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device manufacturers in particular seek reliable, low-cost processes for fabricating high-

performance devices.

[0003] Memory devices may have large arrays 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.
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cross-sggl{,Qeal view and Figure 3B is a top-plan view of an enbodi nent of a
substrate at another stage of a nethod for formng an array of nenory cells
i n accordance with the technol ogy. [0008] Figure 4A is a cross-sectional

vi ew anBKREFUPESEBIRHON ObPFHE IR ANWVEMGST an enbodi nent of a substrate at
anot her stage of a nmethod for formng an array of nenory cells in

accorda ith the technol ogy. 009] Fiqure 5A is [.0ss-sectional view
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memory cells in accordance with the technology.
[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 substrate 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 mrent of a substrate at another stage of a nethod for formng an array
of nmenory cells in accordance with the technology. [0010]Figure 6Ais a
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[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.

[0021] 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] Figure 18 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.

[0023] Figure 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.



stage of a nmethod for formng an array of menory cells in accordance with
the technol ogy. [0015]Figure 11 is a cross-sectional view of an enbodi nent
of a subswopava/@|tesanot her stage of a nmethod for form ngPam/tsee1apssh2 menory
cells in accordance with the technol ogy. [0016] Figure 12 is a
cross-sgootmnal \Higweol3 &naeidodharndf afotler sulisldiaée @t a anghde forsfoagéngof a
met hod for formng an array of nmenory cells in accordance with the

t echnol dgyticaf G@W}'F?@lﬁr”éaqc?r‘il%lc%lwéthég%t—e§]@&1‘i’8§’nal vi ew of an enbodi nent of a
substrate at anot her stage of a nmethod for form ng an array of nenory cells
I n accorlg@flg P?-ﬁgﬁnol ogy. [0018]Figure 14 is a cross-sectional
view of an e od| nment of a substrate at another stage of a nethod for
formng an array of nmenory cells in accordance with the technol ogy.
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of an e@&%&%ﬁmOM&ﬁéﬂP&&dﬁﬁEﬁS,%r @%ﬁl@f are directed to cross-point memory arrays
used in phase change memory or other 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 elements, optics, read/write components, and other
features can be fabricated. For example, SRAM, DRAM (e.g., DDR/SDRAM), flash
memory (¢.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
semiconductor material and the sacrificial cap structure can be on each 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 menory cells in accordance with

the technol ogy. [0021]Figure 17 is a cross-sectional view of an enbodi nent
of a subswopava/@|tesanot her stage of a nmethod for form ngPam/tsee1apssh2 menory
cells in accordance with the technol ogy. [0022]Figure 18 is a
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at another stage of a nethod for form ng an array of nmenory cells in

accor darﬂt@QdﬂthtOIﬁé stlesttarrol Wy . 2. [002B] Rt gustage 2P thosmethed 086- Aedts gagd, tha ew
of an enb éj[rate IQE)O asaa gllﬂpsste{n?‘éo%dfafétora rr]ﬁ)t[erlali 210 (Figure 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 second 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 Wq (Figure 3B), and the column trenches 240 have a
second 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



stage of a nmethod for formng an array of menory cells in accordance with
the technol ogy. WD 2011/ 071966PCT/ US2010/ 059362 [0027] Figure 23 is a flow
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[0035] Figures 4A-6B illustrate embodiments of the substrate 200 at subsequent stages

of the method 100. Figures 4A and 4B are cross-sectional and top plan views, respectively,
after forming a first dielectric liner 257 and a second dielectric liner 258 along the sidewalls
of the pillars 250. 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
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col ums of p| | ars spaced apart_ ronleac ot her e second w dth
W2 of t um .1 0 re d a|I below first
wdth W qﬁﬂ secgﬁ‘megggﬁzmg g?é%ge %% &d g%%e i weW%k%S(mﬁvgy

conduct nnest@ahg theabisirate 290G at fadthert Hgpe @Swhich ﬁh@r@tﬂmﬂéﬁzﬂ i/ fen@iic@ fionh @i
conpletely surround a portion of each of the pillars 250. The first width

W, for axdaypR8 and3A8 @ed thessdevrdls of tlonpidarsi238 arhlewivds sThefrempaingoprations ve
gate mat e

greater haeﬁ&%%{?z 21?]t% ﬁ?‘gﬁéﬁ‘%@%% I%Jacgcﬁ i n|ut\i/{g SMY? 9%%% 522%8 a%{thn nor e
speciflc enbodi nents, the second width W2 can be about 300@6greater t han
the thickness of the conductive gate naterial.



[ 0035] Figures 4A-6B illustrate enbodi nents of the substrate 200 at
subsequent stages of the nethod 100. Figures 4A and 4B are cross-sectional
and top pvenrouwewss respectively, after formng a first PdiralSeemwiosset i ner
257 and a second dielectric liner 258 along the sidewalls of the pillars
250. Thénfeimsdiatdi setitsisrissbl ofibe semicoddiictbie pds 162 Wherg tanwnb@l gbteXiitiebevi a
oxi dation, and the second dielectric |iner 258 can be forpmed by grow ng or

ot her wi Sermpgdoli PRhEMBOGIACHL B BNGkgsssfaibie remainByg Rartionsyef Bg orsice228:
first digl ' ' ' i - i -

appr oxi rear oo 200 Buent. TR0 ghF.aR O S} DBl BERS 28! providsa
deposi t atcahksChidvadudigr surfabte tderfessingh cappdicxctriatéby ThO gdtodidamst 2@hsan bche
first and second dielectric liners 257 and 258 are then spacer_etched to
renove tRENgLPEGogKentional i, nifridshardsned RO gpotBer suifablgimaterials. oBe RRIHORN t he
bot tom afr th08aEiIErit DI AR Aflm-dilE TEESARDEBRHAAKL RES 25naLHTEHAYare
activation procedure to re-crystallize the sem conductor nmaterial.

[ 0036] Afdidectapdmrahe aicatorngelishe first and second liners 257 and 258, source
regions 260 are fornmed by inplanting the desired inplant species into the
bul k serogqduct arigira On-at i#ddradd ethb&liRRhts i @E sib@ra€Obouat hrie&ieiestiocttO0.
The source regions 260, for exanple, can be an N-type species. Figures 5A
and 5B atageofdhsmebod il8falFigunes o png PBrire Prowssectiesd aadvsiaksn along tines 9A-
substratg, 20 t se t age_.i.n iL,ch.a siligcide.262 is forned, at
Thesour s OGRS SE BB ER oAbl ML iR B P T d soRel G P uen
as N, Gpatedl Xi0, ovdiahe pRIa@CLEY @hY iktOrtH® réchiRl glorrsi ¢fi e arf\irtidAghdshE2

silicide process, the sidewalls of the pillars 250 are protected by the
second dfeguec?B) and thaeplupggrenchics 3 EenvndAsalhe giteinaterih 249 hag a thackngss t he

cap str [ ) - I t. i f LI cide
262 wi tr UEBe 20 S P B FRALE TRl Rl GBI, RRPHSRARGE MGl
formed tratedgl A70&o pidchaifeer idGesce@OR i (@ies 96 odetdth Bodiods 6f izSoxsdcrigonal
and top plan views, respectively, of an enbodi nment of the substrate 200 at
a | ater bstwgra topsyHiribars R0 ¢ dihgrthickpess dhek theagitametarial PEY havenens BYG We 248

and the r.J i ) i I Z@t i 0 r
ot her  prieis i G 08 AERE MR MR GRD Rl AR, D IO
sacri fi 78lcas dp tadbedum Hiteido vt dec24Btableahatéiidls.s t he col utmm trenches 240 can
be the sane as the oxide 228 that fills the array trenches 222 of the STI

structurgofd0. TheghRI 1 N 4 LiddssCaRnIePRY fIRSrahet BRb&imbetk AF ROZuR@lect S
the silicid 262 from subsequent gate oxidation. [0038]Fi gures 7A-8B

i |1 ustra08 arptadicrmdrthe methodddiOtinonkibh gatadmss 872 wtvefompeh oom (00 .gaRki mateasl 7A

d 7B -sectiopal and | ' ] of t
Ubst r ard0o0earas g ersgries O BisitchBih efEpufl frdirisys Q)
porti on Bl tRerertidiBs pdRHnA B4 Sate THARACOMNAars 3BbLf dtCdrdcal M Eit@meddfk can

be selectively renoved relative to the oxides 228 and 248 in a separate
pr ocess,sceffons P86k éBigntt SALef theerlicomdueioi pdst350. ahbe sprecstcican sdectomly 248

can be renoved in. sane proces The oxides 2 a 248 are accordingly
ecessed ey il T SRS BE e g rhub R 2o Moy n RS i tld
252. | n paerigndiomittelyt fMeed thicCdfRQSBanthest M2 p&FRENHNMEArPRI(, 10p6HOH of R

oxi des 228 and 248 is about 700 angstrons. [0039]Figures 8A and 8B are

cr oss- segetd makriah AW temeipd enthgibeiem efeldhp ety \reenghesi 72ulstwegn thg mithars 250.
substr at]:eacﬁ%(l)etglt ga%e fli% tZtﬁ raccstotlrgrcilf'\glyi Qon\{\f)]iet%g oundd %h%r cito%l’eslioosn rinegn}%l\{eerglezilra n the
sections 256b of the posts 252 along a column of pillars 250. After forming the gate lines
272, an optional step includes implanting an n-type implant or other species into the distal
portions 256¢ of the semiconductor posts using an angle implant (e.g., an n-type lightly

doped drain).

[0042] Figure 11 is a cross-sectional view of embodiments of the substrate 200 at

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



oxi des 228 and 248 and the sidewalls of the pillars 250 are cl eaned. The
remai ni ng portions of the oxides 228 and 248 provide a dielectric spacer
bet ween tWo 2807e®6r egi ons 260 and the internedi ate se®CrangoddsBent the
sem conductor posts 252 where the netal gates will be fornmed. In one
enbodi meate lihde21Niatkipets ddevidiie ofetipillarg 250r tTiangickebtrichgaoss dF42:28 twnd
248 is about 200 angstrons. The exposed sidewalls of the sem conductor
posts 259Ny depositing ashels@rir apieint ouer thepybsliaterand sperchiishing thagislectric

di el ectrj t iel. i f of . i 02,
i1 de Taeae soFygR ol 1BEGHAN &, R AR fcd RUARGCITHERRMERLE 30Rer
gat e di él7d¢ctori <xa2ple, @atn bhe ninider hredisakkctedy icahabl256latiod td the gostivlbr
define the gate dielectric for t menpry cells. [0040] Fi gures 9A-9C

he
i |1 ust r 2408 BAEERYEHLE Bithe httany pthe sphindoghanpely>Hdt al 1 zat i on stage of the

met hod 100. Figures 9A and 9B are cross-sectional views taken along |ines
9A- 9A arl@043- 9B dfiglicgldr & D aosshrstiapal naew fafranthedimends ofldy sidbpaaict20Apt 2

conducti v ate material 270 qver.the pil.la 250 .and into the cessed
cort 1 oneUBrARHE Rk ing iR, QShishtatoniadats TR AL ReTbih of BRERES” 240
(Fi gur e tffthes?e sgatiee FB@hH idhched Q40 agh@okidb Ck® esSbelplaimirgdt € oveYs art hat
the smaller first wwdth WL of the array trenches 222 causes the gate

mat er i aloveyburden wif it owiide 248 dndt (@) sleccporoiass off the( gHtgydickeco®) 26% en temef the
porti Onsrer%];'ntilpe Oéi de g%%hebeﬁtrs Sab i },ﬁ r(Ijltateﬁi lI bgﬁs 8' l-all_rbaeriz% 1ioCkr1]rgse§ 1;% of
the gate materd &P 270, “however, 1S N6T TR ekt hat Vi R spans T HE%% Pger

second WcEbrdind®; &fpobdrahe edrbbiifing HERNEe Sf &ittirstlaerifiahedioRt€icilaler 239 widbutbe
tantalumnitride or other suitable materials. [0041]Figure 10 is a

cr oss- sedyi asldlitiong] ehotolithesraphy i mgcasiissdi Asntush.other trwosefb portione of gbe Hirsta
t f the. i i i h f
stage o sa%@tgc?lg]_tirh%&gal%g avlr %E%V%rﬁéleﬁe%{}%gu%‘ég g&rtse2§20 1 Je eil%élg)%rﬂ%é glat?gt e

mat eri al até 1 nes pacer etc

mat er i ala @peratdpights1esoQApIBCHrodedsiik nbhBedeSyXB} B RAGmPOpittedi So@Espbhding ad ehe
material 270 are about at or near the internediate sections 256b (Figure

5A) of t¥eossdmioetmg Ok therfiglossedficisbmateriel Z3dacer etch can sel ectively stop on
t he oxide 248 at the bottom of the col um channel s 240. However, because

t he gat d00dd]ler i alFign® tomplaetrebsyscktibnaddvicwelllastramgt erabtimsnt? 2% Hidseypient
pillars 250, .a portion of the.gat erial..270 rennj in the. bottom of
Phe. ar r ayiees ineRER omnBend ErEIrTee B [ehrGrisse) Mol it HF ST X Hensr
accor di Nglayve IMHI8dY 2 AHd AR MR eP bp&IRANEHONGrdcAl JFvEEHicali RalSHsitibns
256b of the posts 252 along a colum of pillars 250. After form ng the gate

p
| i nes 27206¢ ah copespondhg streponduitardwstsi2gl arei firgt swrificinlymeteriall Enis formast her

ies into the djstal ti 256¢ , of i cond t i
anol e it megrgl abis RABGHENT raRe Rt edp ar Mot PR i dERERT
Cross-sephd@mgl yicBMhAfthe RBRAlipRL SpindsIBoSeSEd frficd Aredlly dRE MRrdisthiage

of the nethod 100. At this stage dielectric spacers 274 are forned above
the gatpertiomed6epbtheabmmyntngorspaseded Weheift halagio kligr epedB@s of hanagketidct ri c

spacers 274 ca fornmed. b e itin dielectric material. over.the
sObstr au'Be ARE 520k AUt rRE b Pecviiat B Fif M Reh e O

hori zontktsPr At R&YPNBNoURE tsp&dds &4 bac@planttBentd Bkesitthl forSiBAS b6 8F 4he f Or
exanple, can be a nitride that is selectlvelé etchable relative to the gate

di el ect remi@pgueipdpeste2 Biiodier@4Bainregines Bot-t dhe dfain egias| 25aras hasmdingly240.
be formed by directly implanting the implant species through the openings 280 at this stage
of the process either in licu 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
openings 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



[0043] Figure 12 is a cross-sectional view of enbodinments of the substrate
200 at a subsequent stage that includes depositing an oxide 278 into the
open portwonsiigf7i4ehe array trenches 222 and the col um PCEASP@S/029862 The
oxi de 278 can be planarized to renove (a) an over burden of the oxide 278
and (b) dnhev@biiide®n®riddn bfiehgah&aldifiehethd it 36SGhoOroxidep208 ushg hesi@inidang
portions of the first sacrificial material 232. The planari zation procedure
accor di fgteparigplodarizaiéon @nethefi Mecsser The deinFortpd PlygsaB4sios cxpmplegpan be

di el ectryj .t ho ny. 0k ¢ lures. As
A S L A e R R R S L e e Gy

i ndi vi dualf-adigned Gradired diat pesilin2d 2vidr the"sselidondlictgneosts RA2.t Hatthay memartiat e
phot ol i t hography process is not necessary to forma pattern correspondi ng
to the ekye¥EGlRIChPHRRE 280 defieesig meporyeth @Irdc'ihs@rr?aépgmea}oryzg%ls ip 594A e gur e

13 15 2 @938a0661 LADAPCRAAW drbip HRLIgnREDadlipent s of subsequent st ages

in which the &xposed portions o first sacrificial material 232 are

sel ecti v etch relative to t oxi de t ormself-align openi ngs
550" r 4004 oversarid Brby s a5 o8 g b kST RaHE TR FBR of
posts 28Red I rini Veby sBAE Eioks-pbiat mdBioey télls. 28@mé of fHRersiRMedtrodmi@s BRhL @fdsal
that is selectively renovable relative to the oxide 278 and the dielectric

spacer Jpintseptharmatarg e gater Lingsi give theoprniiat giugg ind agirtsat pbpiedichographi | y
over the _distal portion 56&- of ..t sem cpnduct or, post, 252 w thout vi ng
o al i gyl s bR Ocfineh A SR ERIAIS o TRyttt ThE el
phot o- painitidiacht @ thd@eivafl €100 tsBowAied dpRAbBgSbRlcl Beeeher drableh ehad@it Shes AN
n-type or other species can be inplanted into the distal portions 256c¢ of

t he seniadrgueciarugoietbs fogped withit dpvingito fare paiteripgheitiphghedzagd lnas egithonss

282 can i ngl I (oI i i i | es
thr ough CRACHRUR ijus BasChBEaPl SRS EbL#nik Rl bRl IR PR PR
in addi tih@uret obyf phdtothobRGhidERY hatte@@ingnSemSemaRntdt@es,i butt Bealseédedisiang an
angl ed i npl ant process as descri bed above with respect to in Figure 10.

[ 0045] Fivjliretionsof expansiyophatelibegrapl capirment) iThstcferei seycrehdpbrdimaets ogthean
2011 Sk 998 8D ST SO h:AAE: L LA ARl W ehefid pSaple

pl ugs 284Acraény detts.f ornmed by depositing a netal or other suitably conductive
material into the openings 280 (Figure 13), and then renoving an

over bur dqggyRor ti afvefal tRGodBIcals S @NhdiBod 200 @hd HREsDXirAe 286 %1465HBgidR a

chem cal - nechani cal planarization or other process. The drain contact plugs
284, f orstregtanpthet capaaddivss bty sersarmsof stdsepostintcaisirg calbt. af s exTmpledberianse

contact plugs 284 e accordin sk-1ess f-aligned features that are
T aned 'F BRI SnuBRGtL Ir Disgerg el Tbebe AR PR B of
each pi ldigHg 2&uslolf PRRIA2 B MRS ¥sue§ bl reveREd 1daRag duddnkeril MBI farfe8lal ghgl &S
ready for cell integration into a PCRAM or other type of menory devicCe.

[ 0046] Sevwbman oembadi2i8nng cwfrentreolimge howird @0 cupdetetheo bemitigaiadg substrate 200
can be used to formvery small cross-point nenory cells. Sone of the

smal | est[0048]t ur eFigirea 16k2S sHhypantet stegdsl o nnalicracabbddiemcgaivé the meshahd 00he
contact plugs,_ and current photolithographi c processes may nqt be able to
effici erﬁegvef by i 8w eateT Q4w i IS Iie) dottags JBECATIRY B8t g swess

enmbodi t i Dish Lodesgil,Reds ah, La l.es
t he gapgﬂ%?ﬁ%gZgﬁégggnﬁgg%gpfﬁgg tg%%g9 orn§§RVf%hoﬁ¥%W8§?%§K§é ?%@%?é
pat t er n stfgeenft dvethet leenbgdingenit iofiele processel @ont evbichpthegateusiategial 270 has been

photolithography. This not only e]imnates th rocess errQqr at can be
Pnduced BIBREVET 12 _ﬁ?}_@?thﬁ_[ﬁ dap ey t %g%te_%ﬂﬁ%ﬂ@g?g 2a¢rlq 0¥1%%§‘&§e_ifpe BERCCHSs
al so redyggsddid Mk 133400 fRfm ﬁi&l?ﬁﬂl%{ryéﬂ%@il%ﬂré 10 APIAPHY SAUNWRIERL270
Therefore, several enbodi nents of the nethod 0 and substrate 200 provide
a cost ehbeatin Vegupr b s3®t tiohed @ithe sahé exgertras stsis proFigurenhorhe stedel iBustrated

in Figure 15 accordingly forms an intermediate structure 302 for forming gate lines that

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

surround the individual pillars 250.
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[ 0047] Several enbodi nents of the nethod 100 and the substrate 200 al so
provide a structure that can address other concerns of cross-point nenory
cells. Fowoeranpl®s because the gate |ines 272 surroundPCRASRORIBELI at e
sections 256b of the sem conductor posts 252 along a colum of pillars 250,
the issyes49f revdgseddicakags-wutisranlicws dlus@htingeghbddinests at angeastegd thim of
pillars 250, and current-voltage control are expected to be mtigated,

[ 0048] Figiflkan exide308)1p depasied Hg@ thedpeairogiRisidrihe ARy FEREIe 240h eAiBihod
100. Fi 5 S ti I t .
e at el G pbTo e SR BE G Re y  P e R PR L P BB e A o
Fi gure Ifananiing @pegiufd cabihyr prdcksssthitadtess an sicafist edcraivdd hﬁterﬁl‘mdi Mg of

the process 100 in which the gate material 270 has been spacer etched to
sel ect i VEMgVat FRCHTg ﬁ@cog%lpélyme@}%fé% PPE1I0P8 TR &aﬁ‘ed@JﬁCH@ 208 froph ghepfdicess
illustr 0, t hat
the gat & s ePt HEHbGink frkibfl B We SRkifclt MR 0 if) R GHER I b 11
as it igndinidabppitlers?80. The stage illustrated in Figure 15 accordingly forns
an internediate structure 302 for formng gate lines that surround the

i ndi vi dygbs@i | | armig@@0.7 kh &B¥esdlioIRash MaRtStind k\ﬁ)s@qﬂegt sthP@Sin¥ch the
conpletely surround the individual pillars 250.

2011/ 07 r9@8RaE oo iiho fes semfn@ql mhajenied 238 ar%realocfr:@ gomsibe tfi?gmlaﬁl over g

illustrat.j nent at er ch an o lde

depost t QRS0 O GR AT sl R s B UFigh S M Bp LG RS 23R ST age
an over bukdepadciaPidaicen] 082 taLbO¥dERiv3[BrehfovE® FRMEMathet8maining portions of
chem cal - mechani cal pl anarizing procedure or other process that stops on

the firghe gat@r tilfele@trw 2optremipial inpRR . Frgwe ridnivvalcrgpsoedtimek viese diadishgivy a
renoves 2 rom.t t fac
remai ni nsggp I osrt1a e 1%1 We}h%h}errse m%g% P?ll%g I g?f {he art? g lef%% ‘?ér? %ﬁﬂ%%ﬁ%eﬂ{ pV\A th

the i ndle\kpﬁlsbaihemlbthlapmaﬁﬁ 256@@5@11&swc6n&%tdr5po@tsczms Asebisi giad a \desived
illustrating subsequent stages in which the remaining portions of the first

sacri f i dm@lanfgpastasairn g ampleated dptevtbel distab ppitioas 2afpbHhs ssméqondndonpastsadsd 250

to form ings 310 aligned with corresponding pillars 250.
The f|rsﬁ%%%%&%kg%gngaggerlal 232 can be sel ectively renpved such that the

remain rtio he gate dielectric. 265 renn nt act 8is a
oy oo saBobn el O Hafiednt < SRine R R g Pt et Tor e o

porti onsfel%vﬁl@ea i6n 6F ﬁﬂe%ﬁeﬁhgd@t@%tra&arermmgnﬁ GhERBRS Rl @@te ding{ @472 at
portlons 256¢ of the sem conductor posts 252. At this point a desired

I npl ant tbpatéresdrtnschgonsgfioant edréspouding ecraicsndictqyposts 863 PoG2@t linere272

sem conduct.or posts 252 to form drai S, 28 [0051 19 is a

or o5 odtt famel SPEEART Moyt abrerg Red e Galhie dFigaCeRat 2hAahE s Eiioyi ng
a porti aggighs BE. | ThergmRdiabe 2501 4 WiRodRL theO iftintBdide sbadnyi 2hépl ogate

| i nes 272 at the internedi ate sections 256b of correspondi ng sem conduct or

post's 252micphdugar posts Hgsalompa eereespondiegl celuai afft pillvesy2S8rae dspaibed abper t
from both. the dr g) ]lf'.] reglir(fns 282 and the source regions 260. The gate |ines
272 al soV SLFFREhE F8W S % er nedi at e sections 256b of the seniconduct or posts
252 al on a_correspondi ng2 colum of the pill ar? 250 as glescr i bed above with
r espect [POSH; gur gigges 20-22 are cross- sectlonal views illustrating additional stages of this
embodiment of the method. Figure 20 illustrates a stage in which a dielectric spacer 311 is
deposited or otherwise formed in the substrate 200. The dielectric spacer 311 can be a
nitride, and the thickness of the dielectric spacer 311 can be selected to fill the gaps where the
gate metal was recessed to form the gate lines 272. Figure 21 illustrates spacer etching the
dielectric spacer 311 to expose the drain regions 282. More specifically, the dielectric spacer
311 can be spacer etched to form diclectric spacers 314 above the gate lines 272 and along

the sidewalls of the oxide 308. The drain regions 282 are accordingly exposed. Figure 22

-11-



[ 0052] Fi gures 20-22 are cross-sectional views illustrating additional
stages of this enbodi nent of the nethod. Figure 20 illustrates a stage in
whi ch a dwel2etta7iswéspacer 311 is deposited or ot herw sePCorUse@0i0m36he
substrate 200. The dielectric spacer 311 can be a nitride, and the

t hi cknesHugafatdshte dulshrart 200catspabesquiitlstagninbehiskicontaedplugs $84 hretfoanghins
where the gate netal was recessed to formthe gate |ines 272. Figure 21

i |1 ust r dhegpayngsayerthe Sy regnst®el ectri ¢ spacer 311 to expose the drain
regions 282. Mire specifically, the dielectric spacer 311 can be spacer

et ched tl80%Hr m dilegwet?d3 & &phoercbarg ol aaimethed 48 gatferrminge@ aryy ahdcdicaing
the sidewalls of . the oxide 308.. The drain yegions 282 are,accordingl
exposed RNy ek 15, FcoEfndy cuit ndolisp. Prhfdans ok fe LEpETGREn: T2 de i n
whi ch comiim@tugs R8ho@eofinélnest fofmidica QREMIYAT MNAE (bIdek dral th k@@ihons
282. [0053]Figure 23 is a flow chart of a method 400 for form ng an array
of verticeh pHembay a sehicondyrtercrast azche sawiftdnlaapt Hde relhiss dionasranged i poevs

t echnol ogy. [ n_one enbodi nent .t met hod ,400 i ncl udes form a plurality
of o 1 apdeeaisafbS A8 MR eu e SR PR bY g S bR a0t B g X
sacri fi Godl spasidg. ThEe Rickiodr $0(RE& AIrfRAGRGudN fdrAiEe SRAEE Gl it DYrakimeW
spaci ng and col ums spaced apart by a colum spacing |arger than the row
spaci ng.regine ﬁ%ﬂﬁoﬁmmgmmbﬁwfﬂﬂﬁﬁh@ﬂoﬂﬁéﬁﬁhénddgﬁﬁmg ewdretever g oifes athatg

pr oxi malcohle eitoln OI‘r tItPCF S?rp.ercrzr(l)e gLEeCté)rtiogoo%ttﬁe ebl %CIll(d %gg) oatndnfaocrorll? OShndin
conductive ga?¥5P|8%s fhat co@ﬁ1e§éﬁy surrotnd SN it drgdl &t s 01 of
t he sem @amehof gillaoIbdck M138).C K fi@sfemiighthe Coltdl Macf thpishérdidal( &pe cden 420) -
After formng the gate lines, the sacrificial caps can be renoved

sel ect i vemgvegd selecitvehoryvitheyt dophag oL phetedrticroeesespordinadot d patigrat eletlhe of

i star phrioR bR AR RERRE s Eh AR P Eb A AR S B o 0

400 can sahms@ndt@buistats ®IotkAg0Pr BhdmeDdod 400 Sar lsé hehwelférniihj dres conedts igs
that are electrically connected to correspondi ng sem conductor posts (bl ock
450) . [ 0bssplabanechepsangsgiahgre plectiicplly wenngstadetol serarspoRding spagopfhector
enbodingg&g Q& ﬁggbinvention have been descri bed herein for purposes of
illustr |oé, But>Wwel | - known structures and functions have not been shown

or descrji in tai] to avoid.unnecessaril scuring th escription of
Che enbdBPllnt o drofhibe: Rudiicod ok e ors Auh e Pl henRoTET g Pt or
plural tgyrdRioNMvabSG ddielibdend&R 18 PlBbsRor SINdlias, Bue Wall-KRIREGHIMBEY -
Mor eover, unless the word "or" is expressly limted to nean only a single

i t em excindsupdions dwave het btcheshownamslcseribedfinrdetidletot ayoal himscessrityvabsouringor e
itens, then the.use.of "qgr".in such a list is . to he interpret.ed .as

el ua i Bay Ry 8f Reicatioganhen ot e Tpyeefiony By % sonlaRt P fnsipulene
list, orpli@) tedY nfaQmikonat u@ tRfpliftor difFBar Broh N8spebiely ANt RN s tihe
term"conprising” is used throughout to nmean including at |east the recited
f eat ur e(w9rds'echisteratesspyingtadapencanuomde e sofgle Hemsaahusive fram eheaetti¢oitems in

7S mot TR o det R bR CapplbeR U5 ke 5 21 R i SR O
net hod afs feRdIngd(a3ng SiAYle OtenTBATHY 15E! (b3, alCOMAd MY in the list, or (c) any
combination of the items in the list. Additionally, the term "comprising" is used throughout
to mean including at least the recited feature(s) such that any greater number of the same
feature and/or additional types of features are not precluded Accordingly, the invention is

not limited except as by the appended claims.

-12-



formng a plurality of pillars, wherein individual pillars have a

sem conduct or post fornmed of a sem conductor material and a sacrificial cap
on t he sewDeonduteser post; form ng source regi ons bet we@aTAskans936f t he
pillars; formng a plurality of gate |ines, wherein individual gate |lines
extend al ong a correspondi ng col um OCLAPVKI ars and are spaced apart from
correspondi ng source regions, and wherein each gate |line surrounds a
portion of the sem conductor posts along a colum of pillars; selectively
renovin répe sacrificial caps and thereby form ng self-aligned openings

t hat exgé SCQJPop portion of correspondi ng sem conductor posts; and form ng
i ndi vidual drain contacts in the self-aligned openings that are

el ectrically connected to correspondi ng sem conductor posts. 2. The net hod
of claim1l wherei nArrfedrauliofg”ottntiegphhtray of mompryi @dls, doaiprisoat i ng a shal | ow
trench isol atj on. struct trenches. and an oxide ip the array
trenches, foriges BYF foh of Pk sl i HeideRilAE e PRGOS RO ¢ he

semi conduct or mat §birAdd Mﬂenﬁ@&}ﬁi%cﬁpﬁ{arerfah &P Eé&%%la% nﬁ &?th@'sbﬁl?efoﬁdudct&r m ng
the source region conprises Inplanting an N-type inplant into

sem conductor natgrosgl at a bottom of the colum trenches; form ng the gate
lines comprises filling the i}%lum t nch h an oxide, etching the

oxi de in the 'SFPIAG SPYIEHEIRALS DIHVESH O t]%er@ fHes to a depth spaced apart

from the sourggningdi PsralideBPYald NHed Voﬁér@lln i RdddI e NAYs tkanahasngnd the
columm trenches stich ‘that ‘the metal fills the array Trenches but does not

fill the colum treenchesdingncdblspace pdlashamy atchepared alpatt drem| @viskpedaged
apart fromthe sacrificial caps, and sel ectively renovin the acrr ci al

i
caps conprises et CRPIG Hwidrst pad s‘é{ TR Gl 2Rl EnG HBHR Sy AP IB’ét‘? s ng a

mask with a patter@npfon@RQs fi3s 4QJ £eNeRdiorgillags;t he pattern of the
sel f-al i gned openi ngs.

selectively removing the sacrificial caps and thereby forming self-aligned openings
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, forming a column trench
mask, and etching column trenches in the semiconductor material that space
apart the columns of the pillars;

forming the source region comprises implanting an N-type implant into the
semiconductor material at a bottom of the column trenches;

forming the gate lines comprises filling the column trenches with an oxide, etching
the oxide in the array trenches and the column trenches to a depth spaced apart
from the source regions, depositing a metal into the array trenches and the
column trenches such that the metal fills the array trenches but does not fill the
column trenches, and spacer etching the metal to a level spaced apart from the

sacrificial caps; and
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3. The method of claim 1l wherein formng the pillars conprises fabricating
a shallow trench isolation structure having array trenches and an oxide in
t he arrayworenaneseand et chi ng colum trenches in the segrasSAdOO5B62

material transverse to the array trenches. 4. The method of claim3
wherein the aefeayvdly eqabndsg ey ecafitial sipswotiphisenetclilng adal uhd sicrEictihespshave
a second width greater than the first w dth. 5. The nmethod of claim1l

wherein the pil [ arvithoug PEpfaduicrmg ¢ Mk yafhsa AAEETR 198 opgltEmeorEsRoNding: Ky

apart by spaces l qﬂgﬁgt ewgpthtegglf-gﬁgﬁedo enin 5.6' The et hod Of. C! a! m1
wherein the sacrific af cap structture ébnp I'ses a first sacrificial

mat eri al and a second sacrificial material, wherein the first and second
sacrificial materials are selectively renpovable relative tq each other.

7. The nethod-of cihei methodupdrcdaim 1 eigsein| farmaing the pylese gompasos Rbigptiagch

ot her by, af g : i e 8.
The et RogGF tishif RoND, AELURRNhoiRe Birky ReRoR Bt ad LEE My gronches g
a met al andteechinpecoimayteti¢chenahths sanitohdhetarahatemial ttfagmeiieso shicdirdyhtadnchdye net al
conpletely surrounds at |east an internmedi ate section of each of the posts.
9. The nethod of claim 7, further conprising spacer etching the netal,

formng a die]ectry r L er e .t d the
pillars, spaégr e{g%f§§%§§8fgﬁ%ﬁétgbﬁgﬁg%ggggyE%%@%Fgﬁ%gfﬁ%%fﬁgﬂﬁﬁgdco um
t r enchesconirihtranchexhale,a seesmvwviiigh greper thanmhoofirst Waltloxi de t o expose portions
of the sacrificial caps, and wherein selectively renmoving the sacrificial

caps conprises selectively etching the sacrificial caps relative to the

chen cal - mechani cal o aia St BN "H b B shetbE3ptD P aBBE S e
11. The gstinhachrofpaet@bparOhy §pacédiarcee hiapihcsgdpg. | npl anting a drain into a top

portion of each sem conductor post before formng the drain contacts.
12. The method of claim1l, further conprising directly inplanting a drain

into a distal; port0n i ctar .5 t.hr h t -al i gned
openi ngs. 6. 1§ﬂmﬂn%%9§§§@%%5ﬁgﬁﬁ$%§1%ﬁf%@?%%aa?gyﬁﬁgwgg§>d%%%%gq%%ﬁ|S,
conpr i Sisagrificial material and a second sacrificial material, wherein the first and second sacrificial

materials are selectively removable relative to each other.

7. The method of claim 1 wherein the pillars are spaced apart from each other by

array trenches between the pillars and column trenches.

8. The method of claim 7, wherein forming the gate lines comprises depositing a
metal into the array trenches and the column trenches such that the metal completely

surrounds at least an intermediate section of each of the posts.

9. The method of claim 7, 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 caps, and wherein selectively removing the

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

10.  The method of claim § wherein the oxide is removed by chemical-mechanical

planarization.
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formng a plurality of pillars, wherein each pillar has a sem conduct or
post and a sacrificial cap, and wherein the pillars are arranged in rows
spaced apaptotyo7sssow spaci ng and col unmms spaced apart PgTAISc@OMI6Spaci ng
| arger than the row spacing; form ng source regions at a proximl region of
t he sem condudt or Frsigtholosihtiagn gatfarthémesmprividg swplaoting aadraimirgs reeipat e
section of .the sem conductor posts; selectively renoving the sacrificial
caps wi thesian efagh prynigondustor peptrheéqse fRMige the dadipsentasth of the sacrificial
caps and thereby form ng self-aligned openings over a distal portion of
each of the sem conductor posts; and formng drain contacts in the

sel f-al i gned 1gpeniTigsmtthall odckitl Ie glithed alohmpricapnizeted ihplagong &slpondntog
sem conduct or posts. . 14. The nethod of claim 13 wherein form ng the
pi | | ar s dgpardesofosh penaicprdjictor RS thyaugh B selrEgnodtapshings.r uct ure havi ng
array trenches and an oxide in the array trenches and etching colum
trenches in the sem conductor material transverse to the array trenches.

15. The net hod. of & hakhvdlod fWdeng b afr@y 67 N@titdencaaire ctlinesmpidipg:i ses
depositing a netal having a thickness into the array trenches and the
col urm  t r enc HEENGE ch Phukaity toh ilkgss.awheren gachhpillay hapya spaenductoruposided anot

fill the columm trene s .an i ed
apart fromthe saé%gﬁﬁgﬁéﬁﬁtggigﬁ&%ﬁrﬁé%@Lﬁgﬁéqﬁggﬁ%ghd%%g%8%%¥%%aﬁﬁgﬁéin
the array trenchesolaspaciagfandsdolwhigh spabed spdrhan at sdledn tspeciid e kerethsn dfc t he
metal and the colum trenches have a second width greater than the first

wi dth. WO 2011/ 07 F986P&EIN£IS2010/ 059362 17. The nethod of claim 13

wher ei n_sel eqhLyal Yol SURNIA & DS AAGHH LhGhak uRkABnGQIRLLGRRRL anari 2i ng a

first sacrifici mat er i and en etching a second sacrific¢ial material
18. The net hddrmihgghilimed hankher@ind abhlietesartiité kaitiah of dpscovspdicespatst i r st
sacrificial material and .a second _sacrificial nmaterial, wherein the first

and second saSkrHYLY Fmepng theagasrificial eansewithaps formppgavadskCoFesnanding d each

ot her. pattern of the sacrificial caps and 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.

14.  The method of claim 13 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.

15.  The method of claim 13 wherein forming the gate lines comprises depositing a
metal having a thickness into the array trenches and the column trenches such that the metal
fills the array trenches but does not fill the column trenches, and spacer etching the metal to a

level spaced apart from the sacrificial caps.
16.  The method of claim 15 wherein the array trenches have a first width less than

twice the thickness of the metal and the column trenches have a second width greater than the

first width.
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19. The method of claim 13, further conprising spacer etching the netal,
formng a dielectric spacer material over the netal gate structures and the
pillars, wpasawo7eiechi ng the diel ectric spacer materi al, PCirfuszeng/os93e2 col umm
trenches with an oxide, renoving a portion of the oxide to expose portions
of the sacrifi7ci alTiwametiodust dlagm EBnevhelen stlactelectmyahy the nmastiifigalt b
sacrificial caps conprises selectively etching the sacrificial caps .

rel ati veorprispienlandrigang a first sacrifigial micrighpbed Fickingianmceand sagrifigiah material
conprising inplanting a drain into a top portion of each sem conductor post
before form ng the drain contacts. 21. The nethod of claim 20,
wherein the drains are angle inplanted into the distal portions of the

sem conductor posts before selectively renoving the sacrificial caps,

22. The met hod- of theameiimg, ofurdaiey A3t Wacigimiths SastEiqighpFanst eempmiyes uyHishe

sel f-al isgmci&%meﬂglsanﬁnéjsécp%@ )s/&églﬁicga? ﬁa@&?&qtu\gfl&'éinptgé ¥Rt and secondZS%FriﬁbiQF nory

devi ce, conprising: a plura ars arranged in an array of rows and
col ums, mabealebre sclediivdlgvahovablel ralagvhavech oferi conduct or post with a

proxi mal region, a distal region, and an internedi ate section between the
proxi mal and di stal regions; source regions between the pillars proximte

t he proxi mal j1.eqi ] ; I i g .| j nes,
wher 6 n | nai vicacar T Barenpd BERE FROGHEL oot spded thld b Ry OF
sem condudiclRttrigaphserahaagal dveothcasgangitd gtraalngsmand theppil lhr sjacaedtéhiag itlgned
openi ngs_over, the distal regions of correspondi ng sem conductor posts;

drai ns iH§IPEHE sBagen maesiak Sag thegplome temchesewith g OFilfu 300 VIPD & thoTtionef
drain c 1S 1 - ad . J t,.ar . i cted
o corr abands 14 BghlP pifibhs B he S DR Db AR IR arBim SLESHELGRY KeniRRE
24. The thepatifictevips@oniprisdsacloc@ly wheRingithe $deeficalcah rguliveatoshaotdspaced
apart by a row spacing and the colums of pillars are spaced apart by a

col um spaci ng greater than the row spacing such that the gate |ines span

across the gap spag|Nfhefidl HORt 1SPARREBRPribig ifDIHMe PRGN %to a top

portion of each semiconductor post before forming the drain contacts.

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

portions of the semiconductor posts before selectively removing the sacrificial caps.

22.  The method of claim 20, wherein the drains are implanted through the self-

aligned openings and into the semiconductor posts.

23. A memory device, comprising:

a plurality of pillars arranged in an array of rows and columns, wherein individual
pillars have a semiconductor post with a proximal region, a distal region, and
an intermediate section between the proximal and distal regions;

source regions between the pillars proximate the proximal regions of the
semiconductor posts;

a plurality of gate lines, wherein individual gate lines surround the intermediate
sections of semiconductor posts along a corresponding column of pillars;

self-aligned openings over the distal regions of corresponding semiconductor posts;

drains implanted in the distal regions of the semiconductor posts; and
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25. The nenory device of claim23, wherein the gate lines are forned froma
nmetal having a thickness, the gap spacing is |less than tw ce the thickness
of the nmaweal2liaritsshe col urm spacing is greater than twPC@/Uskh@onm3ckness of

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

corresponding drains at the distal regions of the semiconductor posts.

24. The memory device of claim 23, wherein the row of pillars are spaced apart by
a row spacing and the columns of pillars are spaced apart by a column spacing greater than
the row spacing such that the gate lines span across the gap spacing but do not span across

the column spacing.

25.  The memory device of claim 23, wherein the gate lines are formed from a
metal having a thickness, the gap spacing is less than twice the thickness of the metal, and the

column spacing is greater than twice the thickness of the metal.
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