Sem conduct or Constructions and Transi stors, and Methods of Form ng

Sem conduct or Constructions and Transi stors TECHNI CAL FI ELD [0001] The
invention pertains to nethods of form ng sem conductor constructions such
as nenory. circuitry, and nore particularly, to formng nenory cells, DRAMs,
and transistors. BACKGROUND, OF THE | NVENTI ON [ 0002] As integrated
circuitry continues to shrink in size, efforts are ongoing to find novel
met hods ofSemicandycionGopstruatians and Transistonstand:bletinads of Koemingt egr at ed
circuitry which inprove upon those nmethods currently utilized and the

resul tant struct ur &nfioonducioh @aeisyructionstanukTansistbegrated circuitry is
menory circuitry and arrays. Such circuitry has been and continues to be

t he f orrGHRICADFERIS® efforts to reduce the size of the circuitry, increase
the speed with which such circuitry operates, and maintain or increase the
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desi gners tontinually search tor ways to reducé the size of nenory
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into qgggg% @ircuitry. Transi stor structures or devices have numnerous
applic 25t or seni conduct or circuitry. For instance, transistor
structures can be incorporated into nmenory circuitry (such as, for exanple,
dynam ¢ random access nenory (DRAM) and logic circuitry. DRAMcircuitry
usuathAincludes an_arra menory cells interconnected by rows and
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[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 methods currently utilized and the resultant
structures formed theréby. One type of integrated circuitry is memory circuitry and
arrays. Such circuitry has been 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 maintain or increase the ability of such circuitry to perform its memory function.
The industry des-igners 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 circuitry.' For instance, transistor structures can be
incorporated into memory circuitry (such as, for example, dynamic randoﬁ access |

memory (DRAMY)) and logic circuitry. DRAM circuitry usually includes an array of

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



digit lines (or bit lines), respectively. A typical DRAM nenory cel
conprises a transistor structure connected with a charge storage device or
data storage elenent (such as, for exanple, a capacitor device). [0004]
Typical transistor structures conprise a channel region 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
transi stor constructions utilized in sem conductor constructions will be
suppdiigidihels(onbit e s} oredpettvelys Woypicat BRAMheerseyice ndmprrises substrat e wi | |
have a primary surface which can be considered to define a horizontal
di r etfaineistapstrooure ootradctediwftaaehaigessisiagealevibevoraizta Gaorage elevighed anongst
two broad categories based upon the orientations of the channel regions

rel agdueh ésgfdr@(anmé,@éépa%%ﬂ‘mé;f t he sem conduct or substrate.
Specifically, transistor structures which have channel regions that are
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as planar transistor structures, and those having ons which are
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devi ¢ces based upon the direction of current flow as well as aon the general
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devices are devices in which the current flow between the source and drain
regi §ARIGINAUGET geRsteade wilkhaye aBRRAMBY SUTigse avitictaray be consigerss totdefinepr i nary
surface of a sem conductor substrate, and planar transistor devices are
devi edwrizanighdiggctioner dorizental surfacer Beansister de)igasecamioe divided arogngsis i s
primarily parallel to the primary surface of the sem conductor 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 channel 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 between the source and drain

regions of the devices is primarily substantially orthogonal 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.
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2 [0005] There is a continuing interest in the developnent of nethodologles
by which vertical transistor devices can be incorporated into integrated
circuitry applications due to, anong other things, 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 vertical transistor devices
desired for sem conductor applications while nmaintaining suitable

perf or jopN6e charmetelyd $tommudig htrestan iterdevelapmei ahPlethodal -
met hodol ogi es for formng vertical transistor devices include form ng or

gr oW NghicRREkHRAI @énsﬁétbf éé\ﬂcé)éjééﬁbé'indéb'ﬂdr%a intd ixGand drward from the
primary or ‘horizontal surface of t e sem conduct or substrate. The epitaxial
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Accor di r:_g(F is desired to devel op new nethods for fabricating verti cal

t r ansi \@rggal (9"@\?‘?@5& deniges depired for W@Haméﬁpfatcap%ﬁs‘ﬁ’h'!ﬂ maRtaANgr "al | evi at e
these problenms. SUMARY OF THE | NVENTI ON [0006] In one aspect, the invention
enconpeiiteble perfaraasre charagtaristies ohie devispadEer exarepied resenict or substr at e,

The device also includes a gate forned to extend within the sem conductor
subst rmethodalogigsfodfaeing verticéldrameistandeviced inciaiedorming ar gravfingour ce/ drain 3

epitaxial silicon posts or piilars to extend upward fromlthe 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 example, a high defect density
has resulted with potential cell leakage issues. Additionally, the design promotes a
floating body effect in the transistor channel which complicates an/d increases the
difficulty of controlling the gate threshold voltage of the transistor. Accordingly, it is
desired to develop new methéds 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



regions formed on opposite sides of the gate, and a channel region forned
within the sem conductor substrate. [0007] In another aspect, the invention
enconpasses a transistor device that includes a sem conductor substrate
t hat has an upper surface. A pair of source/drain regions are forned wthin
t he sem conductor substrate. A channel region is formed wthin the

sem conduct or substrate and extends generally perpendicularly relative to

t he upper, surface of fhe sem conduyctor. supstrate, ate i.s, forned bet ween
e FEioNRY Srohnposks aitaR P! SR BR=SY BHORT Fraian Rrnsm i PRs pect -t he
i nvention enconpasses a sem conductor construction that includes a
condéemiceadgsior sekdt@teli ng upward from an upper surface of a sem conductor
substrate. A source/drain region is formed bel ow the conductive post wthin
t he §R0A7donducinancthdrsaspacte trmigvestion encomripgasasya trangistetdeyieenthahe conducti ve
post. A transistor channel extends bel ow the source/drain and a gate is
f or nindiudieisha serhicendisxton substatd that habst upper sadpee.eAtpairtod sbu@eiraihor channel .

[ 00093 In yet another aspect, the invention enconpasses a nmethod of formng

a  seygiemngecionhed eitBinrtHg seaticdritiictor Babsides. Archhel] nggien fefotragnduct or
substrate with.an opening. An oxide filmis fornmed over the sem conduct or

subsiiaiendideficoridieiP REPEPEte and é_%&’éﬁ&é?einé_%ngéb&)eﬁ_&k@fair@'relhﬁveotb%é ded over
fill pair® of diff

the oxide filmand fills the opening. usion regions is forned
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[oo08] | In still another aspect, the invention encompasses a semiconductor

construction that includes a conductive post extending upward from an upper surface of
-a semiconductor substrate. A source/drain region is formed below the conductive post
within the semiconductor substrate and is electrically cou’pled with the conductive posf.
A transistor channel extends below the source/drain and a gate is formed within the
semiconductor substrate adjacent the transistor éhannel.

[0003] In yet another 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 openihg.
A conductive gate material is provided over the oxide film and fills the opening. A pair
of diffusion regions is formed on opposite sides of the gate material within the
semiconductor substrate and a channel region is defined to extend generally vertically

within the semiconductor substrate.



1 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] Preferred enbodi nents of the
invention are described belowwth reference to the foll ow ng acconpanyi 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 fragnment. [0013]

Fi g. i i j r t shown at a processing stage
subseg%%ﬁﬁgpﬁbﬁ%?tr@négjrﬁ%&?‘%Mg‘]ﬁ‘gl g. 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 fragh®®ifl sho faf@"&dpﬁﬂ%&@@ﬁﬂfﬁ Oﬁ%@vgblﬁ%%}@f&?&”%@ﬁ&wwﬂ#h Fig. 3. [0016]
Fig. 6 is a cross-sectional view taken along line 6-6 of the Fig. 5

f r agnerferen¢oPItnp feliqying ageprapanying @WIRGS.Fig. 5 fragment rotated 90
degrees. [0018] Fig. 8 is a cross-sectional view taken along line 8-8 of the
Fi g. 7[00napnment .Fig.[10i6 EQdiagriaghm#tic, $omplandiagniertdry vidw of 8 semigpnshictashown at a
processi ng stage subsequent to that of Fig. 5. [0020] Fig. 10 is a

cr oss-aastruoctical atva pwlitrideey padaesgini stagel O drdexdmplhyy dsppct 8f therpageanit . [ 0021]
Fig. 11 is a view of the Fig. 9 fragnent rotated 90 degrees. [0022] Fig. 12
IS a Gresgiopectional view taken along line 12-12 of the Fig. 11 fragnent.

[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. |

[001 4]< 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. 8 is a cross-sectional view taken along line 6-6 of the Fig. 5 fragment.
10017] - Fig. 7 is a view of the Fig. 5 fragment rotated 90 degrees.

[0018] Fig. 8 is a cross-sectional view taken along line 8-8 of the Fig. 7 fragmeﬁt.
[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 dégrees.

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



5 (0023] Fig. 13 is a viewof the Fig. 9 fragnent showmn at a processing
stage subsequent to that of Fig. 9. [0024] Fig. 14 is a cross-sectional
view taken along line 14-14 of the Fig. 13 fragnent. [0025] Fig. 15 is a
view 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 fragnment. [0027]
Fig. 17 is a view of the Fig 13 fragnent shown at a processing stage
subsequent to that of Fig. [ 0028] 18 is a cross-sectional view

t aked0@2¥Ung 1 i Fig- 1%J%V@w Qfﬁtée Eigggffft@mer"? g Rt a[ocesing 2099, is a view
of the Fig. 17 fragnent rotated 90 degrees. [0030] Fig. 20 is a

cr ossubseauephtf that elfigaken al ong |ine 20-20 of the Fig. 19 fragnent. [0031]
Fig. 21 is a viewof the Fig. 17 fragnent shown at a processi ng stage
subs¢o@24lt to Figal4 if a Biogs-skatioraddid@]takkergalong line 14-t4 okthedégt 1dnal vi ew
taken along line 22-22 of the Fig. 21 fragnent. [0033] Fig. 23 is a view of
the Fagmedl fragment rotated 90 degrees. [0034] Fig. 24 is a cross-sectional
view taken along |ine 24-24 of the Fig. 23 fragnent, [0035] Fig. 25 is a

vi ewigh2sihe Fi Big. 23 id & J@RRSTths PRYWN3 HagmePt ARLREIJINIS]raes

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

- fragment.
[0027]7 Fig: 17 is a 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 20-20 of the Fig. 19
fragment.

[0031] Fig. 21 is a view of tﬁej Fig. 17 fragment shown ét a processing stage

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 stage

subsequent to that of Fig. 21.



subsequent to that of Fig. 21. 6 [0036] Fig. 26 is a cross-sectional view
taken along line 26-26 of the Fig. 25 fragnment. [0037] Fig. 27 is a view 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 |ine 30-30
of the Fig.. 29 [a nt. [0041] Fig.. 31 is a view of the Fig. 29 fragnent
r ot at edoggehegr e%@g.%gmrgﬁ@e&@@aﬂge\gj@w 9%%@@? %*Ih‘gﬁ Ogﬂ’@\/\'/'g@a%@n al ong
line 32-32 of the Fig. 31 fragnment. [0043] Fig. 33 is a view of the Fig. 29
fragmedt@d§MIWn 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
f r agmenP037P045] FiR. &7 i8% viswaf heekigo?5 fragmeniyotaed PO slggeaes. r ot at ed 90
degrees. [0046] Fig. 36 is a cross-sectional view taken along |ine 36-36 of
t he Fi gf0038] fr afige @8 is[a0&rég3-seitpnaBiewsakenaleng e 28286 the B8. 2T agnent
shown at a processing stage subsequent to that of Fig. 33.

fragment. ’

[0039] Fig. 28 is a view of the Fig. 25 fragment shown at a processing stage
subsequent to that of Fig. 25.

[0040] Fig. 30is 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.

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

subsequent to that of Fig. 29.

[0044] Fig.34isa qross-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 is 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.'



[0048] Fig. 38 is a cross-sectional view taken along line 38-38 of the Fig.
37 fragnent. 7 [0049] Fig. 39 is a view of the Fig. 37 fragnent rotated 90
degrees. [0050] Fig. 40, is a cross-sectional view taken along |ine 40-40 of
the Fig.. 39 fragnent. [0051] Fig. 41 is a view of the Fig. 37 fragnment
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 94] o crigesSeisc Viena! e Big. BAKGAMENbIGAPR 4G GBgrees. of the Fig. 43
fragment. -[0055] Fig. 45 is a view of the Fig. 41 fragnent shown at a

pr oceB¥159) st addg. Sulssecroenisecionahvewdakar gongiline 4Q486) thk Gig. 3% is a
cross-sectional view taken along line 46-46 of the Fig. 45 fragment. [0057]
Fig. ffagmenia view of the Fig. 45 fragnent rotated 90 degrees. [0058] Fig. 48
is a cross-sectional view taken along line 48-48 of the Fig. 47 fragnent.

[ 005900519. 49 Fig. &1 RrPWswSH e PiyaB7 fragmerndifiun atiepyooéssingstagsonduct or
construction at a final processing stage of one exenplary enbodi ment of the

pr esediibsell¥@bitRat GHFi@ 997 ocessing stage subsequent to that of Figs. 45-48.

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

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

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

-[0055] Fig. 45 is a view of the Fig. 41 fragment shown 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] Fig. 48 is a cross-sectional view taken along line 48-48 of the Fig. 47
fragment.

t0059] 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.



[0060] Fig. 50 is a view of the Fig. 49 fragnent rotated 90 degrees. 8
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0061] Thi s discl osure of
the invention is submtted in furtherance of the constitutional purposes of
the U.S. Patent Laws "to pronote the progress of science and useful 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

par 1l T ARlETs Qs i ORAGAGTHE PREFENRES RSEO BTS2 o2 9 a Tuncti on of

t he nunber of elenents in each nenory cell si ze of each of the

el eent hosp! corMgal gl TR E6lLS e 4 PR pseabeds b Do, | 872

wher e. resents a mn Gre si%e I cally- defl ned
features a mensi o vent,i ona are s, 2F 4F, These
reor y coaéﬂﬁlf'anﬁb%waﬁ%s e 2 5. E8PELHER b R,Ofﬂﬂﬁéb@@&%eﬁ@ 31 &ieRia 4 1 o

U S. Pat e?t lica Publication No. 2003/0234414 A, published Decenber
25, 200efyl Sdl@Eth hr%ﬁ"%’f’” 8khi ch is i ncor por at ed herei n by reference. U S
Pat ent Application Publication No. 2003/0234414 Al discl oses

st at e- oiCOBRE- ar t Winiespaghtn memarnisitegratedipichibitothy asea byer aavkstiade | areas on
the order of 4F2. By review of the U S. Patent Application Publication No.
2003/.0234uitad farceachrmpamiongealiio la meswonosuaepadialyndetdinsiobs the eagscity lnéthepr esent
invention, it should be understood that, the present invention discloses

menory desiidec uThis\ardédnasta fumetiord e theenumberad lelensertsi exthtrhemondes!l arid the2.
[0063] Now referring to Figs. 1 and 2 (Fig. 2 a cross section of Fig. 1), a

sem CONge bpsasPEsthe wlérhemts 1 -or eBRvdrfiiehalomembat delts ethd Ar8a W $tated tBlbemar y
surface 13 oriented generally horizontally and is alternatively descri bed
as an yrelhehs Faepresents a minimum feature size for photolithographically-defined
features kand the dimensions of the conventional cell area is 2F by 4F. These memory
cell dimensions and areas are readily understood by réferring to U.S. 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 statejof-ihe-art memory devices wherein the memory cells
have cell areas on the order of 4F, By review of the U.S. Patent Application
Publication 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 includeé memory cell aréas on the order of 4F%.
[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 é primary surface 13
oriented generally horizontally and is alternatively described as an upper surface.

Substrate 12 can comp‘rise, consist essentially of, or consist of a monocrystalline

semiconductor material, and in particular aspects will comprise, consist essentially of, or
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Substrate 12 can conprise, consist essentially of, or consist of a
nmonocrystalline sem conductor material, and in particular aspects wll
conprise, consist essentially of, or 9 consist of nonocrystalline silicon

|l ightly-doped with appropriate background-type dopant. For exanpl e,
substrate 12 can be a portion of a nonocrystalflne silicon wafer. To aid in
interpretation of the clainms that follow, the terns "sem conductive
substrate” and "sem conductor substrate" are defined to nean any

Consédn\é@ioﬂmo(h@frg%taﬂln@%hc‘éﬂﬁbﬁ dupéd withrappespriate baékglrdm Dgpebut not |imted
to, bulk sem conductive materia such as a sem conductiveé wafer (either

al ongoRint) Fo@‘%@ﬁnﬁ@er%sﬁ?f@’f  8h ﬁe% Wlon BRh ?r'idn%‘:ﬁrsmlﬁ{ %I%n WA,

sem cC dUCtI ayers (elt her al one or assenbl | es COI’TpI’I Si ng

ot hefo Qﬁit r'\t@{p%tatlmgf {h%rcggln %%R?{]fro%\ﬁ" the%ﬁﬁ?“s%%l@d%ugtl\%gﬂt}ss&%gesi |r gggur €,

inclu not eim conductive sub

above ln _one substrate 12 rises a bul k
sem %ﬁ&‘%?ndgﬁ&gﬁh%@{ af&ff%*”eaé? érlxeanfqﬂy Fé’)?ﬁflﬂﬂ?té)n TRE® ystal 1i ne
S|I|cons(§)strate or wafer, [0064 referrin F i sol ation

r egi SHEICAAUGIYS FRAtRER], 'ﬁﬁ'ugmssp%@ "ﬁted tPrbyheew H‘BF‘?}P’;@Q'B%GBSWE

i solation regions 14 conprise shallow trench isolation (STl) regi ons The

i sol $HONGA$ @ egniseedudivewaiad(aitbaerigne wrimapsanalies compasiogaie®l rows | eavi ng
‘regions 16 of substrate 12 between respective rows of isolation regions 14.
Regi materiab iberepnhsandegamitonductive efdtedal layers ilner Rloners il asgembdiesnd ar e
configured as parallel and spaced rows havi ng upper surfaces 13. (0065)

Ref ecomprigingoffiegmatiais)d The tefm Ysubbtiate"aefors ksargesupporntingf stiicture3) , a nitride
| ayer 18 is deposited over upper surface 13 of substrate 12 and i sol ations

r egi ppiadibg, butAiot dixaer tarive kbimidoreisstivg sulistiatabaddsaliesd 4Bove. Natories t he hei ght

in which nitride |ayer 18

exemplary embodlment substrate 12 comprises a bulk semiconductor substrate or bulk
wafer, for example, a monocrystalline silicon substrate or wafer.
[0064] Sﬁll 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 paralle! and spaced rows
leaving regions 16 of substrate 12 bétween 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] F{.eferring 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 from about 2,000 Angstroms to about

3,000 Angstroms.

10




extends upward from upper surface 13, ranges from about 2,000 Angstrons to
about 3,000 Angstrons. 10 [0066] Referring to Figs. 6-8, it should be
understood that all four figures represent the sanme processing 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

ext end to bstrate 12 to.e u r .surface portjons 22 of
substr@toggfg. TIF%EE’C’HB%t°2€‘93a$'§o't§§§@a§eiLE@I%ERI‘P%%IWS” PHASSIG %NS 24 of
isolation regions 14. The nitride layer 18 is |left patterned gs nitride

r ows d’:ePFQ?ﬁﬁg?f@ S BRECSINGFHAP g E#S: 19 (PPTesent §5'&§&ﬂ‘eﬁﬁ'°”§§ﬂaﬁg%l7‘§el ation
oriented perpendicularly to the direction of the isolation regions 14.

Upper reargsgoea serandrieniationfthatip orieated 90dagrecybamrtae ojiepiatina @i Figy. i sol ati on
region portions 24 of isolation regions 14 and nitride rows 18, and are
gener &-By Nitidpdayead 8 ispattaresd ahd etaedds éorpl tieychesiatdiFige @) thatlextardchi ng st ep

i ncl udes an over-etch of substrate to range fromO to about 300 angstrons.

[ 0067] ddvef & substrateot FiogsxpoSe Ligper sinlagt iportionsdi2ool substratent. 2hreatilee2Ched to
recess isolation regions 14 elevationally bel ow upper surface portions 22

of subgés akSosbAsolhBRY iedibn R RSHEY LIEOREES relflo 14.5Thatithde 296 ¢9% 14 (Fi g.

10). In one exenplary “enbodinent, the etch process conpriseS a Reactive lon

Etch (l&t:gfaﬁeanea% MEHE obSor ﬁx‘?nh@Fst18/f?1att8xth8 g'éil'ibfefllg% LURAEEFadd and exposed

silicon substrate 12, for exanple, upper “surfaCe portions 22. The recess

The i R To/RteEN ey BépRhaHRRy ISR diechlbh SR maRbENGh 1A 12, S0 one 14"
are r eﬁgﬁgres%rffaag rpnOlinIl:lg B9 %¢ gabﬁpa?é' t125a98 g&ﬁ’er%ﬁ? BEu%deS 0y %B%%rﬁ ?g&orl? el ow
| portions 24 of isolation regions 14 and nitride rows 18, and are generally shaped as
squares. In one exemplary embodiment, the etching step includeé 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 uppér 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
selectivé to the nitride runners 18 and exposed silicon of substrate 12, for example,
upper surface portions 22. The recess etch éxposes sidewalls 27 of substrate 12 which
were originally covered by the insulati\)e material of isolation regions 14. The isolation
regioné 14 are recessed from a range of about 500 to about 1,500 angstroms below
upper surface portions 22 with ano’ther 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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upper surface portions 22 with another exenplary recess range of about 800
to about 1,500 angstrons. In one exenplary enbodi nent, a recess distance
bet ween recessed surfaces 26 and upper surface portions 22 equals about’
1,000 angstroms. A clean etch It Is performed to renove residual oxide from
over sidewalls 27 and upper surface, portions 22 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

st r ucisestormediie dempee exsidual opidetiwm ol sisisualip 87 @ngmpper surkekat i on regi ons
14 (e.g., recessed surfaces 26 illustrated in Figs. 9-12). In one exenplary
enbodportions 22 of shbsikatesI® with aniekempiany ¢lear e bemggeset hyanofhlodat(HBP t o about
100 angstrons. A sacrificial layer 30, for exanple, a spin-on-glass (SOG

| ayereich. provided to fill trenches 20 between nitride runners 18. O her
exenplary materials for sacrificial |ayer 30 includes borophosphorus

silicaiopeyl ass RERRAg t%ﬂﬂ%@ﬁsa]e?,_%cﬁtrﬂd@?ﬁﬁér o&is Priddd @\;é?@ubﬁra%@ﬁgor med to

pl anari ze"the SOG | ayer 30 until the planar etch stops at nitride rows 18

wher ej sﬁ%}&ié@.ﬁ‘gﬁ%ﬁ thee b glﬁgﬂo%t ??pc%@d S)Bﬁi?:n? PRolfBn ?érirg&ﬂ%l.[ E‘Bﬁ%?' anar etch

conprises chem cal ne ni cal” "pol'I shi'ng) processi "Referring
r ooV EBaT SHteceR SRS e 1B b SpE R e SRR e SO0 | ayer
T2, cBHBRES (P GHP fpet 2 estees o bR ED 13 shoRaRo esR: Berinde s are
squares. Portions of SOG '|ayer 30_r in as towers, extending upward from
subst'la&?%:sqéob%’f%%lﬁ' ﬁispn%glaéﬁz%@ﬁ@gr WWW'%WHW&WCE%?‘?QW ations for
t he, t't?c):{\te‘;vreanneitirigg r1r1r1er$etrgr1] Pldat?wér ;-xhe%ﬁ;(r?lorrslaetgrials 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 hitride rows 18 wherein

nitride rows 18 function as an etch stop. An exemplary planar etch comprises CMP

(chemical mechanical polishing) processing. o

[0069] Referring to Figs. 17-20, the SOG layer. 30 is patterned and selectively

etched to remdve portions of SOG layer 30 to form obeﬁings 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 extending upward from substrate 12 between nitride runneré

18 with exemplary configﬁrations 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 liner 28 from over

- upper surface portions 22 Includes 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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portions of the nitride liner 28 are renoved to expose the upper surface
portions 22 of substrate 12. An exenplary etch to renove the portions of
nitride liner 28 fromover upper surface portions 22 includes a selective
nitride etch. After renoval of the portions of nitride liner 28 from over
upper surface portions 22, openings 31 extend to upper 12 surface portions
22 and are defined or bordered by the towers of SOG |ayer 30 and nitride
rows 18. An exenplary selectjve nitride etch will over-etch nitride, for
exarrpl%“ferﬂe[‘?‘?rﬁg’%r%é\éna@fe fi@{g}ﬁq)oq%org%@gt V§86 OUYSIH RGBT BPéhdr abl y st op
at silicon substrate 12. In one exenplary enbodi ment, the exposed upper

sur f acRitry IaWsntS. 22n srerplasy ﬁa‘ﬁét'VQLQ'“tﬁi’@fqtéé heqer-gichsiiiridge for gxampleot
substrate 12 that will serve or function as active areas for subsequently
f or mednitfisle wws Hhdrosr 04e pbouilBMsangBONE) ammeprefarably stap &isjiconsubguatea bl anket
insul ative |ayer, for exanple a TECS |ayer, is formed over silicon

subst r #2.e h2narakehidldry eopmodimgat, $e exlosed upppt surjacefdRionsaB2of substrate

ani sotropically etched to formsacrificial TECS spacers 34 over nitride rows

18  antk 86Xné gyesraBSuriae Bxaspl substets h2 tht itlesrva of aaetion as agiiveet ch
| eaving. sacrificial TEOS spacers 34 laterally extending from about 200 to

about 5QQs3808iHsRaEeAOBhHEE desicaeanglr BirldtR, rows 18 and SOG | ayer 30. The
sacrificial TEOCS spacéers 34 narrow openings 31 |leaving generally '

cyli ”de(ﬁ‘i‘Jg Oper\ﬁ@@ﬁi@%ﬁpﬁ?@g?ﬁﬂkaa EIEﬁlkét%sTLﬁééC&gE‘%&f‘er%‘?@@{%lle@?ébss“rface

portiohs 2 I n one eXe enbodi nent, spacers nprove the

SLifeﬁ ' Veh T b S S e T2 B M Barin g a Mo nE ehl b TeRl 71 ©
Referr

o e o K BT o R S P e

32 andarﬁc? %E)G layer 30. An exemplary etch includes'a reactive ion etch leaving.sacrificial
TEOS spacers 34 laterally extending from about 200 to about 500 angstroms frorh the
sides of nitride rows 18 and SOG layer 30. The sacrificial TEOS spacers 34 narrow
openings 31 leaving generally cylindrical openings 32 exposing a smallef surface area
of upper surface portions é2. In one exemplary embodiment, TEQS spacers 34
improve the critical dimensions possible for subsequeﬁtiy formed structures provide
ovér or upon upper‘sun‘ace portions 22 of silicon substrate 12.
[0071] Referring to Figs. 25-28, in some but not aif embodiments, a nit(ide
material is provided over silicon substrate 12 to fill cylindrical openings 32 énd then
anisotropically etched to form another nitride liner 36 (the first nitride liner being 28) over
sacrificial TEOS spacers 34. An exemplary anisotropic 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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ani sotropically etched to formanother nitride liner 36 (the first nitride

| iner being 28) over sacrificial TEOS spacers 34. An exenplary anisotropic
etch will provide a nitride liner 36 having a thickness ranging from about
50 to about 200 angstrons. After the anisotropically etch to formnitride

liner 36, a reactive ion etch is performed to renove nitride liner 36 from
over upper surface portions 22 of silicon substrate 12 wherein upper 13

surf i il ; i_n.expgsed. |In one
exeripi e PeHiRB et st hubsife 1427 pAAR SBofd, ASHsBHERS spacers 34
during subs ent. et ch ocessin or_dur] subsequent si]icidation

or 0 SBTHE ERT HERedPer 26 RO R SECS Bhast pRuTHER SRRt elboct ment
further etching apd planarizatjo rocessing can be performed to ‘

el e\APFeSFHIA AT YBring sebsgrpant §\UF‘2§§%F’@FQS§W9-H de rows 18 and SOG | ayer 30
relative silicon substrate 12 to a pre-selected elevation or height above
uppdPOE2l f aceRgtaringissFige. 29582 Hn gnexempiay eémbedinggnt, biriher etohing andws 18 and
SOG |l ayer 30 facilitates the formation of a pre-sel ected. height of
subsdanazizalign pocassingpdn ba ipalosnedit eleeationellalbivee treulisperauegats oPost s or
pillars 38 are forned extending upward from exposed upper surface portions

22 dfitride rowons antd Q@ Ixyer 38 rélativaigilicary bubstiatec 82 toopera-sgiecidd. 1 n one
exenpl ary enbodi nent, posts or pillars 38 conprise epitaxial silicon grown

or femsvagenfor amgaxwdm?@@pgﬁrf@tr p&vEess R2r BuBMBre2Zsifdted HeldH @M nRtidst rate 12.
Posts 38 have upper surfaces 39 and, in one exenplary enbodi nent, upper

Sur frgges 8%@@6“!@&%@ fﬁéiﬁ‘t‘é?ési tﬂ@%r‘nYartiéﬁgd?‘é[ g‘@%@fec?g rﬁléétﬁizﬁog‘” of nitride

rows 18 with an exenplary el evationa fference ut 1,000 to about

o B SR Bro b R4S RGP TRa o B GRS Meate | o o

L, 598,539%93}@{98&%9 upward from exposed upper surface portions 22 of silicon substrate
12 through cylindrical openings 32. In one exemplary embodiment, posts or pillars 38
comprise epitaxial silicon growh or formed from exposed upper surfaces portions 22 of
silicon substrate 12. Posts 38 have upper surfaces 39 and, in one exemplary
embodiment, upper surfaces 39 are formed elevationally below upper surfaces 47 of |
nitride rows 18 with an exempléry elevational différence being about 1,000 to about
1,500 angstroms. Exemplary posts 38 comprise a height V(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 peroentage height relationship relative the height of nitride rows 18 extending
from silicon substrate 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

14




Al ternatively, an exenplary height of epitaxiai silicon posts 38 can be
considered in terns of a percentage height relationship relative the height
of nitride rows 18 extending fromsilicon substrate 12.- For exanpl e,
epitaxial silicon posts 38 are forned 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 exenplary range of about 60%to about 65% of the height of

nitride aﬁ'loé/@ctﬂi@aljcbﬂga%gﬁ&wﬁgp(&cuﬂ Stor R dRidedr Blth is?&'&g@%éﬁeﬁ? will serve

or function 14 1) a el"ectrical contact between a charge storage device

or da t t c f , i vice) and a

t ransit(%{%raogf g@%ﬁhﬁ*@&%ﬁﬁ%ﬁe@%ﬁp ggésa gféﬁ‘g% k%ﬁ%@é@%}ﬂgéga@?e t hor oughl y
bel ow. Alternatiyely consider.ed, sts, 38 ill.serve or functjon as a node
r ogi 0RO B e PelaneR dicce Moy bajodn, AliraatyeBiains isred #hsiscatni y
subsequent | y. %,8107'3] An exenplary alternative process to form ng epitaxial
si | i conl pRIYe O Binclian ag a npsigdagionafor SXANBIE| & 8OYred/draimredim dissysedd at e 12
wherein cylindrical openings 32 are filled with the conductive material. In
t hi s saretheroughkly subseggenticonducti ve material extending outward of
cylindrical openings 32 is renoved by exenplary planar or blanket etching,
pr ef efa®I3] downAnexepplary siterhaihespréZess torfotrning epitaxigl siiEonHostsc2thiduot i ve
material is then recessed into the cylindrical openings 32 | eaving the

condugiepyusit a cahéudtiab nedtenstovengutsyrabel Dwhemhecylisdritalopenihgs @R aret ri de rows
18 with an exemplary elevational difference being about 1,000 to about

1, 500 fips@@iith e corffucBvE fataRaY. IncBRdalRhatRe [FRéRisk adoriduetigatdsagoped or doped
pol ysilicon wherein the undoped -polysilicon woul d be doped at some stage of
the pPrOEe®ifgSltward of cylindrical openings 32 is removed by exemplary planar or blanket

etching, preferably down to upper surfaces 47 of nitride rows 18. The conductive

material is then recessed into the cylindrical op-enings 32 leaving the conductive

material elevationally 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

polysilicon would be doped at some stage of the processing.

[0074] Still referring to Figs. 28-32, 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 éubstantially 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 posts 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



[0074] Still referring to Figs. 29-32, a conductivity inplant (not shown) is
performed to provide a conductivity dopant i nto upper surface portions 22
of substrate 12 to form diffusion regions or nodes 41. In one exenplary
enbodi ment of the inplant nethods, the conductivity dopant is inplanted
substantially through posts 38 Ieaving substantially an entirety of the
conductivity dopant within silicon substrate 12. Alternatively, a portion

of t doa ns. i to | eave s. 38

el ec?&b%W%tégﬁ%é BPSE‘?E“H @pﬁgwpgﬁgf%{'ﬂea 8‘?'??’&9?3?“?'8& ons or nodes
41. Exe Iar SIO |on ri se s urce/ drai n regions, for )
exanpf¥o %Pé éﬂu ‘Frr? ARCHB '@&%F%‘?tﬁ‘cf CEMBRHFIRERIPD rPEREORS are
conductlvel ged but do not form a portion of diffusion regions or nodes
41, &Rdes frdrciey %eqtm@flymn@@ttrar@@ltoré@ﬁﬁ&eP%Clm R aRotier silbexamplagi ons or
nodes 41 of subsequently fornmed transistors and capacitors. In -another still
exemghogiment pasiadst andubiBusiosegions 4 ¢droRiasnan eqfirehsofanecd aprairss an
_entirety of one of a pair of source/drain regions of a transistor with

post so@®edlraint regivak lof admnpistal vith moshsd8)alentrically Caupied tcsysequently. | n
exenpl ary processing nmethods, a conductivity inplant (not shown) is

per f ¢srmad! ¢apapitonsi d@eaempladypidcésswgd@mvs & cbat@sthvitpirhplasningt i nto posts 38
and then posts 38 are anneal ed to out-diffuse conductivity dopant from posts

38 i Bh&wnpis! peHIIMEH RS bt éaoﬁ&:ciuﬂw@iank @a%taﬁldnwdn fﬂﬁtooﬁos@g &4 usi on

regions 41. In alternative exenplary enbodi nents, fusion regl ons 41 are

not faﬁ& THéh g@ﬁé Q3 aﬁﬁ%%lé&'t Yl ot %ﬁxtjéé%rfélﬁiﬁh\ingﬁop%ﬂi)%r)n dostdSd ng med to

provi uctivrt ant1 al I nto” ‘posts wherein

post 5,36, n SRR 230 16 gL Dol Pl p%% SRkl n ool ons.

Al terna fus conprise rti‘on ne of a pair of
Bglu; ce/ dr ?'r{) an%%'d%‘ésntg nod fflPs?grE ?eglons ﬁngrre'nso?foz%rr}\%tdheherg%rat coue nvn%yhe one of the

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 source/drain

regions. Alternatively, diffusion regions 41 comprise a portion of one of a pair of

source/drain regions and posts 38 comprise another portion of the one of the pair of

source/drain regions.

[0075] It should be understood that exemplary posts 38 are generally annular or

cylindrical in shapé and may or may not have empty space between optionally formed

nitride liners 36 and/or TEOQS spacers 34. A nitrfde 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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source/drain regions. [0075] It should be understood that exenplary posts 38
are generally annular or cylindrical in shape and may or may not have enpty .
space -between optionally formed nitride liners 36 and/or TECS spacers 34. A
nitride material 40 is provided over substrate 12 and in cylindrical
openings 32 to fill any enpty space between posts 38, nitride |iners 36
and/ or TECS spacers 34 and pI’OVI de nitride material 40 over posts 38 and
SOG | ayer 30. .Ni de 0 seche ktoformup er surfaces 49
Chat | GGG g Arangl Ee TGRE 7). (RO E Der "R AUBUS SIRBRALES | ayer 30
and bel ow the upper surfaces 47 of nitride runners 18 (nitride material 40
i s shioEidgs aﬂ@n%orltdan&ﬁi@e@ﬁiwaﬂ@aetsbmheﬁﬁhnecm% nigideimalegazi to Exenpl ary
etches to recess nitride material 40 includes a planar or blanket reactive
i on eexppashtOR Inperdt erd AEQS cpaceas 84.i AN exgmplRry aipds magaEl kdyea 30 and TEOS
spacers 34. An exenplary nitride material 40 is a sacrificial |ayer that
ser vesaa#ficial beyer treat servelarsth basier 40hard rpaskt 4cto prpiechrpitdxiaisilicoopogtsst s 38
during subsequent processing, for exanple, renoval of SOG | ayer 30 and TEGCS
spacegs ddfing &Q@geﬁ:]ueﬁeﬁﬁfd‘eeﬁﬂgtﬁr Ek&aple3@nisval of 3OG layeVEPARdTEDS | S

performed to renove t SOG | ayer 30 and the TECS spacers 34, and

pr ef egg@é{sgq renove the SOG | ayer 30 and the TECS spacers -34 entirely, An
exenplary etch includes a selective etch to stop etchi ng at nitride and

ii?»l Ia(r:I terer!sﬁﬂrqgac tc??? %h&;ﬂ-gg%g)#vb{;ﬁ%aﬁgaeﬂgﬁbs rate 1 o @Lﬁcweqﬁec{ :J\r/]ge(rafch
20 3 ?Ef@«??r 0 470TRLERSS Badhd b Send b 8RLa3 10 AIRAR A8 0BGy N o, ek

hydr Ogtlwcﬁl ﬂwre' ?EB%' sdpa%te(r:sh34 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
forms openings 4é defined by nitride liner 28, posts 38 (including hard mask 40), and
nitride runners 18. Exemplary selective etches include a diluted hydroftuoric 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 isolation regions 14, silicon substrate 12, and upper
surface portions 22 The punch etch also remaves partions of hard mask 40 from posts
38. [n an exemplary embodiment, the thickness of hard mask 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 remove side portions of hard mask 40 from posts 38 while
leaving a substantial portion of hard mask 40 directly over pbsts 38.

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

' upper surface portions 22 of substrate 12 adjacent posts 38 and down to isolation
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and/ or a buffered oxide etch. [0077] Referring to Figs.. 37-40, a dry/wet
nitride punch etch is perfornmed to renove nitride liner 28 from over

i solation regions 14, silicon substrate 12, and upper surface portions 22.
The punch etch al so renoves portions of hard nask 40 fromposts 38. In an
exenpl ary enbodi nent, the thickness of hard mask 40 directly over posts 38
is substantially greater.than the thickness of hard mask 40 over the sides
of post 3§ .t al Ll ow the punch etch to.remgve, sjde portions of hard mask 40
Fr oRfaibes d 40§ hermelttive SesTHIES ErBatR A0 SR SR HARTRRIBRISRD i r ect |y
over posts 38; [0078] Still referring to Figs. 37-40, a selective dry etch
i s perisRisicen suhsiiate 1@ggaiaining fiaafglvﬁv@&qw pkeneatiupods B8tangt e 12 adj acent
posts 38 and down to isolation 17 regions 14. The selective etch also

r enogiesregdp Eisiison Suppat atrueiurasetfi. dreman siicoe auprort piouaturmssttodresi | i con
substrate 12 remaining directly bel ow or beneath posts 38 and referred to
as gehecly apopiao ot cgindicalin abagd . sifblarip pasty 38iwhicoextsng plaviatisailyct ur es 46
are generally annular or cylindrical in shape, simlar to posts 38 which

ext emdvelsticah sopedrt struAbe¥elss iTHeCwlecﬁiU@IQCﬂhterﬁérgé@bplérﬂﬁ%s%Z td Rensel ecti ve
etch enl arges openings 42 to form openings 44 with a bottom periphery

def igpafing 43 Witit8 BoSoRRrphehy dFndt @ sfeon YRR stﬁJéer@E@Gf@p;l%r silicon

substrate 12, and upper surface 50 of isolation regions 14. 1n one

exeuRlaLY 48P eflkee .%ﬁ%ﬁ"‘?%ﬁ%“t & Ruthee sEbASIRfo] RERSTS 14CIrPodd con

substrate e upper surtace sol ation regions 14

| cau DRl Ge AL Eh AL AAL ¥ BELAMURREL, SyRLae 30, (00701 SUIT

ref erri an 1 nsu or “exanmplre~an oxide, is

o etk Sl IR S5 ARH:E8ED Yisciblch850R¢ PRIL:AG HpeRBiisepgged Porti ons of

elevationally below upper surface 50.
[0079]  Still referring to Figs. 37-40, an insulative film 52, for example an oxide, is
formed over exposed portions of silicon substrate 12 and exposed poﬁions of posts 38.
The exposed portions of silicon substrate 12 include the bottom periphery of openings

’ 44 defined by upper surfaces 48 and silicon support structures 46. The exposed
porti’ons of posts 38 include t‘he sidewalls of posts 38. In one exemplary embodiment, .
insulative film 52 will comprise silicon dioxide and serve or function as a gate oxide or
gate dielectric for subsequently formed transistors. An exemplary method of forming
gate dielectrics 52 includes growing oxide on the exposed silicon surfaces of the upper
surfaces 48, silicon support structures 46 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 silicon éupport structures 46, measured from the bottom portion of posts 38 to

| upper surface 48, will generally define a vertical length of a subsequently formed
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The exposed portions of silicon substrate 12 include the bottom peri phery of
openi ngs 44 defined by upper surfaces 48 and silicon support structures 46.
The exposed portions of posts 38 include the sidewalls of posts 38. In one
exenpl ary enbodi nent, insulative film52 will conprise silicon dioxide and
serve or function as a gate oxide or gate dielectric for subsequently
formed transistors. An exenplary nethod of formng gate dielectrics 52

i ncl udes_gr.ow,.ng oxide,on the ex iljcaon surfaces of .the uppe

Sur t acEr ooy Bl B e D e BT ara e dB e B edeabe, [ ooso)
In one exenplary enpodi ment, silicon support structures W |l serve or

f unct i 6t OBB?%IHG(S‘H?U@I" ofpRiaHeD ©lgthe tsﬁﬁgéa@@ﬁ'ﬂ S"Ftbsrtrﬁé%?gr%ﬂ?]si stors.
Accordingly, the length of silicon support structures 46, nmeasured fromthe
bot t ondligsPdtively Yategosinge e tf%\S'Qi@ﬁéTanﬁaf‘F%@éteﬂQ% pairendiglzely 40 (Re define a
vertical length of a subsequently forned 18 transi stor channel 46. Moreover,
si nce hdrizontadns pEmary uirenselfacsofessubshiate 1h(uppgeswtadel portiors £2 oal  or

per pendi-cul ar orientation relative the orientation of substrate 12, and

al t er nsffawrebyt exdslingdis tisé mt@fddechdtwaers pester38cdraisudistrdt® £X){ tedeansistor
perpendicularly to the horizontal or primary upper surface of substrate 12

(UpPer cHuHnERI® wWilDAdTinenh ARmitMhry veRrRaNraistexisdigmth a&ripigni nt er f ace bet ween

posts 38 and substrate 12), thé transistor channel 46 w Il define an
exenpl keC o ' iv@Ridant i ‘
il 1 B R T e L B an T T Vs e 1 o

S SRS b b A AR Lo

o, LR oo B BB P BTGP bR LA oo 49

of ti n@ltten\%ti\szglly ?é: eirr\é tc(>a gg Uenitiga(ac!hla%\rl\]g(ddfet)%viﬁ Sgggﬁd on the selective etch
processing step, for example, the length of time the selective etch is allowed to remove
and etch down into silican 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 polysilicon material within openings 44, removing portions of the polyéilicon
material by CMP processing down to nitride runnefs 18, and then recessing the
polysilicon material within openings 44 to below’epitaxial silicon posts 38. For example,
an upper surface 55 of transistor gates 54 is formed about 1,000 angstroms
elevationally below upﬁer 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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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 exenplary nethod of form ng
conductive material for transistor gates 54 includes depositing polysilicon
material wthin openings 44, renoving portions of the polysilicon material
by CMP processing down to nitride runners 18, and then recessing the

pol ysiefansrbetaeenipgstsids anchsulstratantR). M@Mldﬁlél glicidmlayax(nat sisdwn)den posts 38.
For exanple, an upper surface 55 of transistor gates 54 is formed about

1, Oommagsivleohansietce\gateiscmlahitryemhpimmemmmsm tRaniafm Siideaandl silicon
posts 38. In one exenplary enboedinment, polysilicon material of transistor
gat esotixdt dikicitlecessed to form upper - surfaces 55 el evationally bel ow an
upper surface of substrate 12 (for exanple, the 19 interface between posts
38 apghapybst r agefelig to%mg@rz,ﬁsuq@n :ﬁédléﬁi}e aleRYRdr 1405636 RWMHedicver f Or Med Over

transi stor gates 54 W th exenp ary silicides conprising titaniumsilicide

and snﬁ&ﬁ‘?é&bﬁﬂalté QEggate L«,Ggéales fté\)ﬂgl ﬁtﬂﬁoﬁ'ﬁ%g Atfmtr@% LRRMsald ve

materla orne 1 CO gaestructures

i N
3 “ee Bivet med THU o6 S IR PRORSSES MBI 3t BY s IRERY 15 | eavi ng

|nsulat|ve | ayer 56 extending in a line configuration, betmeen respective

ni t r ¢ PLAREF E'afér elqbing methpds {gexRosA MEfde Iunngre 1P leaviBgriesHialive sel ectivel y

etched to form openings 62 extending
layer 56 extending in a line configuration between respective nitride runners 18. Next,

nitride runners 18 are patterned and selectively etched to form openings 62 extending
through bortions 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 pc;rtions 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 p'e'rformed‘to provide a conductivity
dopant into upper éurface portions 58 of substrate 12 to form active areas 59, for
example, diffusion regions or nodes. In one exemplary em‘bodiment., diffusion regions
'59 will comprise source/drain regions 59 for subsequently formed devices, for example,
transistors. In still another exemplary embodiment, 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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t hrough portions 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. Exenplary
upper surface portions 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

conductipgsgy | ”ph%'?érng-.g% FRI20WB)50, %u@ﬁ‘ﬂlﬁ@ffﬂ@@ al RnRENHURRr BoRSIARHGH ¥bt Y
dopant |nto upper surface portions 58 of substrate 12 to form active areas

59, TOrcefx oesorﬂ%%w&)}a'%?%%ﬁ%ﬂﬂﬁe% aﬁ‘ggﬁécessﬁ\ %ggﬁeeétﬁﬁggé‘%tjgﬁ%d' ment,

dlffu5|on regl ons onprise source/drain-re sequently
f d
enbod @igivés%%@%%@é%ﬁf‘é@% fus. LR PE shpradent RS SRR

I ti t des 41.
Exonpl A1 drits Flgn é%‘ws%%nt%?@%rie%@tm@?5@@%&9&%%&5@@@7 Wi
regi ons, for e source regions. 0083] Referring to Flgs 49- 50,

anp [
such i 1SimEantad V'&“s%rr*ﬁf&%%%ft%ﬂ %ﬁ&@ﬁ%ﬁ nipFcesRiedP@nhg H® SQone
exenpl ary enbodi ments at a processing stage subsequent to the processing
st ages represegts.a viewsrieniatiomeirgerico PeaRtruGtiont1N® simiarde dhayewt ages of
Figs. 45-48. Fig. 49 represents a view orientation of sem conductor
const r wrientation@d Fig 148 atar subsegbenivprecessingstage] drshot:ldiiegundéBstadd thasubsequent
processing stage. Fig. 50 represents a view orientation of sem conductor
const r R¢.i 30is E¥lewi afith@ setnizonldacter evnstasctiontiaiod Rigo#afang rothfedd0°Frammbsequent

processi ng stage. It'should be understood that Fig. 50 is a view of the

sen conplefiefntatienat tHeclie@RorlBig. 89, Fidgs. 4930aMektia@d ek&tflp!8R) thdr@Mtor devices
electrically coupled with exemplary charge storage devices or data sforage 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 DRAMSs. An exemplary transistor device is referenced generally as numeral 69
and an exemplary charge 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 portibns defined by silicon support structures 46 are

cylindrical or annular portions of silicon substrate 12. Gate 54 extends generally
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the orientation of the view for Fig. 49. Figs. 49-50 illustrate exenplary
transi stor devices electrically coupled with exenplary charge storage
devices or data storage elenents, for exanple, capacitor devices. Such
exenpl ary- conbi nati ons of transistors and capacitors are representative of
menory and/or logic circuitry conprising nmenory cells such as DRAMs. An
exenplary transistor device is referenced generally as nuneral 69 and an
exenpl char ge st.orage device or ta storage el enment, for exapple, a
capgg?%ﬁ%gwrgﬁargémpéggf‘té%8e1 %E‘é}%g&ﬂe@ '%ﬁala@(‘fpe{@ﬁgﬁfeﬂ exenpl ary
transj stor 69 conprises a gate 54, a gate djelectric 52 and  source/drain
regi éwgoﬁiu%@?%gg@ﬁ@r 556%99 @P@P&P&ﬁgﬂeﬂe&%g’i%ﬁ@? negizeniat Werlines@f udes a
channel represented generally as the region of substrate 12 where current
fl omﬁ?llrcﬁéﬁamlf@@@ﬂﬁ? é? agdvh, fr gxampleeiiednigiiage Kpnann prAf®384andand gat e
dielectric 52) fromsource/drain region 59 to source/drain region 41. An
exenpbarcg/draintré¢ginnof 1)t Heate lidnin spacarhand ineglatesd from silicsnppbsttateti2umt ur es 46

that extend directly elevationally bel ow source/drain regions 41. Exenplary

changete giektiriote. dsdie Faceignds Végoalyseimivetsitdonuniostase 48. #Havewy) i ndri cal
or annul ar portions of silicon substrate 12. Gate 54 extends generally 21

vert jtehout BoUANERodthat §ae4 firfoukdsanrecaticy tRECREAREIEBEAY t0 an upper
surface of silicon substrate 12 (upper surface represented generally as the

hor i gapted by SiRcdr 8§SpdH stg%@%ﬁe&et{@rﬁéébrﬁﬁgiy?% e&é_ﬁgw%tefswwmxawpl e, the

interface between posts source/ drain regi Gate 54 is spaced

o MG BB AU Sl 0nis g BV oL S
oS AR PSR B e R BRRHAET. pestamngl JRppbag, o1 e

electrical contacts and not as source/drain regions, an entirety of transistor €9 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] Exemplary sourcé/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 sourcﬁe/dfain regions 59 formed on

apposite sides of gate 54 will comprise an entirety 6f the source region for transistor 69.

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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define a vertical -surrounding-gate for a vertical transistor, for exanple, a
vertical - surroundi ng-gate transistor. In an exenplary enbodi nent, if posts
38 are defined as electrical contacts and not as source/drain regions, an
entirety of transistor 69 is fornmed within the silicon substrate or bul k
wafer 12. Alternatively stated, transistor 69 is fornmed at or bel ow an
upper nost surface of wafer 12. [0085] Exenplary source/drain regions 41

conpri I i . el i egli . 59 no]@ source
reg) o_nciof?ﬂ%%ﬁter?%%te%%%a@?ﬁ B e BOHEEE s%gdptiar&ic%_k\@?%v%aﬁ%?%g# 59 i 1
conpri.se an.entir of the source r on ransi stor . n_anot her
exerrpl'%PQR/QWBB'&:[CH@H%POLYSB'QPP pg’fgssocgﬁﬁlia‘)“lg? ébgfqreeé?cg%asl 5§UPIRFEANIHOTHpposi t e
sides of gate 54 will conpri%e an gntire of the source region for

t r ansi®t YR RSS!S 3§ 1o ubscquanilyifoRmRd devigesy it PMBIR: ERRAMEIPE 8- 69 establ i shes
current flow 71 fromsource region 59 downward through silicon substrate 12
bel ow [8886hr ound\neexsoiiasncapacitsy 80gamerisas anatieradell iarad sterrgeghdehe

channel portion 46 and to drain region 41. During processing subsequent to
Fi gs. 75-ad@&pachordtietasikis 73@ver stiecadeynasiect2, pod adog8chpkate 7émyeedaganitopor t i ons

of insulative |ayer 56 directly over hard masks 40 are renoved to expose

upper disletmicer3. dapmeitdss@B8. eléanchliytcovsedtd bansidtod 6@ by epitaxiakdilioger and in 22
contact with posts 38 to forman electrical contact. Exenplary conductive

mat er igdst 882and Solpsiliasr piugam2t with gbmip@wghbi1@Qrdeta@m90én@eléctrmamgs 102 for
el ectrical coupling transrstors 9 via posts 38 to subsequently forned

devi Cec%ugfléﬁ ¥ BN cféaig?ccb’bﬂ&@ctﬁ@-pldg@%%(]:gé%o%'%”ﬂahﬁéé{ kg or 80

conprises a bottom ce ate or storage no , a capaclitor dielectric 73

oner AR BocrPal B ST o PP A SR G B8L T Cor”
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 pclysi!icon. [nsulative
spacers 70 (Fig. 50) are formed between conductive plugs 61 and insulative layer 56.
Exemplary insulative spacers 70 comprise silicon nitride and/or oxide such as silicon
dioxide. |
[0087] Semiconductor construction 100 éomprises intermediate structures
between capacitors 80 and transistors 68. 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 specific features éhown, and
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post 38 and polysilicon plug 102 with polysilicon plug 102 contacting and
electrically coupled to storage node 72. Conductive plugs 61 (Fig. 50) are
formed extending wupward fromand electrically coupled with source/drain
regi ons 59. Conductive plugs 61 also contact portions of digit line 104 to
electrically couple digit line 104 to transistors 69 via source/drain
regions 59. Exenplary digit lines 104 conprise polysilicon and/or silicide

| ayers, Exenplary conductive plugs 61 conprise doped polysilicon. Insulative
s pacer%es‘i’ﬂbg&i stjr.’g%@'b? raeans '@ﬁrﬁﬁ'bd'ﬁgt?%@%ﬁo"ggﬁ%ﬂﬁr@ & dﬁPﬁr@%g%i”ﬁé’Pﬂith%s ul ative

| ayer 56. _Exenplary insulative spacers 70 conprise silicon nitride and/or
oxi de iBYRMicasnts) effashn Theiryentien is, teBeiorsativedduanvef itsdagns @kt i on 100
conprises internmediate structures between capacitors 80 and transistors 69.
Ni t ri deodifipatict@avithie tHeopropdr ssmoe dithe tppémded glainsi appsoptiately Ineipretedve
spacers 110 are fornmed between digit l'ines 104 and nitride caps 106 on one
- side an@cp@kymbéMmmnh@HUQﬂnéQﬁeqmvahempther side. A silicon dioxide I|ayer
108 is formed over nitride caps 106. [0088] In conpliance with the statute,
the invention has been described in |anguage nore or |ess specific as to
structural and nethodical features. It is to be wunderstood, however, that
the invention is not limted to the specific features shown. and 23

descri bed, since the neans herein disclosed conprise preferred fornms of
putting the invention into effect. The invention is, therefore, clained in
any of its forns or nodifications within the proper scope of the appended
clains appropriately interpreted in accordance wth the doctrine of
equi val ents. 24
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What is claimed is: 1 Atransistor conprising: a gate, a gate dielectric, a
pair of source/drain regions, and a channel region; the gate conprising a

| ongi tudinally oriented conductive |ine conprising opposing longitudinally
el ongat ed si des; the channel region conprising a solid sem conductive
material post which extends upwardly into the conductive |line, and
transversely relative to the longitudinal orientation of the conductive

| i ne, between the opposing longitudinally elongated sides; the gate

di el ect yWKkateiRCtlafheagst he solid sem conductive material post; and a portion
of the channel region defining a |l owernost structure of the transistor. 2.
The transistor of claiml1 wherein at | east portions of each of the gate,

the gate diekectrj j f. rce/drain regions, and the channel
region are vv:‘thi nAgtmrE(ggtecfnra%%Wg)ﬂ'csﬁ%'e material of a sem conductor substrate.

3. The transagjate, af gataidielbcthier gipait né sohaveslraiegegiorennnd seshanahel east
three | aterally spaced and parallel extending portions, one of the
| at er al I'§89'®Paced portions conprising the post. 4. The transistor of claim3

el STt EbARRGL Y, DRARFHLRAL.| Sietcs, Lecuveen mRposi v

comprising opposing longitudinally elongated sides; .

the channel region comprising a solid semiconductive material post
which extends upwardly into the conductive line, and transversely relative to
the longitudinal orientation of the conductive line, between the opposing
longitudinally elongated sides;

the gate dielectric encircling the solid semiconductive material post;
and

a portion of the channel region defining a lowermost structure of the

transistor.

2. The transistor of claim 1 wherein at least portions of each of the
gate, the gate dielectric, the pair of source/drain regions, and the channel

region are within bulk semiconductive material of a semiconductor substrate.

3. The transistor of claim 1 wherein the channel region comprises
at least three laterally spaced and paralle!l extending portions, one of the

laterally spaced portions comprising the post.

4. The transistor of claim 3 wherein two other of the laterally
spaced portions are received on opposing lateral sides of said one of the

laterally spaced portions.

5. The transistor of claim 1 wherein one of the pair of source/drain

regions comprises an upper portion of the post.
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5. The transistor of claim1l wherein one of the pair of source/drain

regi ons conprises an upper portion of the post. 25 6, The transistor of
claiml1l wherein the gate dielectric encircles one of the source/drain
regions. 7. The transistor of claim1 wherein one of the pair of
source/drain regions conprises an upper portion of the post, and the gate
dielectric encircles said one source/drain region. 8. The transistor of
claiml1l wherein the pair of source/drain regions conprise diffusion regions

wi thin bul k gonocrystghhsr@oresetiam 1Saibrefh fthdshaie r@giodsicobntherdai r
havi ng el evationally outernost surfaces which are elevationally coincident
W t h oupsensthessptfasddrain regiobal k  nonocrystal line material. 9. A

transi stor conprising: a gate, a gate dielectric, a pair of source/drain
regions, and a channel region; the channel region conprising a solid

vertical ly extending trsesiseonduetdive maheréml opesst tHnN@aof of Reupeédrafn
source/drain regions conprising an upper portion of the solid vertically

ext endi FROIOBKI EOAHUEIT Y @ el RPE aIPPHON,; of hheyarastdianécihe @adachidderHif t he
solid S@%ﬁ?lﬁécéugéfdvﬁngestcﬁ!rjcélldf%c?ﬁtré i@hd a portion the channel region
defining a lowernost structure of tﬁe '

8. The transistor of claim 1 wherein the pair of source/drain regions
comprise diffusion regions within bulk monocrystalline material, said
diffusion regions of the pair having elevationally outermost surfaces which
are elevationally coincident with outermost surfaces of the bulk

monocrystalline material.

9. A transistor comprising:

a gate, a gate dielectric, a pair of source/drain regions, and a channel
region;

the channel region comprising a solid vertically extending
semiconductive material post;

one of the pair of source/drain regions comprising an upper portion of
the solid vertically extending semiconductive material post;

the gate dielectric encircling the solid semiconductive material post;
and

a portion the channel region defining a lowermost structure of the

transistor.

10. The transistor of claim 9 wherein the semiconductive material

comprises silicon.
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transistor. 10. The transistor of claim9 wherein the sem conductive
material conprises silicon. 26 11. The transistor of claim 10 wherein the
sem conductive material conprises nonocrystalline silicon of a bulk
nonocrystalline silicon substrate. 12. The transistor of claim9 wherein
the pair of source/drain regions conprise diffusion regions wthin bulk
nonocrystalline material, said diffusion regions of the pair having

el evational ly outernost surfaces which are elevationally coincident with

out er nost suf faceph@ftrdhgisholt lof dTRNMACTYStiRétdiRethaksemiabndldtivéh@attéaasi st or
of claim9 wherein at |east portions of each of the gate, the gate

di el ect EPEPrigRs paINBrysbalties dshicenr egf ods, baHg thenepatiialling egiltsorar e
Wi t hin ?H!)g (laén' conductive material of a sem conductor substrate. 14, The
transi stor of claim9 wherein one of the pair of source/drain regions
conprises an upper portion of the post. 27

12. The transistor of claim 9 wherein the pair of source/drain regions
comprise diffusion regions within bulk monocrystalline material, said
diffusion regions of the pair having elevationally outermost surfaces which
are elevationally coincident with outermost surfaces of the bulk

monocrystalline material.
13. The transistor of claim 9 wherein at least portions of each of the
gate, the gate dielectric, the pair of source/drain regions, and the channel

region are within bulk semiconductive material of a semiconductor substrate.

14. The transistor of claim 9 wherein one of the pair of source/drain

regions comprises an upper portion of the post.

27



