WO 2006/ 028775 PCT/ US2005/ 030668 Seni conductor Constructions and

Transi st orgg 2608@29¥8% hods of Form ng Sem conduct or Const r p&t/iQ5es/avdss
Transi stors TECHNI CAL FI ELD [0001] The invention pertains to nmethods of

form ng sem conductor constructions such as nenory circuitry, and nore
particularly, to formng nenory cells, DRAMs, and transistors. BACKGROUND,
OF THE I NVENTI ON [0002] As integrated circuitry continues to shrink in size,
efforts are ongoing to find novel nethods of forming integrated circuitry
st ruct ur Semiubnckictoe Constregptinnsdand TransistorsyandMethods ef Fpemihgose

met hods currently utilized and the resultant structures fornmed thereby. One

type of integrated Sémidtridictbf OBHSUCIRINSAhE TraAstod rays. Such circuitry
has been and continues to be the focus of intense efforts to reduce the

si ze . | r8i Yy, increase the speed with which such circuitry
opera.tl?eos%{m%%% ﬁrrgll'P{ai n or increase the ability of such circuitry to perform

its ry function. The industr esigngrs continual | earch. for ways to
redu@gﬁﬁi si zel [ INYRRER Petaing {p ﬁ%jhs\ﬁ’%gﬂ%{mé%??mlcanﬁécﬁfP&?SHHP‘F%'P%Me.
[0003] One such way is by inproving on the design of transistor structures
whi clSUChras MeEp Sirauiy, and maremaricudarhe i@ farning memeat eallss DRAMSr asdor
devi'ces have nunerous applications for sem conductor circuitry. For -

i nst drapwistorsansi stor structures can be incorporated into nenory circuitry
(such as, for exanple, dynam c random access nenory (DRAM) and | ogic

circuitry. DRAMcircuitry usually includes an array of nenory cells
i nterconnected by rows and col unmms, which are known as word |lines and i

BACKGROUND OF THE INVENTION

[0002] - As integrated circuitry continues to shrink in size, efforts are ongoing to
find novel methods of forming integrated circuitry structures and related integrated
circuitry which improve upon those méthods currently utilized and the resultant
structures ermed thereby. One type of integrated circuitry is memory circuitry and
arrays. Such circuitry has béen and continues to be the focus of intense efforts to
reduce the size of the circuitry, increase the speed with which such circuitry operates,
and maintaih or increase the ability of such circuitry to perform its memory function.
The industry designers continually seérch for ways to reduce the size of memory
circuitry without sacrificing array performance.

[0003] One such way is by improving on the design of transistor structures which
are incorporated into memory circuitry. Transistor structures or devices have numerous
applications for semiconductor circLlitry. For instance, transistor structures can be ;
incorporated into memory circuitry (such as, for example, dynamic randoﬁ access
mémory (DRAM)) and logic circuitry. DRAM circuitry usually includes an array of

memory cells interconnected by rows and columns, which are known as word lines and



WO 2006/ 028775 PCT/ US2005/ 030668 digit lines (or bit lines), respectively.
A typi cal‘wp%%%?ry cell conprises a transistor str %ﬂﬁfzo&s‘?&ﬂ&%t ed with
e

a charge storage vice or data storage elenent (such as, for exanple, a
capacitor device). [0004] Typical transistor structures conprise a channel
regi on between a pair of source/drain regions, and a gate configured to

electrically connect the source/drain regions to one another through the
channel region. The transistor constructions utilized in sem conductor

cong; ' b Bﬁf&{ e ' W, %‘WW The
senmélgglrl\‘ﬁ%%?@fb'%iésst) ’r%tségw &'hgv@gap[?’iqﬁgﬂr:y sur ;t{?(’al icrﬁ]saeésg% be consi dered
to defi.ne orizontal direction or haorizontal surface. Transistor devices
Can’trmsn%p{/Fﬁg@u&%ﬁ%@tegm’c @-8%%98&%88%?0%5‘ a%‘e‘ﬁﬂ‘&p%ﬂr?% e&gqngﬁx? ations of
the, channel regions relative to the primary surface of the sem conductor
sublSUFRRE, fo5eaMnie.A F3pagitoalevisebr structures which have channel regions
that are primarily parallel to the primary surface of the substrate are

ref 00044 t o abypitaliemnsistansiistures compriserasharma regiosddiaeena paiaohel
regions which are generally perpendicular to the primary surface of the

subsduraé@rdineegiehs! aflalqat@onfifiréd erbletiraiy ebAnesi the Gout&sdrathnce current
fl ow between the source and drain regions of a transistor device occurs

L N7 RS BORERARG: PR RAE u:g?ﬁ@"tra%?é.it&r%n%%cti dligddgraui shed

from®vertical transistor® devices on the direction of current flow
as we|

wel | . n.the ner.al orjentation of channel. reqion. Specifically,
voribreeamE b G Rk B s ndebly hRRRRSRA e’ ShtBie- TP8W betvieon
the source and drain regions of the devices is primarily substantially
or t$R5BERAAUGEr sUbsiTata il Baye adsimary suraeqiwiieitGar bf camsitarad éo dgfiepl anar
transi stor devices are devices in which the current flow between source and
dr ad horizgpitehdiréddioprarimarizbptab audades | Trapsisher ¢evices gars be fdidded amdrgst
sem conduct or substrate. '

two broad categories based upon the orientations of the channel regions relative to the

primary surface of the semiconductor substrate. Specifically, transistor structures which

have channel regions that are primarily paralle! to the primary surface of the substrate

are referred to as planar transistor structures, and those having channe! regions which

are generally perpendicular to the primary surface of the substrate are referred to as

vertical transistor structures. Since current flow between the source and drain regions

of a transistor device occurs through the channel region, planar transistor devices can

be distinguished from vertical transistor devices based upon the direction of current flow

as well as on the general orientation of the channel region. Specifically, vertical

transistor devices are devices in which the current flow betwéen the source and drain

regions of the devices is primaﬁly substantially oﬁhogonal to a primary surface of a

semiconductor substrate, and planar transistor devices are devices in which the current

flow between source and drain regions is primarily parallel to the primary surface of the

semiconductor substrate.




2 WD 2006/ 028775 PCT/ US2005/ 030668 [0005] There is a cont i nui ng interest in

t he devel oRE®Yhs/@Rk773et hodol ogi es by which vertical trangi ) CES can
be incorporated into integrated circuitry applications ?@‘ﬁg“‘g@é{{{ﬁg ot her

t hi ngs, advantages in packing density that can be obtained utilizing
vertical transistor devices relative-to planar transistor devices.
Difficulties are frequently encountered in attenpting to produce the vast
arrays of wvertical transistor devices desired for sem conductor

appl i i-ONS Ll e maintaini ng . sui I r n har ristics of the
devi c@? 5Eor \é\%ﬁlﬁf?éjc‘ ARIOHNG | rﬁ%@gIﬂgegngélgéﬁgpgﬁr#ﬁﬁogéﬁgfééatﬁy transi stor
devices include formng or growng, epitaxial silicon posts or pillars to
ext etNiGPWEFicS FaRsiskY daviGas §arbe H?ﬁqr%ﬁi(eﬂ%”tos'ﬂm%t@dﬂmklm seni conduct or
substrate. The epitaxial silicon posts or pillars are used as the .

t r ansApptlicaticmmdue te, amony ethertthingsi aianidgassntpackingtdensisy thadicadd@ ces.
However, this design creates-several problens. For exanple, a high defect

densigptaineasutiienil vegticalitidnsiabedd ieds rfdtivel te plage tiapsises defibdist i onal 1y, the
design pronotes a floating body effect in the transi stor channel which :

| dhy: ' i £l ' h hol d
COMPIBERARR S ORIAA5SHBIe Bl bRubblnlo SRALEOHd P imygRte L esho
il O e RS G viren Enired s PR (RS SPLER e WSRO £
| NVENTI O\I;é 0006] In one aspect, the inventiaon enconpasses a transistor

devi ceiiiaRig pereimanaee chargelerisieriabingriayines: Hor &xampe, &esard al so i ncl udes a

gate formed to extend within the sem conductor substrate, a gate dielectric
f or medethosiolagdies tpatfermingpairical firansisteredayicsisringude forming or growing

epitaxial silicon posts or piilars to extend upward froml the primary or horizontal
surface of the semiconductor substrate. The epitaxial silicon posts or pillars are
used as the transistor channels in present designs of vertical transistor devices.
However, this design creates several problems. For examplé, a high defect density
has resulted with potential cell leakage issues. Additionally, the design promotes a
floating body effect in the transistor chénnel which complicates and increases the
difficulty of controlling the gate threshold voltage of the transistor. Accordingty, itis
desired to develop new methods for fabricating vertical transistor devices that improve

upon and/or at least diminish or alleviate these problems.

SUMMARY OF THE INVENTION
[0006] In one aspect, the invention encompasses a transistor device that includes:
a semiconductor substrate. The device also includes a gate formed to extend within the

semiconductor substrate, a gate dielectric formed over the gate, a pair of source/drain



WO 2006/ 028775 PCT/ US2005/ 030668 regi ons formed on opposite sides of the

gat e, andve2odsansres region formed within the sem condugéfisigdsiokdt €
[ 0007] In another aspect, the invention enconpasses a transistor device that

includes-a sem conductor substrate that has an upper surface. A pair of
source/drain regions are fornmed w thin the sem conductor substrate. A
channel region is formed wthin the sem conductor substrate and extends
general ly perpendicularly relative to the upper surface of the

serfegRMEUeHAE] DHSTITANIE SIdw@fttﬂelgﬁaté iRl NG fahid M BorRRid wittin e

source/drain regions. [0008] In sti I'l " anot her aspect, the invention

en%%rﬁpgaﬁsgctgrgmt%&ductor construction that |_ncI udes a conductive post
extend rom an upper surface of a sem conductor substrate. A

rain re nis for dbel w_t he conductive the
ﬁﬁ)@ﬁﬁ’ﬁuct orncislieraspeahde imarien EnearPasamIaa Rt FeVke E8nduct i ve
post A transi stor channel extends bel ow the source/drain and a gate is
f orineludas ersamicpeductens usitaie that hastan wpnas sadpeeeAtpaine squseslisior channel .
[0009] In yet another aspect, the invention enconpasses a nmethod of form ng

a regivnsarddotroed withist thecdneidohtiadtor substidéss Archehdelnggiande feroeaduct or
substrate with an opening. An oxide filmis fornmed over the semi conductor

sulgtriatise %mdhdh%r%esgtra& and'e%@ndy ghhmng 9&@%&%@' relativBt@wigied over

the oxide filmand fills the opening. pair ffusifon regions is forned

on df@%g%%f%cé'o‘f’ﬂ% Qémfc'aﬁgggt% %t%tbalA dt%*?é fbr?n*é bse‘?v@‘e&r?ﬂgéa’tﬁ%ngf)f ?f"t e

hannel regi on 0 exte general 'y vert

sem conduct.or substrate. 4 WO 2006/ 02577 PCTI US2005/ 030665
source/drain regions.

[0008] | In still another aspect, the invention encompasses a semiconductor
construction that includes a conductive post extending upwérd from an upper surface of
a semiconductor substrate. A source/drain region is formed below the cbnductive post
within the Hsemiconductorr substrate and is electrically coupled with the conductive post.
A transistor channel extends below the source/drain and a gate is formed within the
semiconductor substrate adjacent the transistoryc':hannel. |

- [0008]  inyetanother aspect, the invention encompasses a method of forming a
semiconductor construction that includes providing a semiconductor substrate with an
-opening. An oxide film is formed over the semiconductor substrate within the openi'ng.
A conductive gate material is provided over the oxide film and fills the openiné._ A pair
of diffusion regions is formed on opposite sides of the gate maferial within the
semiconductor substrateiand a channel region is defined to extend génerally vertically

within the semiconductor substrate.




BRI EF DESCRI PTI ON OF THE DRAW NGS [0010] Preferred enbodi nents of the

i nvent i onwao goodesord bed below with reference to the fol PONIRWOHEWEEBpanyi ng
drawi ngs. [0011] Fig. 1 is a diagrammatic, top plan fragnentary view of a
sem conductor construction at a prelimnary processing stage of an

exenpl ary aspect of the present invention. [0012] Fig. 2 is a
cross-sectional view taken along line 2-2 of the Fig. 1 fragnent. [0013]
Fig. 3is aviewof the Fig. 1 fragnent shown at a processi ng stage

subs BRIER DESCRIEATION GFFHE DRAWINGSig. 4 is a cross-sectional view taken
along line 4-4 of the Fig. 3 fragment. [0015] Fig. 5is a view of the Fig

3 fraguro] ShovmreRdrad BB6ERSEME CFRAmMVentids e @scrited batbwokittri 9. 3. [_0016]
Fig. is"a cross-sectional vi ewtaken along line 6-6 of the Fig. 5

fraggggre?%%%gﬁygoﬁb\ggg Clcgm? g,fv‘;] FI g. 5 fragnment rotated 90

degr ectl vi ew taken along line 8-8 of the

T S s el g s *

cross-sectional view taken along line 10-10 of the Fig. fragrrent [ 0021]

Fi g. cpnstrgc@pn/atea/pmhmnnarymr@cessm@@ga@a]@f a@e&@r@almaaagcte@fsthe[maa@]t Fig. 12

is a cross-sectional view taken along line 12-12 of the Fig. 11 fragnment. 5
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[0012] Fig. 2 is a cross-sectional view taken along line 2-2 of the Fig. 1 fragment.
[0013] Fig. 3 is a view of the Fig. 1 fragment shown at a processing stage
subsequent to that of Fig. 1. |

[0014] Fig. 4 is a cross-sectional view taken along line 4-4 of the Fig. 3 fragment.
[0015] Fig. 5 is a view of the Fig. 3 fragment shown at a processing stage |

subsequent to that of Fig. 3.

[0016] Fig. B is a cross-sectional view taken along line 6-6 of the Fig. 5 fragment.
[0017] Fig. 7 is a view of the Fig. 5 fragment rotated 90 degrées. |

[0018] Fig. 8 is a cross-sectional view taken along line 8-8 of the Fig. 7 fragment.
- [0019] Fig. 9 is a view of the Fig. 5 fragment shown at a processing stage

subsequent to that of Fig. 5.

[0020] Fig. 10 is a cross-sectional view taken along line 10-10 of the Fig. 9
fragment.

[0021] Fig. 11 is a view of the Fig. 9 fragment rotated 90 degrees.

[0022] Fig. 12 is a cross-sectional view taken along fine 12—12 of the Fig. 11

fragment.



[0023] Fig. 13 is a view of the Fig. 9 fragnent shown at a processing stage
subsequemwotaetobgt;s of Fig. 9. [0024] Fig. 14 is a cross j i ew taken
along line 14-14 of the Fig. 13 fragnment. [0025] Fig. E@Sﬁﬁgiogﬂﬁog% of the
Fig. 13 fragnent rotated 90 degrees. [0026] Fig. 16 is a cross-sectional
view taken along |line 16-16 of the Fig. 15 fragnent. [0027] Fig. 17 is a
view of the Fig. 13 fragnent shown at a processing stage subsequent to that
of Fig. 13. [0028] Fig..18 is a cross-sectional viewtaken along |ine 18-18

of tipe2Big. 17igf taw®vkw deQ_ﬁ@%gz.@j fgagrh@nt shaww beW Rbcddindrstagel 7 fragnent
rotated 90 degrees. [0030] Fig. 20 is a cross-sectional view taken al ong

lin z & totther & 9 fragnent. [0031] Fig. 21 is a view of the Fig. 174
fragsnuégfagﬁom at (gf%?'o%essi ng stage subsequent to that of Fig. 17. [0032]

Fig. i A : ti Y t ak I . 22: 2 f-the Fig. 21
Fradnbae] [ oo B % sirdtSegtiondly St Bl 4550 o Tur L AERE Flor dPea oo
degrees, [0034] Fig. 24 is a cross-sectional view taken along |line 24-24 of

t he frAMe3  fragnent. [0035] Fig. 25 is a view of the Fig. 21 fragment
shown at a processing stage subsequent to that of Fig. 21. 6

[0025] Fig. 15 is a view of the Fig. 13 fragment rotated 90 degrees.

[0026] Fig. 16 is a cross-sectional view taken along line 16-16 of the Fig. 15
- fragment.

[0027] Fig.17isa view of the Fig. 13 fragment shown at a processing stage

subsequent to that of Fig. 13.

[0028] | Fig. 18 is a cross-sectional view taken along line 18-18 of the Fig. 17 .
fragment. | |

[0029] Fig. 19 is a view of the ng. 17 fragment rotated 90 degrees.

[0030] Fig. 20 is a cross-sectional view taken along line ZO-ZO of the Fig. 19
fragment.

[0031] Fig. 21 is a view of tr.xe‘ Fig. 17 fragment shown at a processing stagé

subsequent to that of Fig. 17.

[0632] | Fig. 22 is a cross-sectional view taken along line 22-22 of the Fig. 21
fragment.

[00?;3] Fig. 23 is a view of the Fig. 21 fragment rotated 90 degrees.

[0034] | Fig. 24 is a cross-sectional view taken along line 24-24 of the Fig. 23
fragment. |

[0035] Fig. 25 is a view of the Fig. 21 fragment shown at a processing sfage

 subsequent to that of Fig. 21.




WD 2006/ 028775 PCT/ US2005/ 030668 [0036] Fig. 26 is a cross-sectional view
t aken al onygol200s2826526 of the Fig. 25 fragnent. [0037] Pcwus200sioso6ss vi ew of
the Fig. 25 fragnment rotated 90 degrees. [0038] Fig. 28 is a cross-sectional
view taken along line 28-28 of the Fig. 27 fragnent. [0039] Fig. 29 is a
view of the Fig. 25 fragnent shown at a processing stage subsequent to that
of Fig. 25. [0040] Fig. 30 is a cross-sectional view taken along |line 30-30
of the Fig. 29 fragnent. [0041] Fig. 31 is a view of the Fig. 29 fragnent

r ot at §A0%8)] degr &G .29 BoALiosEspcticnali dew taansalosg tine A6 ofitbevAigkd®n al ong

| ine 32-32 of the Fig. 31 fragment. [0043] Fig. 33 is a viewof the Fig. 29
fragmagngdmwn at a processing stage subsequent to that of Fig. 29. [0044]
Fig. 34 is a cross-sectional view taken along |ine 34-34 of the Fig. 33.

fr aggZ@é T]Oggg?}: l__g?:&g? is3PvieW &f b By 25 frggmgplgroté't%df gﬁ%?%g% rotated 90

degr 36 is a cross sect | view t ong |ine 36-36 of
t he Fi 0047] | Vv gnent
shown [§93§]5pr chgejr%rsse{ 86’&5"%%?@88%fd’é%ﬁ%’§9”t¢4§¥v9 grf’e égéé:%fghe?ﬁ&) ] Fig. 38
is a cross-sectional view taken along line 38-38 of the Fig. 37 fragnent.

fragment.

{0039] Fig. 29 is a view of the Fig. 25 fragment shown at a processing stage

subsequent to that of Fig. 25.

[0040] Fig; 30 is a cross-sectional view taken along line 30-30 of the Fig. 29

fragment.

[0041] ~Fig. 31 is a view of the Fig. 29 fragment rotated 90 degrees. ¢
[0042] Fig. 32 is a cross-sectional view taken along line 32-32 of the Fig. 31

fragment. 7

[0043] | Fig. 33 is a view of the Fig. 29 fragment shown at a processing stage

subsequent to that of Fig. 29.

[0044] A Fig. 34 is a cross-sectional view taken along line 34-34 of the Fig. 33.
fragment.

[0045]  Fig. 35 is a view of the Fig. 33 fragment rotated 90 degrees.

[0046] Fig. 36 ié a cross-sectional view taken along line 36-36 of the Fig. 35 |
fragment. |

[0047] Fig. 37 is a view of the Fig. 33 fragment shown at a processing stage

subsequent to that of Fig. 33.
[0048] Fig. 38 is a cross-sectional view taken along line 38-38 of the Fig. 37

fragment.



7 WD 2006/ 028775 PCT/ US2005/ 030668 [0049) Fig. 39 is a view of the Fig. 37
f ragment weitemk720 degrees. [0050] Fig. 40, is a crospEaghenabecyi ew t aken
along line 40-40 of the Fig. 39 fragnent. [0051] Fig. 41 is a view of the
Fig. 37 fragnent shown at a processing stage subsequent to that of Fig. 37.
[0052] Fig. 42 is a cross-sectional view taken along |line 42-42 of the Fig.
41 fragnent. [0053] Fig. 43 is a view of the Fig. 41 fragnent rotated 90
degrees. [0054] Fig. 44 is a cross-sectional view taken along |ine 44-44 of
the JoO#9]43 fFiggBons a \jéd0obiheFig. 37 Fragment wiatedd0 dégreBsg. 41 fragment
shown at a processing stage subsequent to that of Fig. 41. [0056] Fig. 46
'S 3gusRas- Seckigonalis kicued skl God thkaealbhy fhod0-Adef fdFigise fragment
[0057] Fig. 47 i's a view of the Fig. 45 fragnent rotated 90 Gegrees. [0058]
Fi g. ﬁé‘i"[‘bﬁ a cross-sectional view taken along line 48-48 of the Fig. 47

fra . f0059] Fig. 49 is a cross-sectional fragnentary view of a

sem co ctor _construction_at fipal processing, stage of one exenpl ary
enbomql}’ggt of E'Hegbr‘%%’#ﬁw ofﬁ\?e’%'gr gﬂﬁéﬂﬁ?n&@%‘%gfﬁ@r Qe:fﬁ@"%{‘}e%quent to
that of Figs. 45-48. [0060] Fig. 50 is a view of the Fig. 49 fragnent

r ot saulrbeggcnkiprtaatof Fg. 37. :

[0052] Fig. 42 is a cross-sectional view taken along ‘Iine 42-42 of the Fig. 41
fragment.

[0053] Fig. 43 is a view of the Fig. 41 fragment rotéted 90 degrees.

[0054] Fig. 44 is a cross-sectional view taken along line 44-44 of the Fig. 43
fragment.A A

[0055] Fig. 45 is a view of the Fié. 41 fragment éhown at a processing stage

subsequent to that of Fig. 41.

-[0056] Fig. 46 is a cross-sectional view taken along line 46-46 of the Fig. 45

fragment.

[0057] Fig. 47 is a view of the Fig. 45 fragment rotated 90 degrees.

[0058] Fiyg. 48is a cross-sectional view taken along line 48-48 of the Fig. 47
fraglment. |

[0059] Fig. 49 is a cross-sectional fragmentary view of a semiconductor

construction at a final processing stage of one exemplary embodiment of the present
invention at a processing stage subsequent to that of Figs. 45-48.

[0060] .Fig.. 50 is a view of the Fig. 49 fragment rotated 90 degrees.




CVO 2006/ 028775 PCTI US2005/ 030668 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT\wd Q98dds775hi s di scl osure of the invention is S:M '
furtherance of the constitutional purposes of the U S Pa é{gézg%é(iﬁgﬁgto

pronote the progress of science and wuseful arts” (Article 1, Section 8).
[0062] Wth respect to nenory integrated circuitry, the area over a
substrate required for each nenory cell in a nenory array partially
determ nes the capacity of the device. This area is a function of the

nunben pt ARl EDEESCRIPERSN OFe TPE PREIFE RREDIMBODIRFENFS each of the
el ements. For conventional nenory cells, the area is stated to be 8F2,

wher e @Qégﬂ:rese”’f@s%iéﬂl&ﬂ@f%ﬁﬁd&%ﬁtiéﬁ ?@sﬁﬁ?ﬁittﬁeg}ﬁeﬂr{ﬁeﬁ‘%@B Al |y- defi ned

feat ur d the dimensions o e conventiona area 1S by 4F. These

U, BarGHUiaRA RGOSR of Bk Sok RERT KBTS SSUMPB S EoROr3. o YHIP Bl omber

25, 2003, the disclosure of which is incorporated herein by reference. U S.
Pat entusafipl artsat(AeiciedbSecten 8h No. 2003/ 0234414 Al di scl oses
state-of-the-art nmenory devices wherein the nenory cells have cell areas on
t he or[@ep2pf 4F2WitByrespettce noémboheintédBateeadirmuitry/\tind & o\ a Sulldtiatat i on No.
2003/ 0234414 and conparing such disclosure to the disclosure of the present

| nventibghired fos&&H theforyRARTS TaQﬁémbﬂﬁésra%/ Péﬂ@ﬂl?@@fﬁrrﬁiﬁ‘é@ﬂfé Gipadity O 95ES

menory circuitry that includes nenory ce areas on thé order of " 4F2.

foo@“dé(??é’%f%%rérjeﬂgs LGuhRbt ofth@Mimbdidi%le eﬁts%%%?la?ﬁ&%ﬁncéﬁ afdthe 1) 2
seni conduct or co havr g y

pOﬂStl’UCtl on I'Tpl’l Ses a subst rfate I a prl‘r’rar.
2 an S0l o8tk PRIME oRRIRLS, Rbe Chi AL iR ool fos SISTERRERE of  or

consist_of a monocrystalline sem conductor materjal, and in particular

aspect&F mher@@r@qrg@;ntg @n'ging';muggf@@turpagiz;q,fo(sphot@,ﬁthog’raphically-deﬁned

features; and the dimensionsbf the conventional cell area is 2F by 4F. These memory
cell dimensions and areas are readily understood by referring to US Patent Application
Publication No. 2003/0234414 A1, published December 25, 2003, the disclosure of
which is incorporated herein by reference. U.S. Patent Application Publication No.

' 2003/0234414 A1 discloses state-of-the-art memory devices wherein the fnemory cells

“have cell areas on the order of 4F%. By review of the U.S. Patent Application
Publicé.tiOn No. 2003/0234414 and comparing such disclosure to the disclosure of the
present invention, it should be understood that, the present invention discloses memory
circuitry that includes memory cell areas on the order of 4F2, |
[0063]) Now referring to Figs. 1 and 2 (Fig. 2 a cross'section of Fig. 1), a
semiconductor construction 10 comprises a substrate 12 having a primary surface 13
oriented. generalrly horizontally and is alternatively described as an upper surface.
Substrate 12 can comprise, consist essentially of, or co‘nsiét of a monocrystaliine

semiconductor material, and in' particular aspects will comprise, consist essentially of, or



9 WD 2006/ 028775 PCT/US2 0 0 510 3 0668 consi st of nonocrystalline silicon

| ightly-doped with appropriate background-type dopant e,
subst r at"¥02¥602% e a portion of a monocrystalline si Ilr%fgﬁézv(\’g%@rggés To aid in

interpretation of the clainms that follow, the ternms "sem conductive
substrate” and "sem conductor substrate" are defined to nean any
construction conprising semiconductive material, including, but not linted
to, bulk sem conductive materials such as a sem conductive wafer (either

al one or in enbl.les .conpri,sjing other, materjals thereon), and

e st ek oBBe et et frEh dodisl it ApRiste Basiiarahind "Conpr i si ng
other materials). The term"substrate" refers to any supporting structure,
i néloganhgfonexarmple, substiadel 1Rsan br aftatien abiactonosnyinline stlisen weafer.i bed
above. In one exenplary enbodi ment, substrate 12 conprises a bulk

senccaiddo dtterpreiatison matie cairbsitiat folldverthe temeSsemitendwctivesabsirated! | i ne
silicon substrate or wafer. [0064] Still referring to Figs. 1-2; isolation

r e@ndngedrcatideictdrsiBeratd” aHb abfifé® o mean! dhysthsBNENEN 86, ﬂ&h?di ment,
i solation regions 14 conprise shallow trench isolation FSTI regi ons. The

i's o j ‘ [ nalLek : | eavi ng
eorriEHRuIcEPe 2o, FE B AR ettt o PR L RO o R REe AT o i ane. 14.
Regi ons 16 of.substrate 12 are defined. by isaglation regions 14 and are
comt 88 s s Snico R RuVesh Sl otd S teai R som Sha et " 157 Bo6s)
Referri.nlg to Figs. 3 and 4, (Fig. 4 is a cross section of Fig. 3), a nitride
| ayRgtenials; tse@@@isa E3erpigenduptine matarial tayers (qithes alester artia assembliepsol at i ons
regions 14. An exenplary thickness of nitride layer 18, that is the height
i ncohipising othedendtayads). Tthe tortrefelbstrated refefs tramppaypsting atrecti®e, ranges from
about 2,000 Angstrons to about 3,000 Angstrons. _

including, but not limited to, the semiconductive substrates described above. In one

éxemplary embodiment, substrate 12 comprises a bulk semiconductor substrate or bulk

wafer, for example, a monocrystalline silicon substrate or wafer.

[0064] Still referring to Figs. 1-2, isolation regions 14 are formed in substrate 12.

In one exemplary embodiment, isolation regions 14 comprise shallow trench isolation

(ST!) regions. The isolation regions 14 extend generally in parallel and spaced rows

leaving regions 16 of substrate 12 between respective rows of isolation regions 14.

Regions 16 of substrate 12 are defined by isolation regions 14 and are configured as

parallel and spaced rows having upper surfaces 13.

[0065] Referring to Figs. 3 and 4, (Fig. 4 is a cross section of Fig. 3), a nitride

layer 18 is deposited over upper surface 13 of substrate 12 and isolations regions 14.

An exemplary thickness of nitride layer 18, that is the height in which nitride layer 18

extends upward from upper surface 13, ranges fi'om about 2,000 Angstroms to about

3,000 Angstroms.
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10 WO 2006/ 028775 PCT/ US2005/ 030668 [0066] Referring to Figs. g It
shoul d bewwormles/esoi5d that al|l four figures represent tH’é:Té&?ﬁo%a W8ssi ng
step. Figs. 5-6 represent a first orientation and Figs. 7-8 represent a
second orientation that is oriented 90 degrees fromthe orientation of Figs.
5-6. Nitride |layer 18 is patterned and etched to formtrenches 20 (Fig. 8)
that extend down to substrate 12 to expose upper surface portions 22 of
substrate 12. Trenches 20 al so expose isolation region portions 24 of

i sol al%06R] r egi dreferring torfdgiS-8i eheuldde qrgjqrgtoopéh@t ghfqusfigetesas nitride
rows or runners 18 that extend generally in a spaced and parallel relation
or i eneprespel feneirelpasdegsing dtep. Higse&tt mpresentresfiiss ofianiation eedi fogs. 7:8.

Upper surface portions 22 of substrate 12 are generally bounded by isolation

regi GBprdi@int a@R8oRAd ofbniaioh Mt oFieaed D dégr@ee froink fHeleriématiod 8f FryRd are
general |y shaped as squares. I n one exenplary enbodi nent, the etching step

| ncl #SR ﬂ‘lo‘e\’lﬁ E p%fﬂer@éﬁgéﬁé 8 c‘?“e'd%rfé‘lt?rg?re%ﬂeg Qot(? gﬁ%?wft%%e gstrons.

[ 006 erri n at1on regl on porti are ched to

of sutrat & 'l?qsir%?er éé&é%%r%%eﬁgﬁé%?t RRantongeod b PBkact . TEGNBRE 28" vl

10). In one exenplary enbodinment,” the etch process conprises a Reactive |on
Et ch §l$© pXpoge eg@tl@alﬁe@owortms&{ pligolayion iegiRng rldd el haRitidaslaygr 2B exposed
silicon of substrate 12, for exanple, upper surface portions 22. The recess
et ch left pastemesi atenitridesrod® arfrusnest tatheat BRtad gdnerally i ®spgcathahg covered by
the insulative material of isolation regions 14. The isolation regions 14

are r;%reﬁeedlafnbﬁrasnenfe@rmpefﬁdnemeuy 1S L ige@iRUdf the MUafhlORdgieHEB1pel ow  upper
surface portions 22 with another exenplary recess range of about 800 to

ggf’\‘j\;en r ecess@gﬁa‘r{ iHE®22 st@d&‘%ra?é‘?Q@ré”gén@Fﬂwqidﬁ%d tfy 6685 rdyihance

portlons 24 of isolation regions 14 and nitride rows 18, and are generally shaped as
squares. In one exemplary embodiment, the etching step includes an over-etch of
substrate to range from 0 to about 300 angstroms.

[0067] Referring to Figs. 9-12, isolation region portions 24 are etched to recess
isolation regions 14_elevationally below upper surface portions 22 of substrate 12

- leaving recessed surfaces 26 of isolation regions 14 (Fig. 10). In one exemplary
embodiment, the etch process comprises a Reactive lon Etch (R.1.E.) and would be |
selective to the nitride runners 18 and exposed silicon of substrate 12 for example,
upper surface portions 22. The recess etch exposes sidewalls 27 of substrete 12 which
were originally covered by the insuiatiQe material of isolation regions 14. The isolation
regions 14 are recessed from a range of about 500 to about 1,500 angstroms below
upper surface portions 22 with another exemplary recess range of about 800 to about

1,500 angstroms. In one exemplary embodiment, a recess distance between recessed

surfaces 26 and upper surface portions 22 equals about 1,000 angstroms. A clean etch
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surfaces 26 and upper surface portions 22 equals about 1,000 angstronms. A

cl ean etgh o5 2R06/ 028775 PCT/ US2005/ 030665 is perf%%g260g/0§0%g§)ve
resi dual oxi (16 ?rom over -sidewal | s 27 and upper surface portions of

substrate 12 with an exenplary clean etch being a wet hydrofluoric (HF)
etch. [0068] Referring to Figs. 13-16, a nitride liner 28 is provided over
substrate 12 and structures forned thereon to protect exposed portions of
i solation regions 14 (e.qg. recessed surfaces 26 illustrated in Figs.

9-1%p eharrﬁ@@t&fgﬁgb@ws,%@%d@ﬂ%m Her SiBbHKNESS a Beruppr §u.¢§cé iner 28 ranges

from about 30 t out 1 angstronms. A sacrificial ayer for exanpl e,

FunREPISHEE2 B Rt SRR U, B o S ponb P R B THI Nges

bor ophosphorus silicate glass (BPSG and/or a TECS | ayer. A planar etch is
per1e d to planarize the SOG |ayer 30 until the planar etch stops at
nitride rows 18 wherein nitride rows 18 function as an etch stop. An
exefPP&8Y pl arﬂﬂfeﬁtr@ltodﬁgﬁﬂ&-é@ ahiridg inesP8da providdthoveralubptrbiest ng)
processing. [0069] Referring to Figs. 17-20, the SOG | ayer 30 is patterned

andasd| steictvrek Yornedd trested o t6 prowe gxposedpsrtiohs S06olatigR re@6ng 24f(ergn openi ngs
31 through the SOG | ayer 30 to expose nitride [iner 28 over upper surface

por‘i’ééﬁé%e@%ﬂacég%tlﬂ@étﬁatéa in E@%”@H@ Yin Gr%‘ék&HO%Q Bo&@béfﬁpgsed portions
of e

nitride liner 28 are squar Por I ons of | ayer remain as towers

M L RN o s e S

ortion the nitride, I|ne remgved t se t er surface
Borqu(?ﬁéozgo"oefxa”&ﬁs? SAeongl asﬁﬂsééﬁﬁ\fed@p@c"éfﬁ?dt@fﬁ Beg%@p ortions of

nitride liner 28 from over
between nitride runners 18. Other exemplary materials for sacrificial layer 30 includes

borophosphorus silicate glass (BPSG) and/or a TEOS layer. A planar etch is performed
to planarize the SOG layer 30 until the planar etch stops at nitride rows 18 wherein
nitride rows 18 function as an etch stop. An exemplary planar etch comprises CMP
(chemical méchanical pblishing) processing. u

[0069] ‘Referring to Figs. 17-20, the SOG layer 30 is patterned and selectively
etched to remdve portions of SOG layer 30 to form obehings 31 through the SOG layer
30 to expose nitride liner 28 over upper surface portions 22 of substrate 12. Exemplary
configurations'of exposed portions of nitride liner 28 are squares. Portions of SOG
layer 30 remain as towers éxtending upward from substrate 12 between nitride runners
18 with exemplary configdrations for the towers being rectangular. The exposed
portions of the nitride liner 28 are removed to expose the upper surface portions 22 of
substrate 12. An exemplary etch to remove the portions of nitride finer 28 from over
upper surface portions 22 inéludes a selective nitride etch. After removal of the portions

of nitride liner 28 from over upper surface portions 22, openings 31 extend to upper
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upper surface portions 22 includes a selective nitride etch. After r enoval

of the porgbangsn29fisnitride [iner 28 from over upper surbaggisBR5lobRes 22,
openi ngs 31 extend to upper 12 WD 2006/ 028775 PCT/ 1.JS2005/ 030668 surface

portions 22 and are defined or bordered by the towers of SOG | ayer 30 and
nitride rows 18. An exenplary selective nitride etch will over-etch nitride,
for exanmple nitride rows 18, fromO to about 300 angstrons and preferably
stop at silicon substrate 12. In one exenplary enbodi nent, the exposed

uppersusiackanations P2 eng &8 deffinsdlsitiordered by teeftbwersusmsoel Ia?ew dmendar eas of
substrate 12 that will serve or function as active areas for subsequently

o o oot A B 4 el GRURIo UL SIS foPdxdiiple? bl anke

i nsul ative | ayer, , orned over

substrate 12 fill.s openi 31. . The ex ary, TEOS 'l ayer i

ani sSYYig r@ﬁsﬁwgfﬁgéot%%gﬁ@ﬁ@sp??ﬁaaﬂaeéﬁ%k%aégaggﬁ’ at §'ﬁ¥%ﬂ‘,§98§{ﬁt?i de rows
18 and SOG | ayer 30. An exenplary etch includes a reactive ion etch |eaving
- sacrliZi ¢n gne erecEblayprabadigentatieraiPosed HPERHFWERGS PRRiaR®ER B eobsisatghout

500 angstrons fromthe sides of nitride rows 18 and SOG | ayer 30. The

sacr i 12 défine OGS as padacs afhsnafraubstratgptd thag svilBseiveavrifugctipenas attive

cylindrical openings 32 exposing a smaller surface area of upper surface

por t izp85s 26 subisequentyx il doBodwahdrensirudibids, spacers 34 inprove the
critical dinmensions possible for subsequently forned structures provide

over @b?b?on “pﬁéferr;@ gogﬁ@spéﬁ1240ré;oi%%(é?ﬁns;{%ﬂ\%gg%%ﬂﬂ'?értefx%h?plé%-xk{ﬁ@gg1]

Referring“to Figs. I'n sonmgé buf not Fments, 'a ni

32 e iR shBh Ry suRBn 2 43 ShRedRct Ra: Tha ARmRNL RO (The

first nitride liner being 28) over sacrificial TECS spacers 34. An

exenpR¥RTySANIAtaRRAly Qeled i farmpsasyiieal AERS snagers Bhgver nitride rows 18
and SOG layer 30. An exemplary etch includes a reactive ion etch leaving sacrificial
TEOS spacers 34 laterally extending from about 200 to about 500 angstroms from the
sides of nitride rows 18 and SOG layer 30. The sacrificial TEOS spacers 34 narrow
opénings 31 leaving generally cylfndrical openings 32 exposing a smaller surface aréa
of upper SLxrface portions é2. In one exemplary embodiment, TEQS spacers 34
improve the cryitical dimensions possible for subsequeﬁtly formed structures provide
over or upon upper\surface portions 22 of silicon substrate 12.
[0071] 4 Referring to Figs. 25-28, in some but not all embodiments, a nitr_ide
material is provided over silicon substrate 12 to fill cylindrical openings 32 and then
anisotropically etched to form ancther nitride liner 36 (the first nitride liner being 28) over
sacrificial TEOS spacers 34. An exemplary ahisotropic etch will provide a nitride liner
36 having a thickness ranging from about 50 to about 200 angstroms. After the

anisotropically etch to form nitride liner 36, a reactive ion etch is performed to remove

nitride liner 36 from over upper surface portions 22 of silicon substrate 12 wherein upper
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36 having a thickness ranging fromabout 50 to about 200 angstronms. After

the ani s spomard y etch to formnitride liner 36, a rRaghdY@dsdsgetch is
performed to renmove nitride |liner 36 fromover upper surface portions 22 of

silicon substrate 12 wherein upper 13 WO 2006/ 028775 PCT/ US2005/ 030668
surface portions 22 of silicon substrate 12 are again exposed. In one
exenpl ary enbodinment, the nitride liner 36 will protect TECS spacers 34
during subsequent etch processing and/or during subsequent silicidation
pr sedacd pgrtions@22if sitebr substyateo! Farpsagdin-e3posdéch lamrexexgmalay embodi ment ,
further etching and planarization processing can be perforned to

el emmlodimaeht, yhd witkie !Héesen/mﬁ?r@t@bf TESS §placehd 84 ddAng @WBsdGuambtsids | ayer 30
relative silicon substrate 12 to a pre-selected eleéevation or height above

up i ' ; + eight of nitride rows 18 and
S chéglpbg%%{%ﬂnpa%tﬁgéggﬁéﬁﬁl}%ﬂﬁﬁﬁgé%ﬂ@e-sel ected hei ght of

su entlyforned epitaxial, structures relative substrate 12. Posts or

pi W@% 38 aﬁé%f?"&q We'g‘géxé%%’gi' Hbar&gmpw(@%ry SH%&QBB%%? reﬁg'a'PfJ portions
22 of silijicon substrate 12 thr oug(h cylindrjcal openings 32..1n one

ex BIRPREEIRHHOREFRENG Capbetrermyrmed o glavatignalibiomier see BpPeasiERces P con gr own
or fornmed from exposed upper surfaces portions 22 of silicon substrate 12.
Positidss8owm V@ ang 0 G saydh S0orel@vessilibon substreteck2 fph grg-seteddedi ment , upper
surfaces 39 are forned el evationally bel ow upper surfaces 47 of nitride

r owvafomior Reight e@Pltet stirfeicatdorticis 20.f Batlepeesdlietial dight oflniffife t o about
1,500 angstrons. Exenplary posts 38 conprise a height (nmeasured from about

' i ' 1,000 to about
l{pgﬁo?/%s is a?lH@@G‘?a%?réo' f%ﬁta%g? gt/r‘\)e fb‘?ﬁf’a’hoﬁ‘é’f%?@@-ﬁe@%ﬁ%}] g?@g%f o abou

angstrons. ternative an exenpl a epitaxial silicon

P08l PAD R b et BRGS0 R F5PRYR Bl gk omoi

formed extendihg upward from exposed upper surface portions 22 of silicon substrate

12 ihrough cylindrical openings 32. In one éxemplary embodiment, posts or pillars 38

comprise epitaxial silicon grown or formed from exposed upper surfaces portidns 2270’1‘

silicon substfate 12. Posts 38 have Upper surfaces 39 and, in one exemplary

‘embodiment, upper surfaces 39 are formed elevationaﬂy below upper surfaces 47 of

nitride rows’ 18 with an-exemplary elevational difference being abéut 1,000 to about

1,500 angstroms. Exemplary posts 38 comprise a height (measured from about upper

surface portions 22 to upper surface 39) of about 1,000 to about 1,500 angstroms. |

Alternatively, an exemplary height of epitaxial silicon posts 38 can be considered in

terms of a percentage height relationship relative the height of nitride rows 18 extending

from silicon substraté 12. For example, epitaxial silicon posts 38 are formed to extend

from upper surface portions 22 to be within about 50% to about 70% of the height of

nitride rows 18, and a further exemplary range of about 60% to about 65% of the height

of nitride rows 18. In some embodiments, epitaxial silicon posts 38 will serve or function
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fromsilicon substrate 12. For exanple, epitaxial silicon posts 38 are
formed towex1e610R87Tsr om upper surface portions 22 to be vﬁq[ﬁﬁ]%(’%[’ﬁ“w%to
about. 70% of the height of nitride rows 18, and a further exenplary range
of about 60%to about 65% of the height of nitride rows 18. In sone
enbodi nents, epitaxial silicon posts 38 will serve or function 14 WO

2006/ 028775 PCT/ US2005/ 030668 as an electrical contact between a charge
storage device or data storage el enent (such as, for exame)ll a capacitor

deviafedn glRetrical cantact Pefwersraeharor siogee feyice orplale sieiags &eﬁ’befétxpl ai ned

nmore thoroughly bel ow. Alternatively considered, posts 38 wll serve or
f uncisiicim aasfoa enanple,egtapacitbodedeangricka rageigtardonined in sulgeguenti scussed
nore thoroughly subsequently. .[0073] An exenplary alternative process to

f or mrBeesdihg aaricBéx1hinkE PRorBARbBUGRIY Selbw. Alepngivelyecdrenbret] pesteaBeri al over
substrate 12 wherein cylindrical openings 32 are filled with the conductive

mat efdal I L.ter j Me. } sak 4 di ng

out \;\e\/gilp%'egfé Q&ﬂ?"ﬁﬂ?ﬁé‘g% @%&gﬂﬁé bog{gép?%?r?@ﬁove %/ere%?r%@gﬁyd%@;éﬁgg or bl anket
“etchi n%@re@@glé down lto upper surfaces 47 of nitride rows 18. The
condti€ O PHBPCqUEN ren recessed into the cylindrical openings 32

| eavi ng the conductive naterial elevationally bel gw upper surfaces 47 of

ni t r Q%3 ows. A expiRladn abieaiyapyocessde MiRGPPHRXAks! PPRE$ 3§ imbdut 1, 000
to about 1,500 angstrons. An exenplary conductive material includes undoped
or digpasitpotyrductive mataraleiver shiestuatéoifadhenein gindricalropemings 32 adwped at sone
stage of the processing. [0074] Still referring to Figs. 29-32, a

condilletdi with she carcrtivé Rtefd10MMIhis 2itoeiatios pestest Ocdrdutide niatepaduct i vi ty

dopant into upper surface portions 22 of substrate 12 to form diffusion
r €91 QRENGIhg MRARErddf cylifdRAF oBEAITES 2Yis $ERBILABY lexeinpidly piamdrdihididiods.
etching, preferably down to upper surfaces 47 of nitride rows 18. The conductive
material is then recessed into the cylindrical openings 32 leaving the condubtive
material elevationalrly below upper surfaces 47 of nitride rows. 18 with an exemplary
elevational difference being about 1,000 to about 1,500 angstroms. An exemplary
conductive material includes undoped or doped polysilicon wherein the undoped
polysilicoh would be doped at some stage of the processing.
[0074]  Stil referring to Figs. 29-32, a conductivity implant (not shown) is performed
to provide a conductivity dopant into upper surface portions 22 of substrate 12 to form
diffusion regions or nodes 41. In one exemplary embodiment of the implant methods,
the conductivity dopant is implanted substantially through posts 38 leaving substantially
an entirety of the conductivity dopant within silicon substrate 12. Alternatively, a portion
of the conductivity dopant remains in posts 38 to leave p.osts 38 electrically conductive

forming a portion of the diffusion regions or nodes 41. Exemplary diffusion regions 41

comprise source/drain regions, for example, drain regions. In another exemplary
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the conductivity dopant is inplanted substantially through posts 38 | eaving
subst ant WP pAP6/02877ent i rety of the conductivity dopant VRGINIS2065d30658N
substrate 12. Alternatively, a portion of the conductivity dopant remains
in posts 38 to | eave posts 38 electrically conductive formng a portion of
the diffusion regions or nodes 41. Exenplary diffusion regions 41 conprise
source/drain regions, for exanple, drain regions. In another exenplary is WO
2006/ 028775 PCT/ 182005/ 030668 enbodi ment, posts 38 are conductively doped
but eabasinenbPests PHata eandiictively depedbut dadgiod frymba pestissoidiffusionl t her ef or e,
formelectrical contacts between diffusion regions or nodes 41 of
subssgiores oF pofies Atdand teseerafsrmaeteatigahconiact bétweandliffiesions tédidnseaenpl ary
enbodi ment, posts 38 and diffusion regions 41 conprise an entirety of one of

a pabedH1 cTeubseqelmiyTorf8H BaRsiefora ahd 2aphSItars, N AMbtResstH S@nfliggt rical ly
coupl ed to subsequently fornmed capacitors. In exenplary processiing nethods,

o SRBUEiRERt, bobERaha HiflsirbREINS 4 Cedtblieh B CrlifbrhloP¥hRr 8 AU i 1Y
silicon substrate 12 to

out-diff . conductivity dopant, fro 38.into

For R el E RaE o hAun BT PrOACR Po5BHEAY BoRnie o SRS TR e xenpl ary
enbodi ments, diffusion regions 41 are not formed wherein a conductivity

i npfied $rRRaCEREMN) exeMplaydraerssing pediadse aLongrnatidty inpigntdaplant
substantially only into posts 38 wherein posts 38 conprise an entirety of a
onesldwa) isgiarfarfmesidomrevide ai conduetivityndopaat sebstantiaibl gnly iitd fooestsddB r egi ons 41
conprise a portion of one of a pair of source/drain regions and posts 38

conmphd $ieer@ pOLREI8 Perdrneald td da-dmesedoriduetivigi dogdnt fRpn pestsBint r egi ons.
[0075] It should be understood-that exenplary posts 38 are generally annul ar

g|rot ?ig%(lg:l l@gb%at‘g&;&ﬁéic?‘tosfﬁﬁ'ﬁ%t Mt g%\jl‘?dn B Ibn 8YiBn8s MR Yn SBARALDEL Ween
exemplary embodiments, diffusion regions 41 are not formed wherein a conductivity
implant (not shown) is performed to provide a Conductivity dopant substantially only into
posts 38 wherein posts 38 comprise an entirety of a one of a pair of sourbe/drain
regions. Alternatively, diffusion régions 41 comprise a portioh of one of a pair of
source/drain regions and posts 38 comprise aﬁother portion of the oné of the pair of
source/drain regions. |
[0075] ft should be understoodthat exemplary posts 38 are generany' annular or
cylindrical in shape and may or may not have empty space between optionally formed
nitride liners 36 ahd/or TEQS spacers 34. A nitride material 40 is provided over
substrate 12 and in cylindrical openings 32 to fill any empty space between posts 38,
nitride liners 36 and/or TEOS spacers 34 and provide nitride material 40 over posts 38
and SOG layer 30. Nitride material 40 is etched back to form upper surfaces 49 that are
recessed elevationally below the upper surfaces 37 of SOG layer 30 and below the

upper surfaces 47 of nitride runners 18 (nitride material 40 is shown as having
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nitride liners 36 and/ or TECS spacers 34. A nitride material 40 is provided
over subswoabes/okg77and in cylindrical openings 32 to fil lpcary2608RbikssPace
bet ween posts 38, nitride liners 36 and/or TECS spacers 34 and provide
nitride material 40 over posts 38 and SOG layer 30. Nitride material 40 is

' etched back to formupper surfaces 49 that are recessed elevationally bel ow

t he upper surfaces 37 of SOG | ayer 30 and bel ow the upper surfaces 47 of
nitride runners 18 (nitride material 40 is shown as having 16 WO 2006/ 028775
PCT/iniS20esdted@gsignal nitridepiimert &6).0 Exenpldry eicheisde recess sitrBl) malsreatgioar y
etches to recess nitride material 40 includes a planar or blanket reactive

| on jgticHewR SinAL6EsIB AR ek G iorBdter WaichHcbosehipsemairidiageto 30 and TEOS
spacers 34. An exenplary nitride material 40 is a sacrificial |ayer that

. 2 S ¢ 33
s i o i R AR L S R L H
34, [ 0076]. Ref ' to Figs. 33-36 or etch i ‘
por (TR e BPLI S3Ye SsBbartyer TR ek 1 bribied palERe! sFESphts
preferably to renove the SOG | ayer 30 and the TEOS spacers 34 entirely. An
exendst HHNG EHRASPIHANI PERCISSHY, dot PXRMRIE CIPMQY2s PbpOletayir 8 and hFMS de and

- silicon materials such as nitride liner 28, hard nask 40, nitride runners

18 apdcepp84. surface portions 22 of silicon substrate 12. The sel ective etch
forms openings 42 defined by nitride liner 28, posts 38 (including hard mask

40) ,[0a7d] ni t rRER it REFRys183-38< anbiadrwapet erhiiy peebened tb isigde tige di | ut ed
hydrofl uoric acid etch and/or a buffered oxide etch. [0077] Referring to

| 950338, 30 kel e ot oty EISFEE e SOQ RIS 1 e
and the TEOS spacers 34 entirely. An exemplary etch includes a selective etch to stop
etching at nitride and silicon materials such as nitride liner 28, hard mask 40, nitride
runners 18 and upper surface portions 22 of silicon substrafe 12. The selective etch
fofms openings 42 defined by nitride liner 28, posts 38 (including hard mask 40), and
nitride runners 18. Exemplary séleotive etches include a diluted hydrofiuoric acid etch
and/or a buffered oxide etch.

[0077] Referring to Figs. 37-40, a dry/wet nitride punch etch is performed to
remove nitride liner 28 from over iéolation regions 14, silicon substrate 12, and upper
surface portions 22. The punch etch also removes portions of hardy mask 40 from posts'
38. Inan éxemplary embodiment, the thickness of hard mask 40 directly over posts 38
is substantially greater than the thickness of hard mask 40 over the sides Qf post 38 to
allow the punch etch to remove side portions of hard mask 40 from posts 38 while
leaving a substantial portion of hard mask 40 directly over posts 38.

[0078]  Still referring to Figs. 37-40, a-selective dry efch is performed to remove

' upper surface portions 22 of substrate 12 adjacent posts 38 and down to isolation
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surface portions 22. The punch etch al so renpves portions of hard mask 40

~from postw 2088028775 an exenpl ary enbodi ment, the thi cknags@hodxaneksgask 40
directly over posts 38 is substantially greater. than the thickness of hard

mask 40 over the sides of post 38 to allow the punch etch to renove side
portions of hard mask 40 from posts 38 while |eaving a substantial portion
of hard mask 40 directly over posts 38. [0078] Still referring to Figs.
37-40, a ,selective dry etch is perforned to renove upper surface portions

22rarfionsdi g1 Mhleeselaktivg] Acie Alsoremicyed Poaithsds) Wbldtior @elodsl PMand Tes
2006/ 028775 PCTI US2005/ 030668 regions 14. The selective etch al so renoves -

POpbHAS d?fsili'cgﬁ's%'éﬁé‘te[)ﬂ[gié?ﬂéin' ar&tlkmwor@&{éatﬁaés faghhycon substrate.

12" remal ni ng direct el ow or Beneath posts 38 and referred to as silicon

ochBplibe Jo 2R SyPBopimtaRy aGte: ekl GRGhIsuPbOl SiklEes@eliBen et ena

el evati gnal | above sjilicon support structures 46. The sel ective etch
enganef Y@B@ﬁ‘aﬁﬁé cylndrisat By sHansp SHTNIFRG S BASHSBWRICH SKichs glevatipnally defined by
silicon support. structures 46, upper surface 48 of silicon substrate 12,
andboyspeiicenstippet shucttirés46 ailherselasve atchlenlargas epeningsetéhicaioymenbodi nent
the punch etch will etch or recess the silicon substrate 12 to slightly

bebpanihge 44ppiet a patibacgefthar) detinbdbi eficor guppsrt dtudters 2§, upeer surface 48
el evati gnal |y bel ow upger surface 50. [0079] Still referring to Figs. 37-40,

angi fsdd Ak ioY§i|i|Ebr'1 BuBSratbor2, @RANRHRr aliaed S8 of dlatibRToBENSvAl 1RgRsed

portions of silicon substrate 12 and exposed portions of posts 38. The

BRI B i bR P B g 105 BT PPty S
ggglfq%lg(&?pﬁg%@% L}qlg%r? é,sur?gcepgos to? isgﬁatiioﬂ%éjlgr?s %2 ?ea%%ndgenggérssuorgacgofé s 38.7In one
elevationally below upper surface 50. o
[0079] Still referring to Figs. 37-40, an‘insulative film 32, for‘example an oXide, is
formed over exposed portions of silicon substrate 12 and exposed portions of posts 38.
The exposed portions of silicon substrate 12 include the bottom periphery of openings
44 defined by uppér surfaceé 48 and silicon support structures 46. The exposed
portions of posts 38 include the sidewalls of posts 38. In one exemplary embodiment,
insulative film 52 will comprise silicon dioxide and serve or function as a gate oxide or
gaté dielectric for subsequently formed transfstors. An exemplary method of forming
gate dielectricé 52 includes growing oxide on the exposed silicon surfaces of the upper
surfaces 48, silicon support structures 48 and sidewalls of posts 38.
[0080] in one exemplary embodiment, silicon support structures 46 will serve or
function as portions of channels for subsequently formed transistors. Accordingly, the
| length of silfcori support structures 46, measured from the bottom portion of posts 38 tb

| upper surface 48, will generally define a vertical length of a subsequently formed
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insulative film52 will conprise silicon dioxide and serve or function as a
gat e oxi d&®@2006/928725 di el ectric for subsequently fornmed tPGEHESZITHIIHN668AN
exenplary nethod of formng gate dielectrics 52 includes growi ng oxide on
t he exposed silicon surfaces of the upper surfaces 48, silicon support
structures 46 and sidewal | s of posts 38. [0080] In one exenplary enbodi nent,
silicon support structures 46 will serve or function as portions of
channel s, for subseguently formed transistors, Accordingly, the Iength of

si | i HBRsISiR s6RANSL4 cmfwemsm%mvwlﬁ%ﬁh@wlH@t%e@%%m ganeralifost s 38
to wupper surface 48, will -generally define a vertical length of a
subseguicat dyperpendidutbd oentatios rel28ve herafeniston sl sdndase 12 andi st or channel
46. Moreover, since the transistor channel 46 extends in a generally

vert brédnativelp staeddsingd te Pahsistbathameleleadityedd perpentivlaly torthef substrate
12, and alternatively stated, since the transistor channel 46 extends

] eSO Qo By PR e L8 F 20T e bt ween

(upper surface por sting as t I nterface between

benpndily B8 eREREh SR s btrane bl i e ARERtafio 1 s fEns8Rr""

Addi tjonal ly, iixer%rpl ary verti.cal transi stordﬁies_i ns wll include vertical
surrebw%yatw (FSIBL snsexempiant Yartieal SEansisier ?%ngm%xqmlalﬁystors in

exenpl ary enbodinments. It should be understood that the | ength of

t r ansimiasimenntan risdditithally atxeenpiaty vastigalitegnsisteddesiges wilkinciudal vecticainel  46)

w || depend on the selective etch processing step, for exanple, the |length
of - t barotihding elapeistore criveRicassalrbondidgigate ransistoraiiflegdmplagpwn into silicon

substrate 12 (i.e.; the depth of the selective etch intd. substrate 12).
5gggélnb%%irﬁéﬁﬂsngt §Kouidl 88 untibrtdod thet @ Wrghty f fFRAGEIOR chhfndiegpsi ted over
(alternatively referred to as vertical channel 46) will depend on the selective etch
proceésing step, for example, the length of time the selective etch is aﬂowed to removev
and etch down into silicon substrate 12 (i.e.; the depth of the selective etch into
substrate 12).
[0081] ‘ Referring to Figs. 41-44, a conductive material is deposited over gate
dielectrics 52 and will serve or function as transistor gates or word lines 54. An
exemplary method of forming conductive material for transistor gates 54 includes
depositing polysiliéon material within openings 44, removing portions of the polysilicon
material by CMP processing down to nitride runnefs 18, and then recessing the
palysilicon material within openings 44 to below epitaxial silicon posts 38. For exampie,
an uppér surface 55 of transistor gates 54 is formed about 1,000 angstroms
elevationally below upber surfaces 39 of epitaxial silicon posts 38. In one exemplary

embodiment, polysilicon material of transistor gates 54 is recessed to form upper

'~ surfaces 55 elevationally below an upper surface of substrate 12 (for example, the
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dielectrics 52 and wll serve or function as transistor gates or word |lines

54. An ﬁé‘%@égﬂf&%smt hod of form ng conductive materi apct@k2dos@gsSt or gates
54 i ncl udes epositing polysilicon material w thin openings 44, renoving

portions of the polysilicon material by CVP processing down to nitride
runners 18, and then recessing the polysilicon material w thin openings 44
to bel ow epitaxial silicon posts 38. For exanple, ~—an upper surface 55 of
transi stor gates 54 is forned about 1,000 angstrons ' el evational ly bel ow

uppiatersacd beeee3tpadts epidnapdubdktratd 12)0nApoptiend} Silicide lays (Bseshdvan)is
enbodi ment, polysilicon material of transistor gates 54 is recessed to form

uppﬁfrme%\fea%ﬁnsﬁs‘io@%a@gm@m é%e&h}@bgwﬁadwesmgﬁsshg%f% Sitted pate 12 (for
exanpl e, the 19 WO 2006/ 028775 PCT/ US2005/ 03066 | Nterface between posts 38
andcgd@fgmahg 12). An optional silicide |ayer (not shown) is fornmed over
trahsistor gates 54 with exenplary silicides conprising titaniumsilicide

and__cohalt silicide. (0082 ef erri .to Figs., 45-48_ an. insul ative

mat queéq or | Bpierring to ‘%ﬂ%’é’&@@é?‘smgi“fq B@F&@BBE 8 86 19forgIededVel r uct ur es
54, epitaxial silicon posts 38 and nitride runners 18.. Insulative |layer 56
fi| siicopenbsigaiedR, gaiestpiciuesitds epiaxiaksilicoreposs 38 modunitidespnneisnt8.gl ass

| ayers and TECS | ayers. Quternost portions of insulative |ayer 56 is renoved

by In€VRtive laydred6 fillsopeningLid.ngxeriplerd indutatedage 58 inciudes spimens 18 | eavi ng
insulative layer 56 extending in a line configuration between respective

ni e 1d)eRSeNE TEOSNEYs, CiéhelR poMIRy of idSLiaNe 1Rgé 58 Redndss) ectively

etched to form openings 62 extending through portions of nitride runners 18

0 HEPSEGHIR T O RIS BBk AR el TS o 1 om
AN Lo S Ry TR TLS B8Rt e BRIV BB e BB R R O
nitride ruhners 18 are patterned and selectively etched to form openings 62 extending
-through porﬁons of nitride runners 18 to expose upper surface portions 58 of substrate
12. It should be understood that portions of nitride runners 18 remain extending upward
- from and over silicon substrate 12. Exemplary upper surface poﬁions 58 of silicon
substrate 12 are configured generally as squares and bordered or surrounded by
insulative layers 56 and the portions of nitride runners 18 that remain over silicon
substrate 12. A conductivity implant (not shown) is performed to provide a conductivity
dopant into upper surface portions 58 of substrate 12 to form active areas 59, for
~ example, diffusion regions or nodes. In one exemplary embodiment, diffusion regions
59 will comprise source/drain régioris 59 for subsequently formed devices, for example,
transisto'ré. In stiﬂ another exemplary embodimeknt, diffusion regions 59 will comprise
source/drain regions to complement and in operative cooperation with diffusion regions

or nodes 41. Exemplary diffusion regions 59 comprise one of a pair of source/drain

regions, for example, source regions.
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substrate 12 are configured generally as squares and bordered or surrounded
by insul W0 2086/028§8rs 56 and the portions of nitride rurf{a/eS2S/PBAE r enni n
over silicon substrate 12. A conductivity inplant (not shown) is perfornmed
to provide a conductivity dopant into upper surface portions 58 of
substrate 12 to formactive areas 59, for exanple, diffusion regions or
nodes. I n one exenplary enbodi nent, diffusion regions 59 will conprise

sourc | nre b I
tranCdst." | R aTn E’?dner%eiéé e éé’g‘*eﬂﬁi‘é@ﬁfc;oasc%o HOEIILIRO 50
will ¢ s sour ce/ dr ns to conplenment and in operatjv
coopeﬁ‘%ﬁp 'Hga,?tsﬁ”?ﬁ F‘i‘%@P |e enis at 3§ e&i‘”gﬂ%ﬁ‘%sg?qﬂ'?f‘g {‘Pstgén regi ons
59 conprise one of a pair of source/drain regions, for exanple, source

r egi dii9cesyng\OtagrEaRigs7h mrmﬁomuepbm@p [ReqessiIchgiages i gs,

49-50, such illustrates a sem conductor construction 100 according to sone

exerrpFFigsy4@-mBooFFige419 se@esanis »eiessongntatiay ef semiegdactor tongthectiopri@@essi ng
stages of Figs. 1-48, for exanple, subsequent to the processing stages of

Fi gs. sithiaffo tHa dewASidrRaties 8nFy,. %Valt%)’\éstle@mbﬁttpbr@@e@én@@fé‘g@orﬂ?‘%@r

construction 100 simlar to the view orientation of Fig. 46 a subsequent

Pr 0CE LAt AFew Kyl CERLRRBANSAY YoRUNORERY t%ggﬂgéﬁsmewnductor

constr simlar to the view orrentation o at a subsequent
proces sta houl d be understood that ,Fig., 50 is a Vi of the
e conmttan 8Ebies R shbem el PRIGEAED drle, bbb oy dststiod e’
ori entatl on of the view for gs. 49-50 jllustrate exerrFI ary
t r ansfigt 80 igaview of the é@mtqcxf@uptﬂrmgtré@lﬂ% 100 ekbigorarapddntatee 98 Bpage
devices or data storage elenents, for exanple, capacitor devices. Such
exenptheroriendatiomat thendewffor F:gnsiEsthgs 4380 llmtrata emmplarystrarm)stes daviags ve of
menory and/or logic circuitry conprising nenory cells .

electrically coupled with exemplary charge storage devices or data storage elements,

for example, capacitor devices. Such exemplary combinations of transistors and

capacitors are representative of memory and/or logic circuitry comprising memory cells

such as DRAMs. An exemplary transistor device is referenced generally as numeral 69

and an exemplary chargé storage device or data storage element, for example, a

capacitor device is referenced generally as numeral 80.

.[0084] An exemplary transistor 69 comprises a gate 54, a gate dielectric 52 and

source/drain regions 41 and 59 (Fig. 50). Exemplary transistor 69 further includes a

channel represented generally as the region of substrate 12 where current flow 71 is

illustrated in Fig. 50 extending around gate 54 (and gate dielectric 52) from source/drain

region 59 to source/drain region 41. An exemplary portion of the channel comprises

silicon support structures 46 that extend directly elevationally below source/drain

regions 41. Exemplary channel portions defined by silicon support structures 46 are

cylindrical or annular portions of silicon substrate 12. Gate 54 extends generally
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such as DRAMs. An exenplary transistor device is referenced generally as
nuer al  && 2006028575 exenpl ary charge storage device or ogtrauWerdarsel ement,
for exanple, a capacitor device is referenced generally as nuneral 80.

[ 0084] An exenplary transistor 69 conprises a gate 54, a gate dielectric 52
and source/drain regions 41 and 59 (Fig. 50). Exenplary transistor 69
further includes a channel represented generally as the region of substrate
12 where current flow 71 is illustrated in _Fig. 50 extending around gate 54
andveidicalhydeyeward latcs%;ba*rraéwgaﬁnééaiwrpﬁrwﬁn%ﬁg%t%gnwp%@u a¢21Phi n regi on
41. An exenplary portion of the channel conprises silicon support

st r silicom esbstate Hat(upperesutfatierreptdsgntadegeneiralhais thevkorizordaitopdindsafn  r egi ons
41. Exenpl ary channel portions defined by silicon support structures 46 are

cyl sheceRrbinatgians Wi adnd®9 tfopagafples thd inwngelisiwetn pbéts IBkAdS4 extends
general ly 21 20061028775 PCT/ US20051030668 vertically downward into

n 1 WD 200 _ | rd
SunrEPRID BERAS Ay R B TP 2l hRuRILI P st SERe 1210 “Fop

i . / ' ' 4 d f Qr. I t terf bet
poseaeieieRfit &, Pl ERF oyt g e PRl kP el 2t ca From
silicon substrate 12 by gate dielectric 52. Gate 54 extends vertically

r el BeNpEidbe Updarsiond thaliaata 54 ysiRNES or arcigiRsuing ERANNAISOSEYdd t hat gate

54 surrounds or encircles t he channel portion defined by silicon support
st rdefingdeby acomeuppait siflugiuran 46x ohgiaidinglyatas Saemplary gadd Baewill |
vertical -surroundi ng-gate for a vertical transistor, for exanple, a

ver éfted a ericaiwudiongdial-gate wnsi wrtical ttansistoeXermskamplendoditioant , i f posts
38 are defined as electrical contacts and not as source/drain regions, an

ooy LSRRI o Y WA LA SIBbAM D01 K
electrical contacts and not as source/drain regions, an entirety of transistor 69 is .
formed within the silicon substrate or bulk wafer 12. Alternatively stated, transistor
69 is formed at or below an uppermost surface of wafer 12.

[0085] Exempl_ary source/drain regions 41 comprise drain regions. Exemplary
source/drain regions 59 comprise source regions. In one exemplary embodiment, a
single source/drain region 59 will Compris'e an entirety of the source region for transistor
69. In another exemplary embodiment, a pair of source/drain‘ regions 59 formed on
opposite sides of gate 54 will comprise an entirety 6f the source region for transistq'r 89.
In one embodiment, activation of transistor 69 establishes current flow 71 from source
region 59 downward through silicon substrate 12 below and around a bottom end of
gate 54 and back upward through the channel portion 46 and to drain region 41. During
processing subsequent to Figs. 45-48, hard masks 40 directly over posts 38 are

removed and portions of insulative layer 56 directly over hard masks 40 are removed to

expose upper surfaces of posts 38. Conductive material 102 is formed over and in
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69 is formed at or bel ow an uppernost surface of wafer 12. [0085] Exenplary
sour ce/ dr avo 20sgi®1s 41 conprise drain regions. Exenpl ar ycT8Qb40sA50ERI N
regions 59 conprise source regions. In one exenplary enbodinent, a single
source/drain region 59 will conprise an entirety of the source region for
transistor 69. In another exenplary enbodi nent, .a pair of source/drain
regions 59 formed on opposite sides of gate 54 mﬁll conprise an entirety of

the so transi st or activation of

tr ansoden wiE Bodfhae Toshd B SbBicSFiasindh B R uRIEN GrERUCT AR 6 1Wanar o
through silicon substrate 12 bel ow and around a bottomend of gate 54 and
backisupsssiticamiodagh pofsilicarmieds poralindigs 0%t eﬂes:tm%hqs?umg@ dianaistoBur i ng
processi ng subsequent to Figs. 45-48, hard masks 40 directly over posts 38
are 6@eﬁmpeﬂséﬁdopmmsémmanWHohnedHamb&mfbamennﬁé,dﬁp&ﬁtﬂsSOver hard masks 40
are removed to expose upper surfaces of posts 38. Conductive material 102

S gogBsY over ARnskehhiay PR OR T RATLLEGALHINNS: si6pArqs th

posts 38°to forman eI eCtrical contact. Exenplary conductive rfaterial 102

s p?byg 'ch&&fbr Ié&hggg"é\)é?' drﬁ@é‘ nggé’g‘é ) &%c# cBl ﬁ%ﬁ?or o) (f‘? 58@58%? ! Ca'

coup |‘ng transistors Vi a pos to' S ent I'Ces
cor 18, %qtagﬁﬁcéa?a%igéro el t%cai‘y BT Bariflfees B D esﬁﬁciqerﬁrigg‘“néﬁg"

72, and p cell plate 74 over capacitor dielectric 73. Capacitor 80 is
el ecpeﬁfc%@ de\wl&m plugriiB VEh qrolsdiosy Rlpg ! 4RiGantaeting aRd qi@%tfrca&y and
polysilicon plug 102 with polysilicon plug 102 contacting and electrically

coupteupled tetdomge mumite7 22 CoBduoding plugs Bt (Big. 8Q) &6 fgrmsa)exderdihgr med
extending wupward fromand electrically coupled with source/drain regions

59. Gpwere froneamd s@strigdlly 8b9sies Yithasuréwdiairorgics 59 9CTonkdustve Brigs®1
electrically couple digit line 104 to transistors 69
also contact portions of digit line 104 to electrically couple digit line 104 to transistors 69
via source/drain regions ’59. Exemplary digit lines 104 comprise polysilicon and/or
silicide layers. Exemplary conductive plugs 61 comprise doped polysilicon. Insulative
spacers 70 (Fig. 5Q) are formed between conductive plugs 61 and insulative Iayér 56.
Exemplary insulative spacers 70 comprise silicon nitride and/or oxide such as siticon
dioxide. |
[0087]‘ Semiconductor construction 100 éomprises intermediate structures
between capacitdrs 80 and transistors 639. Nitride caps 106 are formed over digit line
portions 104. Insulative spacers 110 are formed between digit lines 104 and nitride
caps 106 on one side and polysilicon plugs 102 on the other side. A silicon dioxide
layer 108 is formed over nitride caps 106.
[0088] In compliance with the statuts, the invention has been described in

language more or less specific as to structural and methodical features. It is to be

* understood, however, that the invention is not limited to the spedific features shown and
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via source/drain regions 59. Exenplary digit Iines 104 conprise polysilicon
and/ or  sWDi200643877ayers. Exenpl ary conductive plugs 61 pompksi@eosheeed
polysilicon. Insulative spacers 70 (Fig. 50) are forned between conductive
plugs 61 and insulative |ayer 56. Exenplary insulative spacers 70 conpri se
silicon nitride and/or oxide such as silicon dioxide. [0087] Sem conductor
construction 100 conprises internediate structures between capacitors 80
and transistors 69. Nitride caps 106 are formed over digit line portions
104. desuibedi sivcefhe eneansiterainedisdosed coupriee prefeged formsesf puodngutite nitri de
caps 106 on one side and polysilicon plugs 102 on the other side. A silicon

di oxiideenticy ito &H8ci. STHONVBAtIGY B, thdrefdrdeclaimmsd thmy ¢fGR&8Ims or conpl i ance
with the statute, the invention has been described in |anguage nore or |ess

the statute, has bee 1 e
howy op SERLoM RN Hoadr Skl ol BPpeh R iR apbiobFpldh Mo Bke

and 23 WD 2 06/023? 5 PCT/.US2 05/03g$§8 descri bed, since the neans herein
disc”8§§ﬁ°5%ﬂﬁ%ﬁg’ ﬁF%g@?P@%O A ™ Sut ting the invention into effect.
The invention is, therefore, clainmed in any of its fornms or nodifications

wi thin the proper scope of the appended clains appropriately interpreted in
accordance with the doctrine of equivalents. 24 The invention clained is: 1.
A transi stor device, conprising: a sem conductor substrate; and a gate
extending within the sem conductor substrate, a gate dielectric over the

gate, a pair of
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source/drain regions on opposite sides of the gate, and a channel region
within the sem conductor substrate, at |east a portion of the channel
region defining the | owernost structure of the transistor device; and
wherein _the gate encircles a portion of the sem conductor substrate. 2. The
devi ce &he BIVARtRMCIgEAdS n the gate dielectric, the pair of source/drain
regions, and the channel region are within the sem conduct or substrate. 3.

- The device of claim1l wherein an entirety of gate dielectric, an entirety of
t he paiid. of Aoaangedddevice, c@gprwisg:and an entirety of the channel region are
within the sen&conductor bstrate. 4. The device of claiml| wherein the
channelaﬁ@ﬁﬁBﬂlwgnéPéﬁﬁfQ8ﬂglly bel ow the pair of source/drain regions

Wi thin aggte%%@ne QB heeRTLdrdh&or SubstFRIE, Ye% &ﬁle@fnccclv%% e gngsh% Bet he
sem conduct or su trate conprises nonocryst Ine silicon. 5. The device of
clain11s®ucﬁ&mn1wgmmsDsppgxmheuksaﬁ&m$mmrmuhndmpnﬂatgdnwnﬁmrmeDRANI devi ce.

7. The device,of claim1 further S data ,sfora elenent
el ectri éﬁvucg;n%tpmsewra{%a&lﬁ‘%sttarpaﬁgq ”49511 ﬁﬁgp@éeglenfisﬁ HWFV“Q,Sél |, the

menory g@whmg%ggkuﬁh@gug@e@&@qmgf about 4F2 over the senlconductor
substrate wherein F represent’s a mininumfeature size for

phot ol i wWhegirathkigetl dnyrclef a pediohedthersesiicaducthesudbstvatee of claim 1 wherein the
portion of the sem conductor substrate conprises one of the pair of the
source/drain regions. 25 9. The device of claiml| further conprising a

sour ce/ grai n Tideelof cRUHITWRRehhd BRe BRILtricOThelJaG TR RIEISRI! ONS.

and the channel region are within the semiconductor substrate.

3. The device of claim 1 wherein an entirety of gate dielectric, an entirety of the pair of
source/drain regions and an entirety of the channel region are within the semiconductor

substrate.

4. The device of claim 1 wherein the channel region is elevationally below the pair of

source/drain regions within the semiconductor substrate.

5. The device of claim 1 wherein the semiconductor substrate comprises

monocrystalline silicon.

6. The device of claim 1 further comprising the transistor incorporated into a DRAM
device.
7. The device of claim 1 further comprising a data storage element electrically coupled

to the transistor device to form a memory cell, the memory cell comprising an area of about
4F? over the semiconductor substrate wherein F represents a minimum feature size for

photolithographically-defined features.

8. The device of claim 1 wherein the portion of the semiconductor substrate comprises

one of the pair of the source/drain regions.
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to, 'the device of claiml wherein a portion of one of the pair of
source/drain regions conprises a pillar, and wherein an entirety of the
gate is elevationally below an entirety of the pillar. it. The device of
claiml wherein a portion of one of the pair of source/drain regions
conpri s8s anThpiledsd ef clpost furdd comprivinna seiregidiairetegionfin paditiga tathe pair
eIevati89@%%gmgq%ggﬁgphnpntirety of the epitaxial post. 12. A transistor
devi ce, conprls?ng acs

e conduct or substrate conprising an upper surface; a
pair of source/drain regions conprising portions of the sem conduct or
substrate; a channel region conprising at |least three |aterally-spaced
porti ondOwi t hihg derise 9&ptAEBAUREYR AN9HEdY @ftaie oA He RakcH seRrceideain FigeSpor t i ons
ext endi r.al: r i cul ar: ' rf. t he
e condanroy Sadpl, BRLPRIG U ALy BB by R BREN S b % e
sour ce/ gilar.n regi ons, wherein one of the pair of the source/drain regions
extends substantially vertically and defines the elevationally uppernost
structure of the transistor device. "the device of claim 12 wherein one

13.
of the tyhree r&eivf%@%f gfai1£ heyviEhann .ortioigéf%ﬁlg ogﬁ{e%%sof%bﬁﬁ%gfdlré{ﬁg%ﬁgrt he one

of the pair of source/draln region evi‘ce of claim ei n one
of the thmegsepanichongalglost hed ohariredn ¢eigitpof thexhendsicdhti@cilybelal aw t he one
of the pair of sour,celagrai n regions, and wherein the gate is wthin the
sem con@UEEBroidbherRtae PaHd surrounds the one of the three portions of the
channel region. 15. The device of claim 12 wherein the sem conductor
substrate conprises nonocrystalline silicon. 16. The device of claim 12
further 1@onprA siangstbhéeviceananptiing:devi ce i ncorporated into a

a semiconductor substrate comprising an upper surface;

a pair of source/drain regions comprising portions of the semiconductor substrate; a channel
region comprising at least three laterally-spaced portions within the semiconductor substrate
and each of the three portions extending generally perpendicularly relative to the upper
surface of the semiconductor substrate;

and a gate portion disposed between the pair of the source/drain regions, wherein one of the
pair of the source/drain regions extends substantially vertically and defines the elevationally

uppermost structure of the transistor device.

13. The device of claim 12 wherein one of the three portions of the channel region

extends directly below the one of the pair of source/drain regions.

14, The device of claim 12 wherein one of the three portions of the channel region
extends directly below the one of the pair of source/drain regions, and wherein the gate is
within the semiconductor substrate and surrounds the one of the three portions of the channel

region.

15. The device of claim 12 wherein the semiconductor substrate comprises

monocrystalline silicon.

16. The device of claim 12 further comprising the transistor device incorporated into a

DRAM device.
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DRAM devi ce. 26 17. The device of claim 12 further conprising a data storage
el ement electrically coupled to one of the pair of source/drain regions to
forma nmenory cell, the nenory cell conprising an area of about 4F2 over
t he sem conduct or substrate wherein F represents a mninmum feature size for
phot ol i t hogr aphi cal | y-defined features. 18. A sem conductor construction,

conpri siAg: afh%%ggi% To% YR 93 el g&ﬁbﬂﬂng Q‘é@{a‘ét&%%e”élé’rﬁeﬁ{%ﬁ’e%'&ic%ﬂgfcé&ﬁed’f a
sem conduct or substrate, the conductive®post cofprising a circualar €ross
sect i onto @esduliecieyidsfasonraeigaio mediehsow forine a awnduyg t¢ll, ehqmsinovy ¢dii conigiBing

sem conductor .substrate and electrically coypled with the conductive post;
2 transStsh O FRhAT e CHYC B Fihatrais it e FAFRFeIal HRMIHRME T onpr i si ng

at | easte ARe iz RARA AN Ol RSPl ganduct or substrate; and a gate

wi thin the sem co ctor “substrate adj acent the transistor channel, wherein
the gate surrounds the source/drain region. 19. The construction of claim

18 V\herfii n the co,nduc}%r;ti ve post .conprises an epitaxial silicon post. 20. The
const ructi on ‘bFERICHRHHCIOS CRRAFISHAN(RBIPESYIECe/ dr ai n regi on conprises a drain

region. a%%ﬁqdu-gﬁ% %fk‘? gh\%{d@hg ﬁﬁ\]’e d £y ?J@erfsﬂfﬁ&e&f ZaZS%FH?_{]leﬁhagr QuEEARBCHE or

electrically couple conducttve post. e construction of
cl ai m 18omluetiwa post benerdnisd # victularcrespeticdes a transi stor, and further
[ nsi stor i, menory cel | structgre wher ei n

conprising incorporating the tr to a Y,

Che’ condueEr e bet et Mecaniy eaaprastin gt Fanedegr v b Edpic  or
electrically coupled with the conductive post;
a transistor channel extending below the source/drain region and comprising at least one
curved portion of the semiconductor substrate; and

a gate within the semiconductor substrate adjacent the transistor channel, wherein the gate

surrounds the source/drain region.

19. The construction of claim 18 wherein the conductive post comprises an epitaxial

silicon post.

20. The construction of claim 18 wherein the source/drain region comprises a drain
region.
21. The construction of claim 18 further comprising a capacitor electrically coupled with

the conductive post.

22. The construction of claim 18 wherein the construction comprises a transistor, and
further comprising incorporating the transistor into a memory cell structure wherein the

conductive post electrically couples the transistor to a capacitor.

23, The construction of claim 18 wherein the semiconductor substrate is oriented

generally horizontally and the transistor channel extends generally vertically.

24, The construction of claim 18 wherein the semiconductor substrate comprises

monocrystalline silicon.
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23. The construction of claim 18 wherein the sem conductor substrate is
oriented generally horizontally and the transistor channel extends
generally vertically. 24. The construction of claim 18 wherein the
sem conductor substrate conprises nonocrystalline silicon. 27 25. The
construction of claim 18 further conprising: another source/drain adjacent
t he gat gz oppos|.t . 1Sl - a data storage el enent
electrig%IIng%ﬁgpégﬁpéﬁﬁﬁghg%ﬁggc |€g&%8%$9?0 forma nenory cell, the
menory eadtherconfoeidsiimgdjacenartieagacd ogositd thd Bi2naver clidneclsemd conduct or substrate
wherein F represents a mnpifumfeature size for
phot ol i ?H%T@rs%?ﬂe&i?mi}lt&@FFWé yrﬁ%la:ﬁiﬁ @stﬁe ogndugliveapast toformp pgpenawsellshe uct ur e,
conpri sing;,-Acsi édnﬁ@mlgg%&re% ooy GIFARE NGBl QAR BChab Wikfeid pe st T con
substrate and extendi ng genera Ty vertically "relative the silicon
subst r atepyresantk amsihinswn feadrd sade for @gitdithedrepradallgrdlfingd &aowres.t he channe
region; a gate laterally adjacent the channel region within the silicon
substrate, at |east a portion of the channel region being elevationally
bel ow apgent N\%trt)fca?{raltlﬁ.ﬁo hRturé c%fr@?i@ﬁil SPUNiES dfdifter €91 On operatively
proxi mate the gate; a third source ralﬁ reglion operatively proximate the
gat e; andhadnel egivntdeénghtvehsuhe slinds sutatrat hed cponding pedraltsheertdtdiynel regi on
27. The ﬁtruc ULF of claim26 wherein the silicon substrate conprises
nmonocr y§t 8PSt %“1§W}$@%%@628. The structure of claim26 wherein the first
sour ce/ diialiRofieGiRin RN dSeSioRallf Hoe (E&PhAMH rd9on; The structure of claim 26
wherein the gate surrounds the fi'rst source/drain region.

a gate laterally adjacent the channel region within the silicon substrate, at least a portion of

the channel region being elevationally below an entirety of the gate;
a second source/drain region operatively proximate the gate;
a third source/drain region operatively proximate the gate; and wherein the gate surrounds

another portion of the channel region.

27.  The structure of claim 26 wherein the silicon substrate comprises monocrystalline
silicon.

28.  The structure of claim 26 wherein the first source/drain region comprises a drain
region.

29. The structure of claim 26 wherein the gate surrounds the first source/drain region.
30.  The structure of claim 26 wherein the first source/drain region is over the silicon
substrate.

31. The structure of claim 26 wherein the first source/drain region is within the silicon
substrate.

32.  The structure of claim 26 wherein the silicon substrate comprises an upper surface,

and wherein the first source/drain region comprises a portion extending from and

elevationally below the upper surface and comprises another portion extending from and
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30. The structure of claim26 wherein the first source/drain region is over
the silicon substrate. 31. The structure of claim 26 wherein the first
source/drain region is within the silicon substrate. 32. The structure of
claim 26 wherein the silicon substrate conprises an upper surface, and

wher ei neleh@gionply abaysuhe epprir ainfaceegi on conpri ses a portion extendi ng from and
el evationally bel ow the upper surface and conpri ses another portion
extending fromand 28 el evationally above the upper surface. 33. The

struct use. of Thé airByA6 oWORIMIE WHeeeih tHicSfirsSRUF@AITARatglof 6GhPAscE ARRPIAEA an

epi taxi al post extending upward fromthe silicon substrate, 34. The

st r uct upestgkteadiap ppperdfien dhqisitipnn subpisatc.sour ce/ drain regi on conprises a
difftjsion region within the silicon substrate. 35. The structure of claim
26 wherein a portion of the first source/drain region conprises a diffusion
regi on Wit hi Mhi beudirkiof Onirs QBSiticadie theafet IRSeRIrin2BGbR €6 mPaLds aiff@diod he
first source/drain region conprises an epitaxial post extending upward from
the sil e wilhiatthagibcon S@strathe structure of claim 26 further conpri sing an
epi taxi al post extending upward from the silicon substrate and electrically
coupled to the first source/drain region, and wherein the epitaxial post
conpri sés. an Hesoitiueadf dant 2evhérein 4 hativeot the drsttso@sidedi Fegich/condpiBes
structure_of claim26 further conprising an epitaxial post extending upward
from tR&HEsIOCsEo8 yHER Hicsiligon sHPtEE: pYd Blatein atier pettiogitleseligt ai n r egi on,

d wh . ; o i : " h
vort 1 ool Bl ize POSIERIDRTESe Al ELEER B LROMAG ub Bt 1C o,
substrat e;

o}

36.  The structure of claim 26 further comprising an epitaxial post extending upward from
the silicon substrate and electrically coupled to the first source/drain region, and wherein the

epitaxial post comprises an electrical contact for the vertical transistor.

37.  The structure of claim 26 further comprising an epitaxial post extending upward from
the silicon substrate and directly over the first source/drain region, and wherein the epitaxial

post comprises an electrical contact for the vertical transistor.

38. A transistor device, comprising:

a semiconductor substrate;

a gate extending within the semiconductor substrate, a gate dielectric over the gate, a pair of
source/drain regions on opposite sides of the gate, and a channel region within the
semiconductor substrate, at least a portion of the channel region defining the lowermost
structure of the transistor device; and

wherein the gate surrounds another portion of the channel region.

39. The device of claim 38 wherein the gate surrounds one of the pair of the source/drain
regions.
40, A vertical transistor structure, comprising: a silicon substrate;

a channel region defined within the silicon substrate and extending generally vertically

relative the silicon substrate;
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a gate extending within the sem conductor substrate, a gate dielectric over
the gate, a pair of source/drain regions on opposite sides of the gate, and
a channel region within the semconductor substrate, at |east a portion of
t he channel region defining the |owernost structure of the transistor
devi ce: aé‘lmﬂ sv\mgez/éiam teﬁ@ngég\@tlgmlky&hw%tmﬁbﬂw& gt i on of the channel
Lgig'rogf gl%%rgipgg;ﬁég%t%e c%aﬁ‘nél‘ré” 10%%%&55‘1@019 uqstrgtggétgg@% ?@ﬁgggrtehe
cogprl Stlﬂ@halgwﬂdghcﬁﬂﬁbd n$gJ@1$¢fzftﬁ>hlell,ly Bel@haiﬂltﬁ’lu{elt}egfﬁhle gdefined within the silicon
substrate and extending generally vertically relative the silicon
subst r af 65CORg SQUIEY/Axin EEINNCACEAFY Irexisie \8F évat i onal Iy above the channel
ubst r af dE etk BRLRRERY plhfn TR AN e S R e As ABBhL BT
bel ow amfirgBburt@timirofegione gate; a second source/drain region operatlvely
proxi mate the gate; a third source/drain region operatively proximte the
gate; and wherein the gate surrounds the first source/drain region. 41. The
ith;ﬁﬁ te:” ?r ggTﬁé ?ﬂr@@(@@ MREF0 vhi{MPeif Aot QYRGS AL RO AU PlhaRhel NE
region,
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