trgnches lin thelsempohduntortmatadd ésips\enst: te placcaraydtenbliasg
the netal to a | evel spaced apart fromthe sacrificial caps.
15. The method of claim 14 wherein the array trenches have a first

width |ess than twige,tdisd t,mlsltrmﬁheteﬁt%%n@t@é g&@@i&tgﬁ]ﬁﬁmmepoﬁmga

trenches have a second wd greater t an t
The net hoctaldfavolgaa thid@esshiateethn asey éehéheelayd tlenmiimyg tichehes aucrti ﬂliat:t'halmetal
material and t

cap co lanarjzing a firs acr ficial
et f:) hi n%isstﬁ%ﬁrg@’ waiche t@.daﬁs %ttfﬁlr tialco umn trenches, aqfh%p%tqteang)the@%talﬁp a
12 mhergggﬁghgacr ﬁb£l sdeARSia 8£@r|se a first sacrificial naterial

and a s C|al material, wherein the first and second
sacrificial naterlals are selectlvely renmovabl e rel ative to each

ot her. 18. The nmethod of claim 14, further ri sing spacer

et ching the retal, hFd?ﬁh%O%CI@%F%Wﬁte@ the aay frﬁ&t‘?@gga‘w it wadtb less than

met al I feeThd Fl%k;)’t:éﬁ fqﬂtglinl%g?% he%hlt%r enc%%ﬁés l?a[v% ql s@&mtd'lgtgﬂl éeﬁ&t l{hﬁﬁz the

spacer material, ol um

a porti disstofidthhe oxi de to expose portions of the sacrificial cap
structure, and wherein selectively renoving the sacrificial caps
conpri ses selectively etching t he sacrificial caps relative to the

oxi de. | 2 er,co
i mpl anti ng a ral n I'n o a top lfa)l(c%)?'?llzon‘%o m dﬁc We#‘i condvdrcg g& Sg%tﬁmal cap

bef ore fcompting pfldRridingiafisodatatéisl material ana Qhen ldiéhifieh badn@bacgifidialnhfbrial.
wherein the drains are angle inplanted into the distal portions of

t he senlconductor posts before selectively renoving the sacrificial

caps. 21.Th d of erein the drains are |

Chrough the 941t el Stiinia ViRGT fe ST S ot Shtiuisf B st scia
material and a second sacrificial material, wherein the first and second sacrificial materials

are selectively removable relative to each other.

18.  The method of claim 14, further comprising spacer etching the metal, forming
a dielectric spacer material over the metal gate structures and the pillars, spacer etching the
dielectric spacer material, filling the column trenches with an oxide, removing a portion of
the oxide to expose portions of the sacrificial cap structure, and wherein selectively removing

the sacrificial caps comprises selectively etching the sacrificial caps relative to the oxide.

19.  The method of claim 12, further comprising implanting a drain into a top

portion of each semiconductor post before forming the drain contacts.

20.  The method of claim 19, wherein the drains are angle implanted into the distal

portions of the semiconductor posts before selectively removing the sacrificial caps.
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21.  The method of claim 19, wherein the drains are implanted through the self-

aligned openings and into the semiconductor posts.
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