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

i nvent i orwpantcai28wst o met hods of form ng sem conduct or ®omAiSeMsSHB@EE 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 nethods of
forming integrated circuitry structures and related integrated circuitry

whi ch i nproyve upon those nethods cyrrent]y utilized and the resultant
StrUct urSeTHER etoR &rnsfrueliens 95@ T&P"Flr#%@% M@Fh%&? ef fFargiRgnor y

circuitry and arrays. Such circuitry has been and continues to be the focus
of intense effortsSemicenduetariCorstyuciypns padcinapsisteys i ncrease the speed
wi th which such circuitry operates, and maintain or increase the ability of
suchTECHNICLyFiEb.performits nmenory function. The industry designers
continually search for ways to reduce the size of nenory circuitry w thout

sacr to‘doqp ng arTRY ifRhtieh PeRams tbARSBbIOBE ferHihg vashidshdittoraureiuegons t he
desi gn of transistor structures which are incorporated into nmenory
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sem conductor circuitry. i st ance, tranms?or structures can ‘

i ncos or.a,[t ed into nenory circuitry (such as, for exanple, dynam c random
ac o eLdnsistors.

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 methods currently utilized and the resultant
structures formed thereby. 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 designers continually search 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 (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



menory (DRAM) and logic circuitry. DRAMcircuitry usually includes an
array of nenory cells interconnected by rows and col umms, which are known
as word |Iwoesocanemsgit |ines (or bit |ines), respectivelrgT/UA2a08pBixas DRAM
menory cell conprises a transistor structure connected with a charge
storage device or data storage el enent (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
chadigd linesdoohit limAg), respadtivelyr A bl &H&Mﬁ@emw cebgomprisesiaconduct or
constructions will be supported by a sem conductor substrate. The
sentraasidtartsdructirbstonateted With haharge storags degioe fackatatstctageaeldreecbnsi der ed
to define a horizontal direction or horizontal surface. Transistor devices

can(Qnthy ifdegkanpRyaicapapitdr @ifcHat egori es based upon the orientations of
the channel regions relative to the primary surface of the sem conductor

SUDFSOGAP-  SPRGhdaf Buhdisidr SBIRIFLOLRbIEE BN Elloh BERVEARAN 0! ONS

t ha primarily para e primary surface e substrate are
referred .as planar .transistor struct th havi ng, channel
ot BHES R AR Bhd 87 GPpuiad BB e SRR O " e
substrate are ref g{ﬁ:ed to as vertical 1 ran@jf sfor structures., Since current
f | ofPHeESMRANE RECER RO UgHINEBCRRRN?IEESIRs Uie Yapsigisicopsiruekiansdilizeeur s
t hrough the channel region, .?I anar transistor devices can be distinguished
f r oifi s@Migopaliclor gABSkEGONSewill bessuppeegd lyom SemicafidustarissibstRisulhent f 1 ow
as well as on the general orientation of the channel region. Specifically,
ver sesadorduattyi sibetratbewilldes/eaa prichevy sesaderwhvithctar be considerdd fd defifet ween
t he source and drain

a horizontal direction or horizontal surface. Transistor devices can be divided amongst

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.



regions of the devices is primarily substantially orthogonal to a primary
surface of a sem conductor substrate, and planar transistor devices are
devi ces iwowhiohst’Re current flow between source and dr 2Cm/USe@is0B®6$ S
primarily parallel to the primary surface of the sem conductor
substrate. [ 0005] There is a continuing interest in the devel opnent of

nmet hodol ogi es by which vertical transistor devices can be incorporated into
integrated circuitry applications due to, anong other things, advantages in
packi ng density that can be obtained utilizing vertical transistor devices

rel 6[?)"0’05] to plenae i$ bagwsitialiflg ideresds thdiévalopmenies metbotiolegiesiy y
encountered in attenpting to produce the vast arrays of vertical transistor

devi,giasnd8nidap Hahes BRI 6 iRRRdaRid inrSinigrdiedmroatgi ni ng sui tabl e

perfornmance characteristics of the devices. For exanple, present

met hodgl ogi es . f f ] verti cal i SL:ar N ' f@r m ng or
or e fasrg o At Phg R EEg, PR oo Y s S R T
primary, or, horizontal surface of .the m t The epitaxi al
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designs of vertical transistor devices. However, this design creates
sevdpifficuliesparensequaitly snsepniered ImAHBMALRS & PIPSHS? { Y%§ ar %é’ﬁ@ﬂ‘ ed with
potential cell |eakage issues. Additionally, the design pronotes a floating
bodwesfi¢adtarisistohdeticemdesirad fartsanmiedndusiatrppbegiidns attele mamtainiBgeases t he
difficulty of controlling the gate threshold voltage of the transistor.
Accod fliantd perfbimarscelesdraebristicslef teogevivas. rfitr sadsplemprésenti cati ng verti cal

transi stor devices that inprove upon and/or at |east dimnish or alleviate
t hesg QR &318s for forming vertical transistor devices include forming or growing

epitaxial silicon posts or pillars to extend upward from 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 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 and increases the

difficulty of controlling the gate threshold voltage of the transistor. Accordingly, it is

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



SUMMARY CF THE | NVENTI ON [ 0006] In one aspect, the invention enconpasses a
transi stor device that includes a sem conductor substrate. The device al so
i ncl udes wogats28smed to extend within the sem conduct ecTaisb@sNAices a gate
dielectric fornmed over the gate, a pair of source/drainregions formed on
opposite -sides of the gate, and a channel region formed within the

sem conduct or substrate. [0007] In another aspect, the invention
enconpasses a transi stor device that includes a sem conductor substrate
that has an upper surface. A pair of source/drain regions are fornmed within
t heregioms forthect @ oppibsiter sitles oAtiehgateehnd agihannelsegiondetmed within thae

sem conduct or substrate and extends generally perpendicularly relative to

t hesdlaR@Indekidrat®shbtet he sem conductor substrate. A gate is formed between
the pair of the source/drain regions. [0008] In still another aspect, the

| VBN eNCRNBASHES a3, AT EORAHAAS ohIRdIEL i faridithy tionbeien a

con |ve post exten I'ng Upvvar froman upper surface of a sem conduct or

substra A Sour ¢ r t ost within
the‘ngmecsosﬁaﬁw g)§ Pgﬁgg%n Ihgs a?x :é(r:g #@a&coﬁgﬁ ColBELdeycﬁei?]conduct| ve
ost. A transistor cha el exten s w. t he [ce ate is
Por'i?@dp'i}ﬁ frf ?Prfnr?@ \%@W&W&aﬁmﬁ ﬁ@ jégﬁ lﬁéga%)rﬁ' @?gg channel .

[ 0009] In yet anot her aspect, the inventi on enconpasses a n@jhod f form ng
a seithcoinelaaraiconewior sieastere st extﬁm%a@&efa%wf@?ﬂgl%ﬂaé'érFP ¥eitfe

substrate with an opening. An oxide filmis forned over the sem conduct or
subsppeat sufadehofthelsentipemiugor substrate. A gate is formed between the pair of the

source/drain regions.

[o008] 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 coupled with the conductive post.
A transistor channel extends below the source/drain and a gate is formed within the
semiconductor substrate adjacent the transistor éhannel.

[0009] 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 opening.
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.



A conductive gate material is provided over the oxide filmand fills the
opening. A pair of diffusion regions is forned on opposite sides of the
gat e nat ewpaboo28ttsn t he sem conductor substrate and a elbansedosnagscoHn i s
defined to extend generally vertically within the sem conductor
substrat e. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] Preferred enbodi nents of
the invention are described below wth 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

pr ocBBEEMHPEIQREF TON QKR BAW IAEpSct of the present invention. [0012]
Fig. 2 is a cross-sectional view taken along line 2-2 of the Fig. 1

f r agf@@10] [ 001Bief&irgd ethboslimenisent thé inventiBnagre Hebcdiggaebelowhaith at a
processi ng st'age subsequent to that of Fig. 1. [0014] Fig. 4 is a

Cr osféeate avdhe fHlleWin@sk@ondaiyingd dheviAgé. of the Fig. 3 fragment. [0015]
Fig. 51is aviewof the Fig. 3 fragnent shown at a processing stage
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Fig.. 5 frargmant shown at a processing stage subsequent to that of Fig. 5.

inventiort.
[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. 6 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 degrees.

[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 line 12-12 of the Fig. 11

fragment.



[0020] Fig. 10 is a cross-sectional view taken along line 10-1 0 of the

Fig. 9 fragnent. [0021] Fig. 11 is a view of the Fig. 9 fragnent rotated 90
degr ees. WOQa®@Jo28i79. 12 is a cross-sectional

vi ew t aken palrarsgoosiopmsed2- 1 2

of the Fig. 11 fragnent.[0023] Fig. 13 is a view of the Fig. 9 fragnent

shown 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
f r agje023]

a cross-sectional view taken along line 16-1 6 of the Fig. 15
[ 002Fig. BBds aview of thevFignP dragment shgwnid & peagespingsiHadh at a

processi ng stage subsequent to that of Fig. 13. [0028] Fig. 18 is a

Cros§y

[0029] Fig. 19 is a view of the Fig. 17 fragnent rotated 90 degrees. [0030]

Fi g. 1S
fragmﬂ

icpn & that eivFigaken along line 18-1 8 of the Fig. 17 fragnent.
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[0031] Fig. 2 1 1s a viewof the Fig. 17 fragnent shown at a

procter\gsh%git'stage subsequent to that of Fig. 17.

[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. 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 Fig. 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 tﬁe Fig. 17 fragment shown at a processing stage

subsequent to that of Fig. 17.

[0032] Fig. 22 is a cross-sectional view taken along line 22-22 of the Fig. 21
fragment.

[0033] 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.



[0032] Fig. 22 is a cross-sectional view taken along |line 22-22 of the Fig.
2 1 fragnent. [0033] Fig. 23 is a viewof the Fig. 2 1 fragnent rotated 90
degr ees. WOQ8abjo28i79. 24 is a cross-sectional view takenpalrarsgoosioswse®4- 24 of
the Fig. 23 fragnment. [0035] Fig. 25 is a view of the Fig. 2 1 fragnent
shown at a processing stage subsequent to that of Fig. 2 1.[0036] Fig. 26
is a cross-sectional view taken along line 26-26 of the Fig. 25 fragnent.
[0037] Fig. 27 is a view of the Fig. 25 fragnent rotated 90 degrees. [0038]
Fig. 28 is a cross-sectional view taken along |ine 28-28 of the Fig. 27

f r agri®086] [ 00347i9-F2Gis @29rass-seatiaq) \dewitakenalgng fise ReHeithe dfigwth at a
processi ng stage subsequent to that of Fig. 25. [0040] Fig. 30 is a

cr os$ragemdntonal view taken along line 30-30 of the Fig. 29 fragnent. [0041]
Fig. 31is aviewof the Fig. 29 fragnent rotated 90 degrees. [0042] Fig.
32 i §0037] 0SS- FaGI2PRA4 viEvewr thakmEy. 28 fragmennmotdRd3D edgrebse Fig. 3 1
fragment. [0043] Fig. 33 is a view of the Fig. 29 fragnent shown at a

Proceggsgp St aggy SHPRLYUrRsUs-d&btibRatviel thiéh aldflg line 28-28 of the Fig. 27
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. Y
[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 fragment shown at a processing stage

subsequent to that of Fig. 29.

[0044] 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 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.



[0044] Fig. 34 is a cross-sectional view taken along line 34-34 of the Fig.
33 fragnent. [0045] Fig. 35 is a view of the Fig. 33 fragnent rotated 90
degrees. WOQ4@)028i79. 36 is a cross-sectional view takenpalrarsgoosiopwe86- 36 of
the Fig. 35 fragnent. [0047] Fig. 37 is a view of the Fig. 33 fragnent
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
fragnent.[0049] Fig. 39 is a view of the Fig. 37 fragnent rotated 90

degr ees. {30050] Fig. 40 is a cross-sectional view taken along |ine 40-40 of
the EPQ49B9 fr &d@=N is 3 veRLPf thied ig437 fragmgntiataliedO0drareesy. 37 fragnent
shown at a processing stage subsequent to that of Fig. 37. [0052] Fig. 42

i s a[0088k- secthignd isva ewstsademtionbbnigw taken along ine#0t4ikoithg.Fig. 39 f r agnent .
[0053] Fig. 43 is a viewof the Fig. 4 1 fragnent rotated 90 degrees.

[ 005#&hghtant. 44 is a cross-sectional view taken along line 44-44 of the Fig.
43 fragnment. [0055] Fig. 45 is a viewof the Fig. 4 1 fragnent shown at a

pProceggsfp St aggy SUPREAYRN of ReliglaPfradingnt hdwn 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
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.

[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.'SO is a view of the Fig. 49 fragment rotated 90 degrees.



[0056] Fig. 46 is a cross-sectiona! view taken along |ine 46-46 of the Fig.
45 fragnment. [0057] Fig. 47 is a view of the Fig. 45 fragnent rotated 90
degrees. WOQb&}028i79. 48 is a cross-sectional view takenpalrarsgoosiopmsest8- 48 of
the Fig. 47 fragnment. [0059] Fig. 49 is a cross-sectional fragnentary view
of a sem conductor construction at a final processing stage of one

exenpl ary enbodi nent 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. DETAI LED DESCRI PTI ON OF THE PREFERRED
EVBODIEVENTE ) GURF RIFT IONIOS T BEU BEFERFHED iIEMBAPIMENTS submi tted i n

furtherance of the constitutional purposes of the U S. Patent Laws "to
prongoeetpe pr offtie sitsoidsuse bé theeinaantiars isf aubmnaiited in {urtheranas af thgecti on 8).
[0062] Wth respect to nenory integrated circuitry, the area over a

SUbeCEﬁEﬁ’tu’h@ﬁHl pE&BoEBS opBRNUNEB MRMtEntiEdws 1o mometoihe @ogeessperddarideyand
determ nes the capaC|ty of the device. This area is a function of the

ol emipllr ol TR 1 SEREh BETDLY Cel s the ar Z'azies‘”st ated to be 8F2,
}M;:: ﬁpgg&igéefﬁ\éﬁtﬁlrﬁé%? gﬂgnn%ﬁngﬁhgfe&rnven u{c@ﬁgﬁﬂ% actrvé%graﬁgs{m%@b%/yélgef i ned
{o Urenuped Ce%'@%le%%“r?é‘éﬂh%Prﬁe%%ﬁg%r%{sﬁaé%@%}ﬂs%““der%te"o‘)a%a%ﬁy ofh," ' "
Decerg)e?/:cz—:‘25Thlzsoe?rga lé gefugclztxsocnl 8fstl#1¥aenu?:xber of elements in each memory cell and the
size of each of the elements. For conventional memory cells, the area is stated to be
F2 where F represents a minimum feature size for photolithographically-defined
features and the dimensions of the conventional cell area is 2F by 4F. These memory
cell dimensions and areas are readily understood by referring 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.
5003/0234414 A1 discloses state-of-the-art memory devices wherein the memory cells
have cell areas on the order of 4F2. 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 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 generally horizontally and is alternatively described as an upper surface.

Substrate 12 can comprise, consist essentially of, or consist of a monocrystalline

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



which is incorporated herein by reference. U S. Patent Application
Publ i cati on No. 2003/0234414 A 1 discloses state-of-the-art nenory devices
wher ei n twe 2ommsyscel | s have cell areas on the order ofPC#RZ200Bp3066%i ew of
the U S. Patent Application Publication No. 2003/0234414 and conparing such
di sclosure to the disclosure of the present invention, it should be
understood that, the present invention discloses nenory circuitry that

i ncl udes nenory cell areas on the order of 4F2. [0063] Now referring to
Figs. 1 and 2 (Fig. 2 a cross section of Fig. 1) , a sem conductor
conSONgist P Morgcesipting eiican ghty-daped Wthhepprogrigteackfatngypace 13
oriented generally horizontally and is alternatively described as an upper

sur fdapent. SEbsexarnple] BubstrateormpEars Be Lpmtiontof @sHEAdERbiaYinefsilicdn waRsi st of a
nonocrystal |l i ne sem conductor material, and in particular aspects wll

conprd &iel.in ¢etBairstatRAA M ald) g . d L con
lightly- dopedﬁpvx,i tah appr%%?!aéﬁgqﬁgtc@g%hﬁiﬁ {/@é %ﬁ%ﬁb &ég)re éé@%rtr%llt%a,
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interpretation o ai ms

sub " " 1.conduct.or substrate" ar efined to nean any
cons%{ebﬁéﬁdo%%g%ﬁﬁ%?g%ﬁ@ci Q-o?]@dlqti“%?%tpeﬁ'glS,e”?'ﬁ%’l‘q}dﬁtlﬁe,mi’éiﬁflaﬁot l'inited
to, bulk sem conductive materjals such as a semi conductive wafer (either

al ofHCB RS S SERCOMGHFe walsseheralena & inrassemalies earaprsing otherd

sem conductive material |ayers (either alone or in assenblies conprising

ot h&natpelsrtharesn), antksemsicontsoties materlaliafers {eitteratynes upipaadsentbliglsr uct ur e,
including, but not limted to, the sem conductive substrates described
abovemprisinghethex emgitraly). €T thretsubstabstrefire td ang 8UPHEAG strubtlrk,

sem conduct or substrate or bul k
including, but not limited to, the semiconductive substrates described above. In one
exemplary 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
(ST1) regions. The isolation regions 14 extend generally in parallel 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] R‘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



waf er, for exanple, a nonocrystalline silicon substrate or wafer. [0064]
Still referring to Figs. 1-2, isolation regions 14 are forned in substrate
12. I n orwoer@mbasy enbodi ment, isolation regions 14 ceapriss@sobmbs ow
trench isolation (STlI) regions. The isolation regions 14 extend generally
in parallel and spaced rows |eaving 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 al@PeRls secip:ﬁeéﬁ‘f ripg t&Figs. §)8, itsshviuld baendagstood thdtsmlldepotdired over upper
surface 13 of substrate 12 and isolations regions 14. An exenplary

t hi ckergesentfthaisamedprocaysing stop. tiigs. 5-6 represeni alfirstidtiaMihgdh and Figie7layer 18
extends upward from upper surface 13, ranges from about 2,000 Angstrons to

abouterFe S8 sAserinorrert A5 HthaRal idritd® 9b @eatk@@s frémﬁiheic}rie%‘faqwndofqi?%s.

understood that all four figures represent the sane processing step. Figs.
5-6 benr RRGAS |def 183 pQid ' o9 treliche! S
orientation t t?gt IS OP%@E%%}}%@@%E@@@&#@%&S?&{@f.arg)itﬁﬁts%(\te&ggs_ 5-6.
Nitr} I i rned and ched to farmtrenches 20 (Fig. 8) that
ext endFnd8%Ehe e, B8 PpBlSuiad BibRe o aubSiBa Tond remae 20
subsérste 12..Tr%nches.20 al.so exp?se isolation region portions 24 of
i sol APPSRPPEYISHRINAETimRPartions dé of isplationgregionsetd. pae néridetayes 18iisr i de
rows, or runners 18 that extend generally in a spaced and parallel relation
or i elRfiRptisEnedasnEiTarows porunmersiil B doatiextend geheraily ot atspaned egtions 14
Upper surface portions 22 of substrate 12 are generally bounded by
i sol paradel retajioproriented perpendicularly to the direction of the isolation regions 14.

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

portions 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.ILE.) 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 substrate 12 which

were originally covered by the insulative 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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portions 24 of isolation regions 14 and nitride rows 18, and are generally
shaped as squares. In one exenplary enbodi nent, the etching step includes
an over - avoho@fo2suibstrate to range fromO to about 300 aogaiSe@s®30669067]
Referring to Figs. 9-12, isolation region portions 24 are etched to recess
isolation regions 14 elevationally bel ow upper surface portions 22 of
substrate 12 | eaving recessed surfaces 26 of isolation regions 14 (Fig.
10). In one exenpl ary enbodi nent, the etch process conprises a Reactive |on
Etch (R I. E.) and would be selective to the nitride runners 18 and
expo%@e@‘@ﬂm%@ﬁp FEMevd Rsidual axile from aveagidlewallygpa@ndsippeaserface ti ons 22.
The recess etch exposes sidewalls 27 of substrate 12 which were originally
covepedidns 2ef sulssitateitCevitmbaraxampidryictezinattio beingo wes hydvoflTdwe (HR) at i on
regions 14 are recessed froma range of about 500 to about 1,500 angstrons
bel owtgitpper surface portions 22 with anot her exenplary recess range of
about 800 to about 1,500 angstrons. |In one exenplary enbodi nent, a recess

CboufOsBhet e tbibRARPRIAS EAE"E niRIS e DS b SHALE BRI ARR 22 edual ©

abou 0 angstro ean etc orrre to remove resi oxi de
fro u i of substr te 12 with
an Zé%%tﬂ% FRuTed a*‘%@?ﬁﬁ%ﬁﬁé&%@%?%?% PR (s RarEtoRp ddeg1o-
Referrln t.0 ride lin 28 is provided over substrate 12
and 5‘?991.? rséggagﬁf" @éd”‘ﬁ?@t@grﬁ” iz@sp%k?écfn %&%Sé%pm embRginegnti 8ol at i on
regions 14 (e.g., recessed surfaces 26 illustrated in Figs. 9-12). In one
exenﬂ]'%mﬁsérfﬁbﬂl’fﬂ%imeﬁa FArgascEamiabouhdQ 9 aleouti19eranzBtromsy & saerdicialbout 30

to about 100 angstronms. A-'sacrificial
layer 30, for example, a spin-on-glass (SOG) layer is provided to fill trenches 20

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 mechanical polishing) processing. “

[0069] Referring to Figs. 17-20, the SOG layer 30 is patterned and selectively
etched to remove portions of SOG layer 30 to form opehings 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 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 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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| ayer 30, for exanple, a spin-on-glass (SOG |ayer is provided to fill
trenches 20 between nitride runners 18. O her exenplary materials for

sacri fi ciwab 20@ye87730 i ncl udes borophosphorus silicate glrasase@Bssdecand/ or a
TECS | ayer. A planar etch is perfornmed 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 exenplary planar etch conprises CWP (chem cal

mechani cal polishing) processing. [0069] Referring to Figs. 17-20, the SOG
| ayer 30 is patterned and selectively etched to renpove portions of SOG

| ay euriz@etporiions28 gnd argsiedinedtdrrisudgrediy thetowarse! 30Ctlsyenxddsadni tri de

| iner 28 over upper surface portions 22 of substrate 12. Exenplary
confrigideatowanss. oAnexeogsdrypseiéctivesnividerettn wdeoVerrstch 28ride, os grampke
Portions of SOG layer 30 remain as towers extending upward from substrate

12 hafiveedwdl 18, i1 oUanicut BB ovdidstrentran dpieieanly stop at bigdsn EQbstidte t over s
bei ng rectangul ar. The exposed portions of the nitride liner 28 are renoved

e@ooi@ O%‘E}W%Bﬁé%égaﬁ?ﬁr fﬂeoe%k%oggd glgp?PQértfé@é ?or%’gns 23 o‘?éﬁﬁ?ﬂr&l@’ etch

to
to remo ide Trner rom over upper surface portions

22 includes a selective nitride e i (" 0 e jons of

ot e RSl Bhlia ot St 12 e BT thg R BN TS o3t end
to uppersurface portions 22 and are defined or bordered by the towers of
SOG arageforHbsegUaNtyY faeddrvIaes ang{OEREMPHESy sel ective nitride etch will
over-etch nitride, for exanple nitride rows 18, fromO to about 300
angd003RE and PeErenabn Fiost 8p-24. ashipnkadinsilaierlayer, for exampae Ex@®pl ary
enbodi ment, the exposed upper surface portions 22 of substrate 12 define
gendagdr, sifdraee areeadicoh subsiateat 2 at@ fitlhapenings 3derie exeripiact TBOSs acti ve

layer is anisotropically etched to form sacrificial TEOS spacers 34 over 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
openings 31 leaving generally cylindrical openings 32 exposing a smaller surface area
of upper surface portions 22. In one exemplary embodiment, TEOS spacers 34
improve the critical dimensions possible for subsequeﬁtiy formed structures provide
over or upon upper\surface portions 22 of silicon substrate 12.

[0071] Referring to Figs. 25-28, in some but not all embodiments, a nitride
material is provided over silicon substrate 12 to fill cylindrical openings 32 and then
anisotropically etched to form another nitride liner 36 (the first nitride liner being 28) over
sacrificial TEQS 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

13



areas for subsequently fornmed devices and/or structures. [0070] Referring
to Figs. 21-24, a blanket insulative |ayer, for exanple a TECS | ayer, is
formed oweo 280d/i28T78 substrate 12 and fills openings 3 1PCThs2ases@b@ary TEOCS
| ayer is anisotropically etched to formsacrificial TECS spacers 34 over
nitride rows 18 and SOG | ayer 30. An exenplary etch includes a reactive ion
etch |l eaving.sacrificial TECS spacers 34 laterally extending from about 200
to about 500 angstroms fromthe sides of nitride rows 18 and SOG | ayer 30.
The sacrificial TEOS spacers 34 narrow Qpeni ngs 1 | eaving generally
cy|SUi@ePRAtiepeat Rbsilieen é‘)&%ﬂ@tﬁdgaa@n%ﬂw PXE?J%dai’Q Oé}ee%x%flglﬁ‘ﬂber surface
portions 22. In one exenplary enbodi nent, TECS spacers 34 inprove the

cr iameediminiethsiniride fiossdbMméll prteeubsPFUIRCEE $HEHBRT stPSRIURELIPN ovi de
over or upon upper surface portions 22 of silicon substrate 12. [0071]
Refocéseing anfioysiuridg sdBsequert aifisidadionroceddingnbodi nents, a nitride
material is provided over silicon substrate 12 to fill cylindrical openings

32 mpg2) hen améfsaidPRi mas | 29-8bCitesh breiplaly anwiodene, furiitke dichiey &3 (t he
first nitride liner being 28) over sacrificial TEGCS spacers 34. An

eSB! FBLLABLE ! B oA R gl il UidiBbodbelimdation
pert B o' 4 SnE5 L er 0ol o bl 12 TR 0 Tons 22 of
12 AP EHPT BT MG R BRBRST IS S Ur hERT So PR RSN LE THHGE 36
w || protect TECS spacers 34 during subse uent_ etch dp;]&c%%%% ng and/ or
durrioms 531888 A tavsr i30drailitates thy tesdipA@l a pre-selected heig

subsequently formed epitaxial structures relative substrate 12. Posts or pillars 38 are

formed extending 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 grown 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 exemplary elevational difference being about 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 substrate 12. For example, epitaxial silicon posts 38 ére 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



[0072] Referring to Figs. 29-32, in an exenplary enbodi nent, further

et ching and planarization processing can be perforned to elevationally

| ower t hewoppevo281isf aces of nitride rows 18 and SOG | ay @eCTAB2008/0i668 €
silicon substrate 12 to a pre-selected el evation or hei ght above upper
surface portions 22. Such pre-selected height of nitride rows 18 and SOG

| ayer 30 facilitates the formation of a pre-selected hei ght of subsequently
formed epitaxial structures relative substrate 12. Posts or pillars 38 are
formed extendi ng upward from exposed upper surface portions 22 of silicon

sub8#f Par eeqipicakyasiiaet kejween picharge pomarygdedee ot datmstoeagem@langnenbodi nent ,
posts or pillars 38 conprise epitaxial silicon grown or fornmed from exposed

uppéruchLag, fefeexaroplej acapadtorideside) and astrdrsdistat Rrhdd iPeabse@tave upper
surfaces 39 and, in one exenplary enbodi ment, upper surfaces 39 are forned

el epaddessinll gndekpuinRP@brStHor eSSy BéloW, Akdrhb i ] xenpl ary
el evati onal di fferpence bei ng aboutyl, 000 to abglﬁetw%?@%%égé#gg??%n%sé

por 1 o B H R LoV Fedla b Phan kRS Y6 T AMBRRYY M8B6% et r om.
Al tﬁﬁ@&ﬁ%@b%hly%b@é@%@ry hei ght of epitaxial silicon posts 38 can be
[ erms

consi dere percentage height relationship relative the height
of pifs4-de ro 18 extending fromsilicaon substrate 12. For exanpl e,
M7 i PRE g%

epi si | 1Y AHgMgLNeIPRRRS tPJOrRING fPitaxighsilippre PostadBaisdo por t i ons
22 to be within about 50%to about 70% of the height of nitride rows 18,
anddgPqsit @ ARRAUStvRNaleyial eyl subBtralsolR whemin eylitsical GEsniogs 8Rardiei ght of
nitride rows 18. In sone enbodi ments, epitaxial silicon posts 38 will serve
or fillascwitly Hass cemdusitive madteral. dothiacitebetive emocesshesgtucsiverageridevi ce or data
storage el enent ’

extending outward 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 openings 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. 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 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
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(such as, for exanple, a capacitor device) and a transistor fornmed in
subsequent processing, and expl ained nore thoroughly below Alternatively
consi der entlp 2p@a287738 Wi Il | serve or function as a node regirars00608066xanpl e a
source/drain region, discussed nore thoroughly subsequently. [0073] An
exenplary alternative process to formng epitaxial silicon posts 38 is to
deposit a conductive material over substrate 12 wherein cylindrical
openings 32 are filled with the conductive material. In this alternative
process, conductive material extending outward of cylindrical openings 32

i s rembodithdyt, pReiaRtaary qeinghativaly depea ket deehiaig, a peeiosr elslifusien to upper
surfaces 47 of nitride rows 18. The conductive material is then recessed

i nt aeylomscor nodls £8larpieereigse, 3@ ekeclitg! coriacsrtriverndiifusien regions or

el evational |y bel ow upper surfaces 47 of nitride rows 18 with an exenplary

el eviddean®l oflslibsscRrRAGy hehmey alesistols 8RO chpacitoost inlarigiferastij sxeatpiary An
exenpl ary conductive material includes undoped or doped polysilicon wherein

t heﬁfﬂg@fxﬁ?rﬂgéﬁk'ésc% agﬂgk%n%g%eaﬂ EmeNEas bAYRPbf bAS oPRYBAEI NY.

[ 00 erring t I'gs. 29-32, a conductivity inplant (not shown)

5 PRSI SoRS0 S SRR o gsReticdkybeegh stbgsasgper Ll ons
O k% T L 0 SONA Lt PRl b o o

conductivity dopant within silicon substrate 12. Alternativel portion

of tshowanawerioymed ta@pvide eerridstiyily §RR&NS SyBStaRTtIRlLQRY T8t 35?8368

el ectrically conductive _
and then posts 38 are annealed to out-diffuse conductivity dopant from posts 38 into
silicon substrate 12 to form at least a portion of diffusion regions 41. In alternative
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 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 shape and may or may not have empty space between optionally formed
nitride liners 36 and/or TEOS 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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formng a portion of the diffusion regions or nodes 4 1. Exenplary
diffusion regions 4 1 conprise source/drain regions, for exanple, drain
regi ons. wo 2a0oi2k®s exenpl aryenbodi nent, posts 38 are ceaawskeosmBoscgioped
but do not forma portion of diffusion regions or nodes 4 1, and therefore,
formelectrical contacts between diffusion regions or nodes 4 1 of
subsequently formed transistors and capacitors. In another still exenplary
enbodi ment, posts 38 and diffusion regions 4 1 conprise an entirety of one
of a pair of source/drain regions of a transistor with posts 38

el doteiposriey apdiopreditrids nars FXEYPIESY Sidhes dp 4eress Ritridenmaierigl sy y
processi ng net hods, a conductivity inplant (not shown) is perforned to

pr anclddea acpiadacoi biahkeldepative Eunbsttlhmhichl legessts/nitiieomedsrial 498toand t hen
posts 38 are annealed to out-diffuse conductivity dopant from posts 38 into

Si ldxgRReBD6! g8 L33 AnHorEOBMNpaket@st A axonpiam nifiddirh4tesiaba0 iegi ons 4 1.
In alternative exenplary enbodi nents, diffusion regions 4 1 are not forned

V‘hesr(?‘aciriﬂci%l %3@?' et Qdnies ALl t%{?ﬁ?rl(&oﬁarﬁ hoNdK 40 B PrRtEASHREXIPSRESY hEStsR

conductrvity dopant substantially only into posts 38 wherein posts 38

o O g B St A T R e SO R BRI PR L

source/drain regions and posts 38 conprise another portion of the one of
t heRF&ers gfj" source/drain regions. [0075] It should be understood that
exenplary posts 38 are_generally annular or cylindrical in shape and may or
nmayl08dBl have RAING faElsHsBrte @ WPk OrRROr 9t°%d? RefoRmeitademoNei’e 36 and/ or
TECS spacers 34. A nitride material 40 is provided over substrate 12 and in
cy| SO layal 30@ewi thgsTE2Stspacetd 34randgirpteyally 4o ecpevandies Shysiayeg S0

and the TEQS 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 substraté 12. The selective etch
forms openings 42 defined by nitride liner 28, posts 38 (including hard mask 40), and
nitride runners 18. Exemplary selective etches include a diluted hydrofluoric 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 removes portions of hard mask 40 from posts
38. In 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 posts 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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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 form
upper surweaces/n8775hat are recessed el evational | y bel owpChasamsmsosstir f aces
37 of SOG | ayer 30 and bel ow t he upper surfaces 47 of nitride runners 18
(nitride material 40 is shown as havi ngi ncorporated optional nitride liners
36). Exenplary etches to recess nitride material 40 includes a planar or

bl anket reactive ion etch which recesses nitride nmaterial 40 to expose SOG
| ayer 30 and TECS spacers 34. An exenplary nitride material 40 is a
sagegionsi t4. Thy eelective etndr alss ramoxed RPRICES abisotadion ragivrs40t and feavesct

epi taxial silicon posts 38 during subsequent processing, for exanple,

r erporiibnobf Siikor aytestr16 1@venidfiBgsiecty beldd. of i&Gkh Restsr38 agdt o Fi gs.
33-36, a wet or vapor etch is perforned to renove the SOG | ayer 30 and the

TEGBfTRAS &S s §ﬁﬁcorﬁ@gp;96|@fs%éﬂir¥s 1e. 'E&@ﬁw\p@ar? ReicOSubpyestratt a8 46Nge TECS

spacers 34 entirely. An exenplary etch includes a selective etch to stop

fr; fscgé'rﬁegéw aﬁ'ﬁ&iéie Gfﬁﬂm‘&rﬁéﬂ i@%ﬁ%g@ﬁ%ﬁiia@k& s4 @8%@2} E&fe%gzél%\?ﬁgqrﬁﬁgohar d

nrtri ners 1 per surtace portions 'rcon _

SO S o R B e L B P e PR BR A O
oI RETAEH T P07 PORRFGR ATy BoRTed by SHoaDSUaPalt STUREIR 44 (B Bunch etch
is perforned to renove nitride liner 28 fromover isolation regions 14,
si |durtacestib ot sieen aubhstenie 12ppad UPRES BEAGRPA PLiRglation ragienpddeHN&NEh al so
renoves portions of hard mask 40 from posts

exemplary embodiment, the punch etch will eich or recess the silicon substrate 12 to

slightly below the upper surface 50 of isolation regions 14 leaving upper surface 48

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 portions 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 48. 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

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 support 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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38. In an exenplary enbodi nent, the thickness of hard mask 40 directly over
posts 38 is substantially greater .than the thickness of hard mask 40 over
t he si deswof2o@oas7738 to all ow t he punch etch to renove eCciaSp@siswns 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 renpve upper surface portions 22 of
substrate 12 adjacent posts 38 and down to isolationregions 14. The
selectlve etch al so renpves portions of isolation regions 14 and | eaves

por tiSIsEStoFchannet 68 Msseven sinee the Fansisky %aﬂ@e'ﬁ@/ebt@neﬁ/w geseealth post s
38 and referred to as silicon support structures 46. Exenplary silicon
suppertica of perpansiculs care@ta.jmenemtﬁ/? theguieatation of pubsidgatect?, andl shape,

simlar to posts 38 which extend el evationally above silicon support

st r witeunaiveltstaldt sinekahe tragsitarithanhal 4@ sxiepesipegsediicularly to theopeni ngs 44
with a bottom periphery defined by silicon support structures 46, upper

sur fragigoAthl ef phirlang gﬁpmdc@tcﬂ stBstraenth sﬁﬁééé‘F@rthsoﬁ h&wol ation

regions 14. In one exenplary enbodi nent, the punch etch will etch or recess

the St Sed ?%t‘ﬁ teHBcs lb'egpééry Bgﬁace élrgfe:]lrﬁbqvee{teﬁﬁgftﬁ@? gls‘?cgr

i solation regli on eavl ng per s 1 on oW upper

fz:fcﬁégag%e RTINS O RO e G
12 an sed rt| ons of osts 38. The exposed. porti on of sili con
sub& @tq n WH@”%'Weeb PERY M@S'icﬁhg?ﬂ}s‘% r@ﬁé‘ﬁﬁﬁd‘é” Ldﬂﬁ Yerdaalby upper
surfaces 48 and silicon support structures 46. The exposed portions of
postssrmgnding iirsistaes i weliedHissiretngiegtgatsgransistendn exempllalyy embodi nent ,

embodiments. It should be understood that the length of transistor channel 46

(alternatively referred to as vertical channel 46) will depend on the selective etch

processing step, for example, the length of time the selective etch is allowed to remove

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 polysilicon material within openings 44, removing portions of the polysilicon

material by CMP processing down to nitride runners 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 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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insulative film52 wll conprise silicon dioxide and serve or function as a
gate oxide or gate dielectric for subsequently fornmed transistors. An
exenpl ar ywoebdsodss form ng gate dielectrics 52 incl udeeCyrusesnsg3mwxks de on

t he exposed silicon surfaces of the upper surfaces 48, silicon support
structures 46 and sidewal |l s of posts 38. [0080] In one exenplary

enbodi nent, silicon support structures 46 wll serve or function as
portions of channels for subsequently formed transistors. Accordingly, the

| engt f. silicaon suppqrt structures 46, nmeasured fromthe bottom portion
of ol Bosholy el AL BB e dpshiale o am BRong SHierdeaver (per shesm) Bangt b of
as bsegaentl f or medt ransi st or channel 46. Moreover, since the transistor
charlRENECAPVELTIRGS IProaiey BA vkl exeroriary silifides cpappeingittaniam siididaaadi on
relative the orientation of substrate 12, and alternatively stated, since

t he qat@iissikeide. channel 46 extends perpendicularly to the horizontal or
primary upper surface of substrate 12 (upper surface portions 22 not shown

but [@082]i ng aBefdreingms Figsaas-dsebnaRsuIRDE Malsiand|5ubsbistdmbd)ovdrhe
transi stor channel 46 will define an exenplary vertical transistor design

I N e Qibstendadi gRM Srudddsis0 %gttéﬁa_al SHIPHAHY 3 rﬁﬁidetrhﬁﬁéﬁssféfr

designs will include vertical surrounding transistors o

ty] i i ik I Hodi ts. |t should
be. UnearPS KRR MR AroRRe Pk R Rl SRR Srot ety

f igal ch | 46) will d th | ecti tch
or o A YR Bpd TS Bl ENemiont afiiansof e ey SFe s el 1<
allm@g to renoye and etch down into silicon substrate 12 (i.e., the depth
of t < QBer pngyr &iching Bwegmygstt,oaqxepojsg)mtnde runners 18 leaving insulative

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 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. Exemplary upper surface pdrtions 58 of silicon
substrate 12 are configured generally as squares and bordered or surrounded by
insulative Iayers 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 regions 59 for subsequently formed devices, for example,
transistors. In still another exemplary embadiment, 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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[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
| i nes 54.wonoexespsary nmet hod of form ng conductive mat eciralS26osm3dee@ansi st or
gates 54 includes depositing polysilicon material w thin openings 44,

removi ng portions of the polysilicon material by CMP processing down to
nitride runners 18, and then recessing the polysilicon material within
openings 44 to below epitaxial silicon posts 38. For exanple, an upper

f f j ; 4 js £ . 1,000
ol evaPB8EE 7y R TR AR TP o s 0 VBB hicoe P og RSB 400 n one
exeml ary.err?odi ment, pol F\(lfsi rI@'bcon material of transistor gates 54 is
r ece SSEQHTH FHFOMG gty arbeduBeris &) £ F'ORSFIT0 BEISS\TURRSEREMO iR f ace of

substrate 12 (for exanple, theinterface between posts 38 and substrate 12).
An opfeeassingeiegra®f IFigeer!-48dor skampje, issibregwri toifee procassingistageganfes 54
W th exenplary suicides conprising titanium suicide and cobalt suicide.

[ 008FjgsReEet8.i Fig.t4® fEipgasents adBew anientesidnatfi seenioerdudied comstrual@r 166 i s
formed over silicon substrate 12, gate structures 54, epitaxial silicon

post sirdifaraodhaiview dechistinal Fi§. 44 asalsabsygudrayescdzsiry eité@e.OP?UBOQS 44.
Exenpl ary insul ative |ayer 56 1 ncludes spin-onglass |ayers and TECS | ayers.

QJtefém%%eﬁ@ré'\/i@eﬁ)ﬁoﬁéntiaﬂéh"o?%bﬁﬁcdmﬁo%ﬂsﬁul&%ﬂ)f(@@sf?ﬁma%tr%rvi her pl anar

etching nethods to expose nitride runners 18 |eaving Insulative [layer 56

St ORI 5 i 8PS BUEAL A BELUSD LB SE o BSOS 1

B BT B senp AL bordataucon Tob'dr ¥ 4H 0N Forad - HiR e
the orientation of the view for Fig. 49. Figs. 49-50 illustrate exemplary transistor 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 DRAMs. 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 portions defined by silicon support structures 46 are

cylindrical or annular portions of silicon substrate 12. Gate 54 extends generally
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12. 1t should be understood that portions of nitride runners 18 remain
extendi ng upward from and over silicon substrate 12. Exenplary upper
surface puotznenes®8 of silicon substrate 12 are confi guPet/useosnadeshy as
squares and bordered or surrounded by insulative |ayers 56 and the portions
of nitride runners 18 that remain over silicon substrate 12. A conductivity
i nplant (not shown) is perfornmed to provide a conductivity dopant into
upper surface portions 58 of substrate 12 to. formactive areas 59, for

exanpl e, diffusion.reqgion r,nodes. .In - | ary enbodi nent i ffusion
¢ oonBricall d inpruBbtal 12RaRaaY PaBrSle BaR: B n BRRREHERNY of or o
devi ces, for exangl e, transistors. In still another exenplary enbodi nent,

di f SIS0 UDSY RIS SePRATISUITREREERSEeRISHASEPERY: 5 NedidoNta) e HpPeRENt and
in operative cooperation with diffusion regions or nodes 4 1. Exenplary -
di f fagsiresidradgiegiens91 eon®9, fer exaenpe, hiepalerfage bepueer PapisiIB aegi ons, for
exanpl e, source regions.{0083] Referring to Figs. 49-50, such illustrates a

semspuinck/dtaim regioss 4Uct Gate 346 grreddimignsuasahieometinuresybstrd@dRimnt s at a
processi ng stage subsequent to the processing stages of Figs. 1-48, for

exagie digitRregretatb B4 BLePHACRISINY BlavesiorTtWsstrate- 8. Howdvetd
repr esents a view orientation of sem conductor construction 100 simlar to

the i 1erdee@a@éés%ootfhanate 48 s%trro%_nagtb?%\&%tes%%mr{wﬁ% . Fig. 50

represents a view orientation of sem conductor constructio simlar to

be RIBPERbEM AL Sih gt sy huse8 a8, AHSHonel SlioBRERET 5A% 8430 et on 00"
of Fj q 49 and r ot at ed 90 fromthe ori el\nt at lsgn gf the view for, F'_g. 49.
Fi gSeTing. 3 ye[toplist et BdiBgegRtrdPy arveaiicq! dtassisiay ieegxample, a vertica

surrounding-gate transistor. In an exemplary embodiment, if posts 38 are defined as
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] Exemplary 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 comprise 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 of 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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electrically coupled with exenplary charge storage devices or data storage
el enents, for exanple, capacitor devices. Such exenplary conbi nations of
transi st owe 2a0wh28Epaci tors are representative of nenorypPamdrSesosloswve
circuitry conprising menory cells such as DRAMs. An exenplary transistor
device is referenced generally as nuneral 69 and an exenpl ary charge
storage device or data storage elenent, for exanple, a capacitor device is
referenced generally as nuneral 80. [0084] An exenplary transistor 69

conprigse t 4 a i [s €30 -al i 4 1 and
so PrrEt iy Pk i A Bk BB oo FREP AT RSN MERare
represented generally as the regio f s rate 12 where current flow 7 1
5 I8 POEGRREP (RS TonGleR A | SheSnle Rl rab AR 1 o 52)
from source/drain region 59 to source/drain region 4 1. An exenplary

por 88ofia epstsi8 shsuhsenuentipiornded dsvicredRr sxapBle: Capatitara®ds 46 that ~ ext end
directly elevationally bel ow source/drain regions 4 1. Exenplary channel
por [0086] def i MedepmpEiaty capaciapocomstisexa bpdemidliplatecyl statrgecaeder

annul ar portions of silicon substrate 12. Gate 54 extends

genepaklasveehbcablegtridommnpasrtibnige rodb2; ahe alidp gelipiabl 34 pesmeapdicttat arly to
an upper surface of silicon substrate 12 (upper surface represented

?gnare%ét}‘icg%. { SodtRot égﬁg BloctRRl taase@to BaNEiISHI dDayepientiansiidod and 59,

r exanpl e, € interface between posts 38 and source/drain regions 41).

G Polf R ALASEEOLRIE MALA A PIISH been bstsetf ettty
e Erles SRR e AU 1D D S BT PG SOaBIRR L 7,
exerlzglwaarré/ f%arlrtl gndS ilevgtrliclally coupied with source/drain regions 59. Conductive pl'ugs 61

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. 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 6omprises intermediate structures

between capacitors 80 and transistors 69. 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. ltis to be

- ynderstood, however, that the invention is not limited to the specific features shown and
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define a vertical -surrounding-gate for a vertical transistor, for exanple,
a vertical surrounding- gate transistor. In an exenplary enbodi nent, if
posts 38 woeoaansTied as el ectrical contacts and not as PQUUSed03/030668
regions, an entirety of transistor 69 is . formed within the silicon
substrate or bulk wafer 12. Alternatively stated, transistor 69 is forned
at or bel ow an uppernost surface of wafer 12. [0085] Exenplary source/drain
regions 4 1 conprise drain regions. Exenplary source/drain regions 59
conprise source regions. In one exenplary enbodi nent, a single source/drain
r egi ofeS@ibed, sincertheineamrhemrin distipsetl comprisewpreteriasfrans PHPUlNGHBest or 69.
I n anot her exenpl ary enbodi nent, a pair of source/drain regions 59 forned
on oppQshiien Fitdesree!f. TRE mehtivhlis, thergioies elaimedi angdiitaformisersour ce region
for transistor 69. In one enbodi ment, activation of transistor 69

est abllnioﬁlﬂﬁ%iiﬁﬁg R Min fﬂf%‘froésﬁgééﬁé”'bﬁﬂw &SpdrRBIdoNain® préatdlytinteopighedi | i con

substrate el ow an a bottomend of gate 54 and back upward

t hrough_t he rti 4 rain region 4 1. During processing
subse@U@ﬁ?”g%mg?gﬁht&§92§?ﬁﬁéﬁéﬁﬂ@§ﬂ§n%0 directly over posts 38 are renoved
and portions of insulative |ayer 56 directly over hard masks 40 are renoved
to expose upper surfaces of posts 38. Conductive material 102 is forned
over and incontact with posts 38 to forman electrical contact. Exenplary
conductive material 102 is poiysilicon to formpolysilicon plugs or cel

pl ugs 102 for electrical coupling transistors 69 via posts 38 to
subsequently fornmed devices, for exanple, capacitors 80. [0086] An

exenpl ary capacitor 80 conprises a bottomcell plate or storage node 72, a
capacitor dielectric 73 over storage node 72, and a top cell plate 74 over
capaci tor
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dielectric 73. Capacitor 80 is electrically coupled to transistor 69 by
epi taxial silicon post 38 and polysilicon plug 102 with polysilicon plug
102 cont awoi2ng/stisel ectrically coupl ed to storage nodePCZ/USSHSABIHES Ve
plugs 6 1 (Fig. 50) are forned extendi ng upward fromand el ectrically
coupled with source/drain regions 59. Conductive plugs 6 1 al so contact
portions of digit line 104 to electrically couple digit line 104 to

transi stors 69 via source/drain regions 59. Exenplary digit |lines 104
conprise polysilicon and/or suicide |ayers. Exenplary conductive plugs 6 1
conprise doped polysilicon. Insulative spacers 70 (Fig. 50) are forned
bet%ﬁgghggnductive plugs 6 1 and insulative |ayer 56. Exenplary insulative
spacer conprise silicon nitride and/ or oxide such as silicon dioxide.

[ 0087] Sem conductor construction 100 conprises internediate structures
bet ween capaci L6t ©v8Htiamglaimadds:st ors 69. Nitride caps 106 are formed over
digit line portions 104. Insulative spacers 110 are formed between digit

| i nes 104 Haasistarrdeyce apsptiddigon one side and pol ysilicon plugs 102 on the
other side. A silicon dioxide |layer 108 is fornmed over nitride caps 106.

[ 0088] | & samjmondocwreubbirafeeaptiat ute, the invention has been described in
| anguage nore or |less specific as to structural and nethodical features. It
s to be aigateraimed extunumielithin e ddiichMEAb} Aibdiidd oot @yt the
specific features shown anddescri bed, since the neans 2P e noarscl osed

co ' r for f ' I ian. Lnto.effect.. . The

CONMpS s BUES B Stlef 2 rp%frd?soﬂl’&é/éi%%? oﬁf’oﬂ?wtsedfdchéygﬁ%ﬁjtgr% ??fc%‘?i ons

|nvept|on|s, therefo clarned in a . . |
Wt bR TR RERBEReSEOR REmba SRR e s A 2RRE QP Lat el y i nterpreted

2. . The device of claim 1 wherein the gate dielectric, the pair of source/drain

regions, and the channel region are formed within the semiconductor substrate.

3. The device of claim 1 wherein an entirety of gate dieléctric, an entirety of

the pair of source/drain regions and an entirety of the channel region are formed within

the semiconductor substrate.
4, The device of claim 1 wherein the gate surrounds the channel region.

5. The device of claim 1 wherein the channel regions is formed elevationally

below the pair of source/drain regions within the semiconductor substrate.
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in accordance with the doctrine of equivalents. CLAIMS 1. The invention
claimed is: A transistor device, conprising: a sem conductor substrate; and
a gate fowormdoenes®adi ng within the sem conductor substr ace/UusacogaBseses
dielectric fornmed over the gate, a pair of source/drain regions forned on
opposite sides of the gate, and a channel region formed within the

sem conduct or substrate. 2. The device of claim1l wherein the gate
dielectric, the pair of source/drain regions, and the channel region are

formed witdli n the §6WEs eneiihor whbRw et Gate SurroliRGs By Ei6dn 1 rédioh Bnd
wherein an entirety of gate dielectric, an entirety of the pair of

sour o gr=Te]! 1 ‘ l..Legion are fornmed

w i ORE BereAE R oRnts EReRihd Bh¥ P tng A AR S BT T, T nerei n the
gate surrounds the channel region. 5. The device of claim1l wherein the
channel regions is fornmed elevationally below the pair of source/drain
regions wijhinthe sem cponductor, substrate. 6. The device . of claim1l wherein
the gate urrojmd?wge 8}38%&{&1 W%r@%*%%ﬁfﬂﬁgp%ﬁlﬁo[ ﬂ‘éb%f 1% COI88Hds one of
the pair of the squrce/drain regions. 7. The device of claim1l wherein the

seni ¢BACRRYRI88IHGOR e conprises monocrystalline silicon. 8. The device of
claim1 further conprising the transistor incorporated into a DRAM devi ce.

8. The device of claim 1 further comprising the transistor incorporated into a
DRAM device.
9. 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 4F2 over the semiconductor substrate wherein F

represents a minimum feature size for photolithographically-defined features.

10. A transistor device, comprising:

a semiconductor substrate comprising an upper surface;,

a pair of source/drain regions formed within the semiconductor substrate;

a channel region formed within the _semiconductor substrate and extending
generally perpendicularly relative to the upper surface of the semiconductor substrate;
and

a gate formed between the pair of the source/drain regions.

11.  The device of claim 10 wherein the channel region extends directly below

one of the pair of source/drain regions.
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9. The device of claim1l1 further conprising a data storage el enent
electrically coupled to the transistor device to forma nenory cell, the
menory cewb 20@Psi7si ng an area of about 4F2 over the seRrCTAsAdsSH8K668
substrate wherein F represents a mninmumfeature size for

phot ol i t hogr aphi cal | y-defined features. 10. A transistor device,
conprising: a sem conductor substrate conprising an upper surface; a pair
of source/drain regions fornmed within the sem conductor substrate; a
channel re i on &or med wi tPi_n t he sem conductor substrate and extendi ng
general |y ger pLRgdevica o ¢lairg 1f wherain thenehaisek region fextandstditdodly below

sem conductor substrate; and a gate formed between the pair of the ‘
sour €8¢ @f iaPaiegl smuce/diain Tegiodevanskwbérain tegdte isfiemesdwithie taBannel regi on
extends directly bel ow one of the pair of source/drain regions.12. The

devi smiﬁondUaﬁomsab)stvaheraedrsmtmmdbahmehanfr@ir@gioﬁﬁr@@lﬁr&]rfc%%bbn%%fow one of
the pair of source/drain regions, and wherein the gate is fornmed within the

seni grphicosonedrgtdiatsgigng surrounds the channel region and surrounds the
one of the pair of source/drain regions. 13. The device of claim 10 wherein

t he sem conduct or substrate conprises nonocrystalline silicon. 14 . The
device of claim 10 further conprising the transistor device incorporated

Into a DRA! devheaevice of claim 10 wherein the semiconductor substrate comprises

monocrystalline silicon.

14.  The device of claim 10 further comprising the transistor device

incorporated into a DRAM device.

15. The device of claim 10 further comprising a data étorage element
electrically coupled to one of the pair of source/drain regions 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.

16. A semiconductor construction, comprising:

a conductive post extending upward from an upper surface of a semiconductor
substrate; |

a source/drain region formed below the conductive post within the semiconductor
substrate and electrically coupled with the conductive post;

a transistor channel extending below the source/drain; and

a gate formed within the semiconductor substrate adjacent the transistor channel.
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15. The device of claim 10 further conprising a data storage el enent
electrically coupled to one of the pair of source/drain regions to forma
menory cewbD,2oadmesTrenory cell conprising an area of aboutrcCERR2@8mB066$€e

sem conductor substrate wherein F represents a -mninmumfeature size for
phot ol i t hogr aphi cal i ydefi ned features. 16. A sem conductor construction,
conprising: a conductive post extending upward from an upper surface of a
sem conductor substrate; a source/drain region formed bel ow t he conductive
post mﬁtsgn tﬁglseni onduct or substrate and electrically coupled with the
conduct i V€ poste GPNSIHALPR PblagRdendierain: tig goRgusiive Restromplisesadr ai n:  and
a gate fornmed within the sem conductor substrate adjacent the transistor
chaRREAXiEY SilieRB RAShst ructi on of claim 16 wherein the conductive post
conprises an epitaxial silicon post. . 18 . The construction of claim 16
wherein the source/drain region conprises a drain region. 19. The
construction of claim16 further conprising a capacitor electrically

coupl ed Vil h {THe aomstiuctior ef glaish 162¢herdinehe Goatdaicidi® Fedlibn GompgRsks aher ei n
t he construction conprises a transistor, and further conprising

i ncarginragiong the transistor into a menory cell structure wherein the
conductive post electrically couples the transistor to a capacitor.

19.  The construction of claim 16 further comprising a capacitor electrically

coupled with the conductive post.

20.  The construction of claim 16 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.

21.  The construction of claim 16 wherein the semiconductor substrate is

oriented generally horizontally and the transistor channel extends generally vertically.

22.  The construction of claim 16 wherein the semiconductor substrate

comprises monocrystalline silicon.
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2 1. The construction of claim 16 wherein the sem conductor substrate is
oriented generally horizontally and the transi stor channel extends

gener al | ywoenta/esi’sy. 22. The construction of claim 16 RoeUs2vsBECS

sem conductor substrate conprises nonocrystalline silicon.23. The
construction of claim16 further conprising: another source/drain forned
adj acent the gate opposite the transistor channel; and a data storage

el enent electrically coupled to the conductive post to forma nenory cell,

the nemory cell conprising an, are f .about 4F2. over the sem conductor
Subst 1 B8 whdhe: SOTRY TSRO 16 i HRAr FRTRERUIES: 7o for

phot ol i t hogr aphi cal | y-defined features. 24. A nethod of formng a

seni con806ttRT sewse/diein darmeddstipsehigthedaiei nfsita tseriansistoct or
substrate; formng an opening into the sem conductor substrate; form ng an

oxtcldenfiel;raraver the sem conductor substrate w thin the opening; providing
conductive gate material over the oxide filmand filling the opening;

for m ngaad4xai $toed gdidiémenerisaeicang conplapsiHecsidrgivelpddieodata amat eri a!
wi thin the sem conductor substrate; and defining a channel region extending

ge r {4 i Lo ; 1 x .th@D. The met hod of
IeRRIAGHY AT Hgfﬂcéor?{rgﬂ soh ggmﬁss%ﬁ@awa%épabwbﬁf 8Y&r thé
semiconductor substrate wherein F represents a minimum feature size for

photolithographically-defined features.

24. A method of forming a semiconductor construction, comprising:

providing a semiconductor substrate;

forming an opening into the semiiconductor substrate;

forming an oxide film over the semiconductor substrate within the opening;

providing conductive gate material over the oxid‘e film and filling the opening;

forming a pair of diffusion regions on opposite sides of the gate material within
the semiconductor substrate; and

defining a channel region extending generally vertically within the semiconductor

substrate.

25.  The method of claim 24 further comprising:
forming a capacitor; and

electrically coupling the capacitor to one of the pair of diffusion regions.
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formng a capacitor; and electrically coupling the capacitor to one of the
pair of diffusion regions.26. The nethod of claim 24 further conprising:
form ng amoepidiesizal post extendi ng upward fromthe semPcoru$e@sMB06sRILSt rat e
over one of the pair of diffusion regions; form ng a capacitor over the
sem conductor substrate; and electrically coupling the capacitor to the

epi taxial post. 27. A vertical transistor structure, conprising: a silicon
substrate; a channel region defined within the silicon substrate and

ext endi ge Ll v.verticall.y .r i . silicon substrate; a first

sour ce/ %i nnm%%‘%h?‘gPfr@l&'rglz\é\fgﬁ}"gir\é%ﬁ?hgﬁ]@ve t he channel region; a gate
formed | aterally adjacent the channel region within the silicon substrate;:
and a sdCHRESs u?@gé"ﬂﬁld?‘?ﬁtreégﬂwg HPW@Hf g’ﬁ”hth?l FeEnigpneyrdogsibstgihosi te the

channel region. 28. The structure of claim27 wherein the silicon substrate
corfpeir 98¢ oishe eaysefaiffusien s¢gionsin. 29. The structure of claim27 wherein
the first source/drain region conprises a drain region. 30. The structure
of cl ai nofiinghecepacithoveatie semiconddstor isebstraienahdr egi on. 3 1. The
structure of claim27 wherein the gate surrounds the first source/drain

electrically coupling the capacitor to the epitaxial post.

27.  Avertical transistor structure, comprising:

a silicon substrate;

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

a first source/drain region formed elevationally above the channel region;

a gate formed laterally adjacent the channel region within the silicon substrate;
and

a second source/drain region formed on a side of the gate opposite the channel

region.

28.  The structure of claim 27 wherein the silicon substrate comprises

monocrystalline silicon.

29. The structure of claim 27 wherein the first source/drain region comprises a’

drain region.

30. The structure of claim 27 wherein the gate surrounds the channel region.
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region. 32. The structure of claim27 wherein the gate surrounds the
channel region and surrounds the first source/drain region. 33. The
struct ur evoh2o@l@sTs27 wherein the first source/drain regcomse@sisoched over
the silicon substrate. 34. The structure of claim27 wherein the first
source/drain region is formed within the silicon substrate. 35. The
structure of claim27 wherein the silicon substrate conprises an upper
surface, and wherein the first source/drain region conprises a portion

ext endin rom.and el evatj onal I h . co ises
anot her p%%{'i on %%?EH%?P%OW%‘H? é%d‘?%lr%gatb? §E§D$®%msfeﬁ%ﬁggﬂ%%gpgﬁﬁ?mace.
36. The structure of claim27 wherein the first source/drain region
conpeB8¥¥s an epitaxial post extending upward fromthe silicon substrate.
37. The structure of claim27 wherein the first source/drain region
conprises a diffusion region forned within the silicon substrate.38. The
structure of claim27 wherein a portion of the first source/drain region
conpri ses32 di Thaisiroctureegi daint 87 wheraintthe gatshaurseundsoihestisgnehregioand
wherei n anot her portion of the first source/drain region conprises an
epi taxd slirrposds Bt feBiddiged/dvan dedioom t he silicon substrate. 39. The
structure of claim27 further conprising an epitaxial post extendi ng upward
fromthe silicon substrate and electrically coupled to the first
source/drain

33.  The structure of claim 27 wherein the first source/drain region is formed

over the silicon substrate.

34,  The structure of claim 27 wherein the first source/drain region is formed

within the silicon substrate.

35. The structure of claim 27 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 elevationally above the upper surface.

36. The structure of claim 27 wherein the first source/drain region comprises

an epitaxial post extending upward from the silicon substrate.

37.  The structure of claim 27 wherein the first source/drain region comprises a

diffusion region formed within the silicon substrate.
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region, and wherein the epitaxial post conprises a electrical contact for
the vertical transistor. 40. The structure of claim27 further conprising
an epi t axwal2o@oes77ext endi ng upward fromthe silicon subgrcratseocansocds rect|y
over the first source/drain region, and wherein the epitaxial post
conprises a electrical contact for the vertical transistor.
38. The structure of claim 27 wherein a portion of the first source/drain region
comprises a diffusion region formed within the silicon substrate, and wherein another

portion of the first source/drain region comprises an epitaxial post extending upward

from the silicon substrate.

39. The structure of claim 27 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 a electrical contact for the vertical

transistor.

40.  The structure of claim 27 furthericomprising an epitaxial post extending
upward from the silicon substrate and directly over the first source/drain region, and

wherein the epitaxial post comprises a electrical contact for the vertical transistor.
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