WO 2005/ 064672 PCT/ US2004/ 042245 DESCRI PTION Integrated Circuit Menory
Cells and Methods of Form ng TECHNI CAL FIELD 5 The invention pertains to
integrated circuit menory cells and nenory cell fabrication nethods.
BACKGROUND OF THE | NVENTI ON M ni aturi zation constitutes a continuing
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aspect of theinvention a rcurt menory cells
i ncl ude a bmamlmduettyn@tw@tunes:tttabbetpmeamcreasmdbp@blemtlcayeell $ize desdedsas.t he

substrate, and  accordingly, a need exists in the art for cell designs and fabrication methods that
decrease cell size without unnecessarily complicating cell design and/or process flows.

20 SUMMARY OF THE INVENTION

In one aspect of the invention, an integrated circuit memory cell includes a
combined first capacitor electrode and first transistor source/drain, a second capacitor
electrode, a capacitor dielectric between the first and second electrodes, and a vertical
transistor above and including the first source/drain. As an example, the second

25  source/drain may be included in a digit line inner conductor connecting a digit line to a
transistor channel of the vertical transistor. The channel may include a semiconductive
upward extension of the combined first electrode and first source/drain. The memory
cell may be included in an array of a plurality of such memory cells wherein the second
electrode is a common electrode among the plurality. The memory cell may provide a

30 straight-line conductive path between the first electrode and a digit line, the path
extending through the vertical transistor.

In another aspect of the invention a plurality of integrated circuit memory cells
include a bulk semiconductor substrate, an isolation layer buried in the substrate, and
field isolation in the substrate, the field isolation surrounding a plurality of electrically

35 isolated silicon bases over the isolation layer and within the substrate. A plurality of
silicon columns extend upward from the plurality of silicon bases, individual columns
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field isolation in the substrate, the field isolation surroundi ng a

plurality of electrically 35 isolated silicon bases over the isol ati-on-|layer
and withi.n the substrate. A plurality of silicon colums extend upward from
the plurality of silicon bases, individual colums 1 including a conbined
first capacitor electrode and first transistor source/drain. Individual
menory cells include a second capacitor electrode in comon with the
plurality of nenory cells, a capacitor dielectric between the first and
second el erluding s, coanriiheal fira eapaciar el¢ctmds iapd frst tibusistorasndrderarhindimilyiduae i r st
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aspects of the I nvention 1ncl formn descri bed nenory

cel | and pineuseiepijaxil siiearrAltesnatively. tm@nmsmnﬁ mrbpf treiEulioRAW NGS 15

Preferred %m%hé%r%ugitrafté‘%uéH“é(seé‘Bblﬁ@.m@drﬁ:vgfﬁﬁClhhlbﬁgaltb%h 9.%%5 Beﬁ%f:%r ence to
the foll ow nﬁ__ glggroqr?anyl ng draw ngs. 1, 3, 11 are
0

partial sedt B\faragitosden, draatue SB?@&@%”"@?@Q@’@H“@H&“@ '@96‘* th@? mati on

of themenqwq@aq:{dfegtfuré:g,gaoﬁ&{;,@{g@@{ro@g a substrate according to one aspect
of the invention vi ew of the processed substrate shown

is a

by sectional Vi Q)‘\quﬁsp‘?‘% ofghe '"F?rﬁ'onﬁ“i'%dea{“%?ﬁsxﬁfw tf‘ﬂé"*%'@@%ﬁ?@lﬂ’w
substrate wBPYY Prafi§©f hiehky odllew in Fig. 6. Fig. 10 is a top view of the
processed substrate shown by sectional viewin Fig. 11. Figs. 13-15 are

partial sectional views at sequential process stages leading to 25
formati on ERIEROESORIPYIONDOF THIE miwwm@sformed on a substrate according to

oot PC! ek e ENERL Dy ek 4 Beeb om0 0
i nventi on. the following accompanying drawings.

Figs. 1, 3, 4, 6-9, 11, and 12 are partial sectional views at sequential process
stages leading to formation of the memory cell of Fig. 12 formed on a substrate
according to one aspect of the invention.

20 Fig. 2 is a top view of the processed substrate shown by sectional view in Fig. 3.

Fig. 5 is a top view of the processed substrate shown by sectional view in Fig. 6.

Fig. 10 is a top view of the processed substrate shown by sectional view in Fig.
11.

Figs. 13-15 ére partial sectional views at sequential process stages leading to

25  formation of the memory cell of Fig. 15 formed on a substrate according to another
aspect of the invention.

Fig. 16 is a partial sectional view of a memory cell formed on a substrate
according to a further aspect of the invention.

Fig. 17 is a top view of the processed substrate shown by sectional view in Fig.

30 11 having a structure alternative to that shown in the top view of Fig. 10.

Fig. 18 is a diagrammatic view of a computer illustrating an exemplary
application of the present invention.

Fig. 19 is a block diagram showing parti'cular features of the motherboard of the
Fig. 14 computer.

35 Fig. 20 is a high level block diagram of an electronic system according to an
exemplary aspect of the present invention.
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Fig. 17 is a top view of the processed substrate shown by sectional viewin
Fig. 30 11 having a structure alternative to that shown in the top view of--—
Fig. 10. Fig. 18 is a diagrammtic view of a conputer illustrating an
exenplary application of the present invention. Fig. 19 is a bl ock diagram
showi ng particular features of the notherboard of the Fig. 14 conmputer. 35
Fig. 20 is a high level block diagramof an el ectronic system according to
an exenplary aspect of the present invention. 2 Fig. 21 is a sinplified

bl ock di agr am ofFi@r21ex ersphalifigd bleokodiggrdmvif @e exemplati mgmotyaieaice asqeding of t he
present iny, i Al | PTI ON OF THE PREFERRED EMBODI MENTS 5

Accor di ng t@q%ﬁgagéggg?Fggg%ﬁﬁ§%ﬁegntion, an integrated circuit nenory cel

i ncludes a conbined first capacitor electrode and first .transistor

sour cel dr ai qggg? [ ] di el ectric between
the first ag%-r@éggn e %@B%ges, %ﬁgﬁﬁgﬁsggﬂﬂ épﬁg%rg?éstor above and

i ncl udi fy t he fiAcsordingutocmedspgat of By ivantian aejnigasated cir¢uit memarywe! 2005/ 064672
POTT US2004/ Bdiadétoa coffibihed ikt E4B0R) Slelfrodeithd fi&i4fiEisBr ARSIk sEhane!
above the first source/drain, a gate conductor around the channel, and a
second t r anedpgcitar elastipde/adrenpeitoa Bigleetric hetween ttrefirst andrpegondelestioges tandnsi st or
a channel | 9gkba fansiatr Svell islay ROMLCHI MFLINTEY Ty dFBkAIAB, tfle SOUT CC
and drain of the transistor is oriented in a substantially vertical 5
direction with respect to a bulk substrate over which the transistor is
formed instead of in a horizontal direction. For exanple, a bulk

sem conduct or wafer may define a horizontal plane and channel length "L"
may be oriented substantially vertically with respect to the wafer plane.
Channel length "L" may be oriented perpendicular with respect to the bulk
substrate, but may al so deviate froma perpendi cular direction by up to 45
within the 10 neani ng of "substantially" vertical. One advantage of

provi ding the vertical transistor above the conbined first capacitor

el ectrode and first transistor source/drain is that a feature size of the
channel can be less than or equal to a feature size of the first el ectrode.
In this manner, nenory
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cell size can be determ ned by the capacitor size. For exanple, the nenory
cell may 15 have a cell size of 1.5F x 1.5F (2.25F2), where F is the
capacitor size. It can be a further advantage of the described nenory cell
structure to include a straight-1line conductive path between the first

el ectrode amd2@sdésgiz | i ne, the path extendi ng through pchhasy@uiias
transistor. The straight-line conductive path si rrpl i fies the structure of
the nenory c I |nsu i.ci ent 20
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formng a ”E&E:Ebfat@e&lt nia'?“ahéécﬁe%téi‘{’&n§§erfeﬁH§§u|§Fd?Fe§tn§%JhrfP@V4gnWntﬁm?l%'rCe

| i nked throu arate contact to capacitor an i ng a common
drain | |T@<edm?4*n"6ﬁ1 hsihstantaly” yeiedlat e contact to a digit line. Reducing

nmenory cell size Gid &vah kj@'o’f/ﬁ%vnﬁﬁng% Vitica P etor absd ﬁ@rcor%Hﬁle En‘%pt acts.
Accordingly, in a conventiona , the contacts are prefera f ormed

sel f - al i gnedSapasitor elegtipds and fisst tappister squereydraip dhihata ffaé%ﬁﬁ'é@f’f @Béh?ﬂﬂ&' t hr ough

i nsul ative ngdnedel 18ds tﬂﬁﬁoﬁ&q@%@l@@tuﬁésﬁ&f%@ﬁrs@é&%dé OInttARR n¥4mER ey N or
one of the twp sources. Mite protecting the transjstor gat es such as

spacers or cgRisizejcan e lgigtqugr)ln@q Bﬁg'é'?‘cFaPﬁc"loﬁ%'ze SFafExemBpls; thespemory cellmay

PCT/ US20{8} OKedd4icell BizE ©F $ SFIXUL. 5#1@05%' WMer@CFlls fRIGpasitpRizehe sel ective
etching. Selective etchi Pu%ﬁcan ocess s nsitive to, mnor

errors. Filling theanR&HUEHRR %ﬂi’?”@%ﬂf tﬁgge%cﬁbgiWEE‘@@@?@)@W“F@&@H{C&HEa
deposi tion s§tfa@1t-t|ﬂfeadscmhem patl Fewédhethe st asétﬁ;de/énelarwduﬁmedme@atri lon step

AR A KT A T rae
reduce or ed;trumturmbfetheammoey(ceﬂeiompbnems atccinaygesalvd prabléms: sftivguffid@posi ti on
i nvol Ved2(i) . |n erfm 4td'@ntact area and/or connectivity problems between memory cell components,
such as between the capacitor and the transistor or between the digit line and a
source/drain. As will be appreciated from additional discussion herein regarding the
method of forming such a device, the described structure also simplifies process flows. -
The methods and structures of the various aspects of the invention described
25 herein may provide one or more integral contacts by combining structural features so
that conventional contacts between such structural features may be eliminated. The
methods and structures may also reduce or eliminate the amount of complex processing
typically associated with providing conventional self-aligned contacts.
A conventional method can involve forming a memory cell including two
30 transistors each having a source linked through a separate contact to a capacitor and
including a common drain linked through another separate contact to a digit line.
Reducing memory cell size often involves reducing contact area for such contacts.
Accordingly, in a conventional method, the contacts are preferably formed self-aligned,
for example, by selectively etching a contact opening through insulative material and
35 between transistor gates to the common drain or one of the two sources. Material
protecting the transistor gates, such as spacers or caps, is usually exposed in the
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conventional self-aligned contacts. The described feature of a conbi ned
first electrode and first source/drain especially sinplifies design

conpl exity and addresses interface and connectivity issues 10 since the
first electrode and first source/drain are conbined into a single structural
el ement. Aogonrdisnglsyz a conventional contact plug or anglcagaussminyct ure
between the first electrode and first source/drain nay be elimnated. As
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advant agt  t piacastbe i elselindecandifisst sounse/deain are cembinge interapingle stieiupl | sed by a

digit line i @l@ﬁnéntc%%ﬁfnﬁfy aQérR)éhﬁBH&gc&ﬁi& pIgg oPQr’ngédb%E 'sf?ﬂct&\fe b%ivfééﬂtthhf al
features. The conbined feature al so reduces mam)ré conpl exity and

addresses clnteleciodapndfirst spusse/daid raaveke alifinated &ampﬂey thecgoibingdt he

second SOUVC@IE&F@E%na@Quch/Hﬂilﬁ mh MRiudg e faxﬁa@élﬁ’dbﬁthbar’cﬁ?ﬁﬁﬂlﬂ's@ﬂcﬁnd@tor
conventional contact E‘?{d'%ﬁly anal ogous structure between the digit |ine

and second s#{hst@ledrs minierfach ?P&%"%Betw?ﬁ%thélf@tle'eCFrPﬁ’ﬁsa’P%fﬁétr conduct or
connec; 3151 dé(ﬂ]_lr_éhe/dlrhlﬂe Ab91®hae%bmmbe aopanRl e sy Bélgfjlﬁhuéwn%cc%ﬁdéﬁd‘@tt?]éteﬁ ond
source/ dral n e C e ansi e . conpli ned w e
structural ek%ﬁ;ﬂge[oggﬂpse Pﬁ%fﬁ'aa@ss {ifaeng %E‘Segq% FRIgaLIgop RELYIK ¢ st

sour ce/ dr ai nserﬁe@muduoneé tyoth bfbepﬁd?t@ﬂﬂéétrda!a)anbe teansistor s@ma@naﬁluct ive upward

extension of the ¢ st, e ectr ourc ra| n. The
conbi ned first ellggtfer% ge%ﬂ{]thplqogymglg IEl‘r ﬁ?rﬂ'cﬂ%‘{? L SUp r@ BEtlveI y doped
4 - "semiconductive substrate" is defined to mean any construction comprising

20 . semiconductive material, including, but not limited to, bulk semiconductive materials
such as a semiconductive wafer (either alone or in assemblies comprising other
materials thereon), and semiconductive material layers (either alone or in assemblies
comprising other materials). The term "substrate" refers to any supporting structure,
including, but not limited to, the semiconductive substrates described above.

25 As a still further advantage, the second source/drain above the channel may be
comprised by a digit line inner conductor, providing another combination of structural
features. The combined feature also reduces memory cell complexity and addresses
concerns about interface area and/or connectivity between the second source/drain and
digit line inner conductor. Accordingly, a conventional contact plug or analogous

30 structure between the digit line and second source/drain may be eliminated. The digit
line inner conductor connects a digit line to the channel and also functions as the
second source/drain.

The channel of the transistor may be combined with the structural element that
includes the first electrode and the first source/drain. Accordingly, the channel may be a

35 semiconductive upward extension of the combined first electrode and first source/drain.

The combined first electrode and first source/drain may be a conductively doped
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WO 2005/ 064672 PCT/ US2004/ 042245 sem conductive material to provide the
desired functionality. The upward extension providing the channel may be an
upwar d extension of a continuous sem conductive material that is undoped or
contains a | ower concentration of conductive dopant in conparison to the
conbi ned fiwatooeheetr ode and first source/drain. Conpar atirng20@pandis 5 types
and concentrations may be sel ected according to conventional know edge for
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menory cells, t he co ectro further under stood
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20  surround the channel. The gate conductor may be at approximately the same

ne

elevational position as the channel. Such configuration allows simple extension of the
gate conductor between other memory cells of similar construction to provide a word
line. Also, the dielectric and second electrode of the capacitor portion of the memory
cell may surround the first electrode at least laterally. When the memory cell is

25 comprised by an array of a plurality of memory cells, the second electrode may be a
common electrode among the plurality. When formed to laterally surround the first
electrode, the second electrode may be simply extended to other memory cells, creating
the common electrode.

Fig. 12, as further understood from the top views shown in Figs. 2, 5, 10, and 17,

30 is one example of the various aspects of the invention. Fig. 12 shows a pair of
electrode columns 28, an electrode layer 20, and a dielectric layer 24 between each
electrode column 28 and electrode layer 20. The structure of Fig. 12 thus provides a
first capacitor electrode, a second capacitor electrode, and a capacitor dielectric there
between. Fig. 12 also shows a channel region 30 above each electrode column 28

35 formed as a semiconductive upward extension of each electrode column 28. Channel
regions 30 thus form the channels of vertical transistors where electrode columns 28
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el ectrode colums 28, an el ectrode |ayer 20, and a dielectric |ayer 24

bet ween each electrode columm 28 and el ectrode | ayer 20. The structure of
Fig. 12 thus provides a first capacitor electrode, a second capacitor

el ectrode, and a capacitor dielectric there between, Fig. 12 also shows a
channel regvoroo30¢saizove each el ectrode col um 28 35 for pedn@RSeod042245
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conduct [ Ve AikhledibiioSinbSURER & LRLEARS2E RuliSIGR a8 Ber ATPECL 1 v digit

lines 38 extending thro respecti anne I ons ot her aspect of
t he i nvel®t i ofdvantageeusy, g@trplghtglg\e@pg@cayq Rath ﬁxmtsrbstvgeeo@llectrnde/coignnw&onbu ned

first capaci efrf?iﬁe?ﬂe%ﬁ@é &]g?lm'%@%BféxLe%W Eﬁ@@drﬁggéercg\%’&ﬁ%gl r84iBns &b, S€CONd

CapaCI tor ectro X1 mat rst e cap acitor
diel ectric bet mee‘wotheé appgct of the inventiondnchidgs an @&@gra@é@rcwt meraﬂryuogu bavircthannel

is directly RbaN@ndd¥st dabaditop BleERGIetnaififst Bakkidtor HRFERIEH, éjé&'!ohd Eéﬁ'é%ltérnner

conduct or and second transistor source/drain is directly above he channel .
By way of ex@i#fiIode Piaximaia s fijstalactrogmpnd acapraitor dieleeide batwgrpthe flf$tr?édport i on

over andig n gcefd élb@t?dde§oﬂttl%ﬁ§lswr Efanh&8s Hirkeay amdh@ﬁ@fsoﬁm&/&alﬁtahalaght -line
conductive path between the first electrode and the d q%am | i ne through the

first sourcefodteingd digihing irner conaycion ANGIRCGRE trarsisteayodFcs! JUisEd 3R9Ve o a
further aspegé c@énrfehesy Wd}eéﬁdxﬁmpleath@nhﬁn@ﬂry bl Ry fuﬂhaghawﬂa Glbit Gl ,somdmmor y
cells |ncludeab sem co r suybstrat e, a buried in
Che ~subst  obe! 2B ST FOUACL L S Toher RRNLioE Fck? ST a4 MAPICBNGEN GOl at | on
surrounds a gt bétviebly theffirst electrode and the digit line through the first source/drain, channel,
20 and second source/drain.
According to a further aspect of the invention, a plurality of integrated circuit
memory cells include a bulk semiconductor substrate, an isolation layer buried in the
substrate, and field isolation in the substrate. The field isolation surrounds a plurality of
electrically isolated silicon bases over the isolation layer and within the substrate. A
25  plurality of silicon columns extends upward from the plurality of silicon bases. Individual
columns provide a combined first capacitor electrode and a first transistor source/drain.
Individual memory cells further include a second capacitor electrode in common with the
plurality of memory cells, a capacitor dielectric between the first and second electrodes,
and a vertical transistor above and including the first source/drain.
30 By way of example, the substrate may include a bulk silicon wafer. The memory
cells may further include closed loop trenches through the substrate to the isolation
layer. The trenches may define the silicon bases and contain the field isolation. The
closed loop trench may be circular or formed in another shape, such as a square. Fig.
17 shows a top view of channel regions 30 having square cross-sections. Accordingly,
35 electrode column 28 beneath channel region 30 may also have a square cross-section
and trench isolation 18 may also be formed as a square, closed loop. Also, a fill
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electrically isolated silicon bases over the isolation |ayer and within the
substrate. A 25 plurality of silicon colums extends upward fromthe
plurality of silicon bases. Individual colums provide a conbined first
capacitor electrode and a first transistor source/drain. Individual nenory
cells furtheeoe0sobeatke a second capacitor el ectrode in cogEFRd20bir2ihe
plurality of nenory cells, a capaci tor dielectric between the first and

our cel dr ai rinategass o) s MEfAlyiPirst PRARGE By IRDHE A Menbiio €mmu s 11 con
waf er. The nesvongelecteddes Afternafively, ItferflmmatercbébeiWeetemelpharphty bbeledtegles hr ough
e SUDSLT alfial Rallde phal? bh byl BkrerdAGer e B TRXFRILAgAL he =111 con

bases and con ose
circul ar or for ndg.i12 algroshows 8@&!&@@] featuses ofsheavasiguamepeck of the ibverdibows a t op

view of ohangala.on) MRl AL i§9wrpo&i@§3$§r§§é‘sgﬁgm A EARhYs 3°

el ectrode co eneat_ _C anne regi on_ ave a squar
cross-secti of shwmcqnta;mwutmlmpmnim 168 Gpayings 1B alsecldsed e tes\caesstqmgle

cl osed | oop. 1@té|s¥;l|al(ﬁwl %@05 ﬁ%%nﬁ’ﬂé%ﬂ gﬂ&ér%ﬁtg%f?@a{ Wa'

betweenthepurar'l |rs el ectrodes may I nclu &g
second el ectipelated bA$QSe¢\4¢atSPlab¢f}/|aYQfH@ mﬂwﬁhwbﬁstra@ 18eE @demwnms@em i ty of

el ectrodes émndldwaW§o@qﬁ Giali o@ghdoﬂwg@glve mat erial over the conmon
second e ectrode. % so shows additional features of the various

aspects B the i rﬁ!@nﬁ i 259, sfws&@&tw%'am” fignstiorjog as therprimapefill materig shown
buried in a sdiRsdr @b&rokl cofﬁﬁﬁ@@b awéhae b@BmAdn sbéomwroeenwo%ﬂ ofEighi N

openlngs 16. Openings 16 are closed |Loop trenches th rou? substrate 10 to
i sol ati on | al&shows anpgltemative stpichire @ﬁflh@aﬁﬁ?llmw%} finstiglagirpdss that candet r | cal |y

i sol at ed baslﬁéorsarafednr&ek@ meﬂobﬂiéﬁé ofl-?fg and th.b I 51 af lél&%re@é ByerQ4 lp%\ﬁ‘d“efsr od
colums 28 extend upward from'the al i of silicon bases.

al so shows e E¥TMERESGORG Slecpds. u?{b'f’ﬁ%ﬂph@y%{é‘zt'?}@"ﬁ?‘i‘ AYa"lectrpge lﬁﬁeréﬂusai

bet ween 8 echhOsifl maeHaAMbBtweRnaBe PBlality 36 first S661THRBs s6RaNtbsairpfhilyme. A portion
of Fig. 15 shows an alternatlve structure for fill material between first

el ectrodes tAsfatvgMateiali ncorporated into the menory cells of Fig. 12. In
Fig. 15, an. el ectriggla, 5ayerg, 44, amdomsﬂnew paRiaCsuttoHal siews Aflsajuentidl p@eessAn

o ek oS TRRof Yo BHF SRS £ 4701 g, L Bms e y ar
i nsul ati ve neiptantedl into substrate 10 to form an isolation layer 12 buried in substrate 10.

20 Substrate 10 may be a bulk semiconductor substrate. Implanting oxygen ions into a
silicon substrate may be used to form isolation layer 12 as a silicon oxide layer, such as
silicon dioxide. Other semiconductive materials may be used for substrate 10 and other
insulative materials may be used for isolation layer 12. A depth of isolation layer 12
below an outermost surface of substrate 10 may be shallow, for example, from about

25 1,000 to about 4,000 Angstroms (A).

After forming isolation layer 12, field isolation may be formed over isolation layer
12 in substrate 10. Although a variety of techniques known to those of ordinary skill
may be used to form field isolation, one aspect of the present invention involves forming
closed loop openings 16 in substrate 10. Openings 16 may extend completely through

30 substrate 10 to isolation iayer 12, as shown in Fig. 3. Fig. 2 shows a top view of the
processed substrate shown by sectional view in Fig. 3. Openings 16 thus define a pair
of bases 52 over isolation layer 12. Depositing an insulative materia!l and removing
excess insulative material to form trench isolation 18 shown in Fig. 4 may fill openings
16. As will be appreciated from descriptions herein, trench isolation 18 and isolation

35 layer 12 allow each base 52 to be electrically isolated from other bases 52.

Fig. 4 also shows an electrode layer 20 deposited over substrate 10. Openings
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Figs. 1, 3, 4, 6-9, 11, and 12 show partial sectional views at sequenti al
process stages leading to formation of the pair of nenory cells in Fig. 12.
In Fig. 1, ions 14 are inplanted into substrate 10 to forman isol ation

| ayer 12 buried in substrate 10. 20 Substrate 10 may be a bul k sem conduct or
substrat e. wopdoansdsTey oxygen ions into a silicon subst petraspayodessused to
formisolation layer 12 as a silicon oxide |layer, such as silicon dioxide.

Qh t bstrate 1
Cnsul at ve. et ey i iR T eCufodhsP 20 K3 PgR B8 cartalminel”
i sol ati on | ayapaciidt aslsbd)\mwnd’rlgsnt&tarldrﬁoStls aduahmgeomtoﬁmhsbpsemir@sm completety

hal | f 09 t 4 s
,SAf ? er O:‘Nor mo:lg’?@ et%ltr?)éné @gé %oosﬁ? b%d‘%l soI%“?eggytﬁé: h%@ef @'rpgr@ %c\'r}grr( )
i sol ation | ayey ne\mthelnssm)fﬁrmadm apenings 2hwitldut axtending tgmplétetydbrlongmues known
toth f b t £ 1 ' ion, t
o7 L hooe L SpERINP 5! EecfTRe By 49 18 R AT i A . o P
substrate 10as @herhaigealy suitahle foxa mmg@ﬁ!pcféqd@mfamlanawimb@uamee 10 to

i sol ation | arvj,@,q th@no‘ﬁ@d GM’Hoée”of ohﬁnarfsklll:'Nthl&nﬁé%ge%trg)éjla\/%rgig rﬁ%' Jr:us

processed substrate sh by sectional view In
define a pai ffom@bOlBa‘l@@éO goupded Aj sol ation | ayer 12. Depositing an insul ative

material and remmmethgaﬁé%eé H&Hsﬁhéé(%ne%hﬁ:ﬂéﬁ}' zm.tmrd}bhhg& ¢o€&}eﬁt'0n

18 shown in Fig openi ngs rom
descri pt 1®nssifewallsgf omeme@h?& é’@ﬁﬁble@ﬁmm@lw fqrﬂﬂ'@&trlczalﬁyge4|w&e silzoml | ow

each base 52nﬁrfaebﬁurﬁinﬁﬁ\tdx'idéag&fﬁluhﬁ&&&t %tafltfn%?(l@é %B cg%ﬁ\%tlg’r% thérb@ 4 al so

shows an el ectrode | ayer eposi ted over 25 rate . Openings 7 WO

2005/ 064672 @mwﬁ)ﬂ)mmﬁzmmmmow taéwar? Arh'nétuléf@t iaas@re%lra@sebe 20 to

provi de a COf&rﬁéd’@Jerh@ﬁzoﬁtéF@uﬂ?a%bE‘@f fehtuiRd sAbwn ﬁﬁﬂ@cﬁ baf noi‘%v@rh/ém&al' n Figs. 5
and 6. It is advantageous to form openi ngs 22 | et el éhtﬁthrou el ectrode

|l ayer 20, expdtacegSyshassidswallyphppeaings 22, é‘é‘ﬁﬂ mequs@awn 83§ ¢f@rdingrsy

nevert he{gssgiye IﬁQMtBndayé? zemv fO8stioR as Wdtéwtc pyEang bé&ar&t@@éﬁbﬁ’ﬁéﬂ through 5
el ectrode | aye El ect rode

e conduct | vel
pol ysi | i con, }gég"%efqu%po o H’&'e%ﬁléﬁr&f‘s iﬁ'ql%lﬁ‘?r@p‘?s(btfonéf%cb’?ﬁ?%‘f“éqyéb?@ ode of
a nenory arrwluu@amafxm@ngracon\mhae,tahec&xmanétwdgmeaéofmﬁ@a t®h tdkdespsry Skill.
A thi ckness hectr ?ﬁ’eﬂ%&igé‘? O may be from about 100 to about 400 A The

met hod i ncl u l'ectric layer 24 within openings 22 and over
Next, at least a portion of dielectric layer 24 and insulator layer 26 formed at the

20 - ‘bottom of openings 22 over bases 52 is removed to expose at least portions:of bases
.52. As shown in Fig. 8, electrode columns 28 and channel regions 30 may be formed
on and in contact with bases 52. Electrode column 28 may be formed by a growth
method such as epitaxial silicon growth. Conductive dopants may be provided during
growth or may be provided after completing the growth process.

25 One advantage of using a growth process is that upon completion of a suitable
height for electrode column 28, the growth process may be continued to provide an
upward extension of electrode column 28, forming semiconductive material for channel
region 30. As an alternative, channel region 30 may be formed in a separate process,
such as deposition of a semiconductive material even though not expressly shown in

30 the Figures. If dopants are provided during growth of electrode column 28, then
providing such conductive dopants can be stopped during growth of channel region 30.
If dopants are provided after extending growth upward to provide channel region 30,
then dopants can be implanted in electrode column 28 to a depth below channel region
30. Semiconductive epitaxial silicon or bulk semiconductive material provide suitable

35 materials for channel 30. One advantage of electrode column 28 is that it may perform
a dual function of a combined capacitor electrode and transistor source/drain. Channel
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10 sidewal I s of openings 22. Possible conpositions for dielectric |ayer 24

i nclude silicon nitride, alum num oxide, hafnium oxide, tantalum oxide, and
conbi nati ons thereof forned to a thickness of fromabout 25 to about 75 A
An insulator layer 26 may be fornmed over horizontal surfaces of features
shown i n Fiwo 2005/0é#a12 not over vertical surfaces such a®cshudewaidrsssof

openi ngs 22, using methods known to those of ordinary 15 skill. 1nsul ator

| ayer 26 may_f.un a,di Iect t te |at f d
fonturos fr SROBR0 MENSEE: & aieest bl tsh AEF S50/ B8P compos 1 ons. f or

i nsul ator | ayer 26 advauthgelef e aspactef tﬂe,pressehu invEmtion tsrth@t&:ap@cﬁdr conbi nat i ons
t hereof for ' u

| east a por{glagn&gﬁsqndél@e?éPﬁ%ﬁbﬁérfé{ahggeog%%uﬁ%ﬁ g%e%ﬁ?ﬂ é? gorégmﬁ@%éat t he
20 bottom ofof@pemiolvgs hedt steper asdiawws t6those of ardiperydkillo Tea posamtaimnlarw

orti E h I
portions 0 \M%?ﬁérn? é%trarﬁ%t&\rggm(&ur@s dsgknoﬁn toetjhgﬁl&%g@ngr?ggmlﬁp gq 10 riff 12Nne

regi ons on an I N cont act e col um
28 may be f omhmcexpgsed tgthevheat staps headl to fast capaciior stauctures. sAs stoustures owt h.

Conductive d@@@ﬂ&% Q@aﬂf&%ng@g&qHsh@ s.t%%va&gqaet;m@xntrasl R A1 E#’ af ter

conpleting t r owt cess e advant age usin ocess is
t hat upon ccnapa@tor atmc@:freaugfﬁomtabpr@cesmggﬁtleas@sorm beatrsmpe cemomm bg®re t he

growt h procqa%ﬂexobﬁarﬁ%mréﬂu&&ew Béfee@dz%a@ préﬁfﬂﬁgé#seéﬁ SHRYREs Oh €l ectrode

colum 28, formng sem conductive nmateri al region 30. As an
al t er nati0 e, Marmy-qonuentioagfinireeseRsniis '@@W&!h*?r@cfm%c@a%%&ffaﬁtéfeﬁrb@@é%s such as

deposi tion QFan@nsﬁ:?B’t‘r@&uﬂ@é‘@&ébeieKTf%E%Bhf@ura%ﬁn t hough not expressly shown in
30 the Figures. If dopants are provid duri ng ?romh of electrode colum

28, then provi difitgtheiRvRstEs BRIPSapE "d’@ﬁa%tag ”&HH‘ Bdaver 89 pfarmasavey growt h of

channel reg'éh@nﬁ@reg:drfii@@%\ﬁd% AfHe MsDMtci 8Ad afcbﬁducwftl@yeﬂsm&farncwtdve.upw dto
provi de channel region 30, hen dopants can I npl anted in el ectrode

col um 28 tdn%ulqi%rd@wr@%Fwowﬁaﬁrsére ?OQSP‘BW Qﬁ’(ﬂ‘ve@@ﬁi"d'@)ﬁa?ﬂ?tm%éﬁé?)fof@)a al .

silicon g %Hté‘ln§ﬁaﬁoﬁ%061“5§é§&e'mfdér E@éesﬁrp@ﬁlbﬁeoﬁdé'nﬁé’é%rqa)?e'i 3Rifgeal s for
channel 30. One adva age of el gde col um 285“ t hat r’rﬁ/ perform a
tctf worpe BFri8sSo

dual functi dﬁmBYedato "f\@a €Cap YnclpRing 353 t?saﬂ'ﬁ“@t & drain.

Channel . 8 WA, X\3hfigeras dBoBRdv Msa@wa@é%d croaeu@dsr Igfer 38 \completelya t:hi ckness

g]; efsg(r)]tm ?28&%{1}%%% tIrcgm gﬁ%#ﬁl@ég\é&qqaapébl‘?eg%n %1 Ifi1 ever a%%ﬁ%p?grp esgrtne portno% %F

insulator layer 32 and/or conductor layer 34 may remain directly above channel region

20 30 so long as the remaining material does not disrupt proper functioning of memory cell
components, for example, by electrically shorting between components.

As shown in Fig. 12, an isolation layer 36 may be formed over the intermediate
structure of Fig. 11. A variety of insulative materials may be suitable for isolation layer
36. At this point, peripheral devices desired to form a functioning memory device may

25  be constructed in other areas of substrate 10 not shown in the partial sectional views
referenced herein. Conventional methods may be used to form such peripheral devices.
Thereafter, integrated circuit wiring may be formed to create appropriate conductive
connections between memory cells and between memory cells and the peripheral
devices.

30 As shown in Fig. 12, openings were formed through isolation layer 36 to expose
a portion of channel region 30. Metal-containing conductive material was deposited,
followed by subtractive metal patterning to form digit lines 38 above isolation layer 36
and inner conductors 40 extending from digit lines 38 to channel regions 30.
Alternatively, a damascene process may be used where a digit line pattern is formed

35 using additional openings in isolation layer 36 or subsequently formed insulative
material. Metal-containing conductive material is deposited followed by planarization to
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structures may be forned before transistor structures since formng
capacitor structures often involves heat steps, as known to those of
ordinary skill. The dopants inplanted 5 when form ng transistors structures,
as known to those of ordinary skill, can tend to drift when exposed to the
heat steps woeeasbesior m capaci tor structures. As struct pegfs268609%8 sl l er,
dopant concentration and position becone nore critical. By formng

t t t ' .at t heat st
cceur bef or ety riaeb o le rRelFadR B3t s ang Miss porLcBEpant | mpl ant i ng
of such structure!.‘ssepehdnng@pmamyteuelmselncﬁednaadi perfamansesritelid, itintay bEEsRal € t o
f t t t
Lonp) Sope) o IR B0 e LELORUBL Bn b LU RS DB R o o
is forned Ovleglons:IQHA&UltamﬂgbaIneﬂﬂjeﬂ’of mf@vardlelea:t@amenitrmmnayenhamnel a
conduct ors ! S8k r 8 ARETHo AR oA Bind o 2o tRafRE(iEkBF 0. 22

conduct or. et h orm a "such as a
gat e oxi de. f@(teblssnmmrcbndlmpréﬂ nmrn&cfoma dUdijtIMasraycodDbmed dlgmumzlmner defi ne

a gate condugfaf. geemﬁgarg&to@smegd 1" <86 ragmp ddl stegr?ay 0 and  11.

Such figures a so show 1 ns I"ayer con I"ayer compl etely
renoved fronmininiged, (cgll sthsiuse ah@(nrrmpcasé@mmay@e Smpléleérandalstedacecmea on, sone

portion of = dft!c8hfegliffisoieits gﬁg/egg iSRG RbmbBNHLs iy BB %Al RERID direct|y

above chann regl o remai ni ng es nhot
di srupt W oper f UrigtitériiSrege barﬂﬁ*éﬁ@tﬂoy'ab\@ws at@éﬁwﬁelmrgcessét’agés(mﬂngto by

el ect i cal | YoRfilohioRthel}drH9 BoIPANPALISN rPrig/P3, K2R ik B Ehowlan FR 1nif) at i on

Iayer 36 may be formed over ermedi ate structure %
vari ety of ibssimpiantagdo seareatergeptiaproyidedsqlation|laver 42 shaw e 3| Rearovalze. At

this point, GeubRRLE ﬁh'ate‘i'iﬁl\/tb‘?&ﬁm SRAING 28 chﬁ’déﬁ?ferﬂ é\unfa}i'tg‘b? LA RY5ARMEY devi ce
may 25 be constructe I n ot areas of substrate shown in the

partial sectVQRaprbsiratatd. 3%‘]‘%’@1&91‘@98‘“1%‘@4 évt?ﬁtraﬁdn%témht%fvam ORBRIAGYLS heWnbe used

to formmichnpgy. i1RkeER a}ovﬂe\él siffar strdd1Greeabaseks 521 SlbQRdR B Infhs2BUArdd Wi ri ng may
be fornmed to create appropriate_copductive connectlons betmeen menory cells

and bet ween §fieRDelyedens P H’”t"h@gp%r YRR Hhg aboye descertionsd foming&iAYS n Fi g.

12, openi ngsfeusfes Jf@rreaf&ﬁy &drusquaéb <bf5‘o@d|ﬁéry§lﬂll Wmmpreaﬁtémaﬂhewgema portion of
channel regi 0{% 3

0. I\/E - cont ai ni ng, con osi t ed,
o v b BBnhrciat sy BeEEh B P e eV e M oyl GIaBuctE apoye
i sol ation | ayeiphaal deifl‘iﬂslandlﬁrovmlmgdmtegrereﬁ c#&.utemhﬁg]ma;ngallbwom digit lines 38 to

channel ide gi ons %thably, electrode layer 20 shown in Fig. 12 that provides a common second
electrode among the plurality of memory cells may be used in the alternative aspect
shown in Fig. 15. Currently, Fig. 15 shows an alternative structure as an electrode layer
44 that still functions as a common second electrode among the plurality of memory
cells, but a fill material between first electrodes of the memory cells includes primarily
25 insulator layer 42.

The structural arrangement of dielectric layer 24, insulator layer 26 functioning
as a dielectric spacer, and insulator [ayer 32 functioning as a gate insulator are shown
identically in Figs. 15 and 12. Even so, such structural arrangement is primarily an
artifact of the method used to obtain the device of Fig. 12. Accordingly, a different

30 structural arrangement may be desirable in Fig. 15 even though not shown.

For example, dielectric layer 24 formed over sidewalls of electrode columns 50
may be extended up along the whole sidewall to function both as capacitor dielectric
and gate insulation. Accordingly, the portions of dielectric layer 24 and insulator layer
32 appearing in Fig. 15 directly above insulator layer 42 need not be present. Instead,

35 after forming dielectric layer 24 (including as a gate insulator), electrode layer 44 may be
formed as shown in Fig. 15 then insulator layer 42 provided to fill up to and including the
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Alternatively, a damascene process may be used where a digit line patternis
formed 35 using additional openings in isolation |ayer 36 or subsequently
formed insulative nmaterial. Metal-containing conductive material is
deposited foll owed by planarization to 9 WD 2005/ 064672 PCT/ US2004/ 042245
renove exceweo2015meeti ve material, leaving digit |ines aediisangisgenduct ors.
Dependi ng upon materi als sel ected and performance criteria, it may be
desirabl e ) e

conductors 4 eléﬁém\ﬂ%n r}ﬁ'HFaEderYaS'SPgé é%%%l é\¥& od%%fu (r%mrc '5{7‘\,\@ I%yer

exanpl e tit amaytheniberforied qwdemnh@m&wshs‘tsabtdnlayyr& t he cont act |nterface
bet ween i nner con b duct or
40 may perform a %Hﬁ{h@ %lﬂeg?ﬁgglsﬁegﬂyo%e%e@%ééﬂme MC% A#i LIWsCJ ﬁgtor and
second t r anseéxseptwithdeelatigndayer46 farmed belawirigstiede |8deﬂ 0. stczlethmdqyeb% mayni ni zed,
cel | strugt upeeoAigd oh i SBASRSF Rty i 1S HoffRin e ue%ﬁlodeaieg r'zbttﬁétfvga%e area
and/ or connect|V|t\F/ robl ens between nenory ce onent

addr essed. 18homings Figi 4- Contifued pracessing assshowaia Figsi %ﬂ@nétﬂgaqdemssad process
st ages | eadi RgteinQuill {,,gmquamecgﬂ:@%rrermry cell of Fig. 15. In Fig. 13, ions
14 such as shown i n Fig. may be inplanted to a greater depth to provide

i sol ati on | ayer 1@0C§FQHW1t°|Q’i‘eI3F©e°t ¢fthe RARSiPR| @ memosy eaitfabricatioramethedl to form

openi ng 48 cRBlugES foRfing aRbibilel Fidst espa@mir%maﬁo@&aﬁ@ﬁrgﬁ%ns&{o?%&H@éﬁar@te 10.
Renoval addi ti onal Substrate materi al f orm openi n shown 15 in

Fig. 14 tn 1FBiPe asesond sappgitor sleptirdey prd fPB“'B%éé'@p@ZtOr @Pgéff'ﬁ ogwegpthenms 28,

and channel firsefidaRsokDel8ftNBs. | Thdinbtho@inclad¥efrhing aaleaNal e Rldr Bbd)\ién of
form ng various feattfﬁes of mepory cells, those of ordinary skill wll

appreci at e t At INEIHANg:fhg first pourcridai weof expmpleyfoaming thessecasd alesteodeor m t he

devi ce of Figan lﬁaudec‘wp%tsmugblsé@:nd%ctrsdr@wér dﬂ%\\/édb@ﬁatar\@rriém% seinB gf thet egr at ed
mrcwtvmnn&rr@é ‘?fJOW 20d %/ el ec Lf" own in Fig. 12
that provi deS€8Ne BleREeReJR¥RSAD BmB'EQ Bﬁ%%ﬁ%‘ﬁg@ﬂ? %YUV%thtt be 83cRtnory cell s
may be us®d élacttdde Idet, &ixpeosing/the asipstate. Fohaing theﬂdlabﬁnc &;51 mEMHé 6€ﬁdsl(ng Big. 15
shows an alt e struch‘&re as_an e stil

functi ons asggleﬁ ﬁr within, fEﬁt(?B?'?'%%n(’:%ﬁaS'[dﬁga%i){fp% fikst 9"%?"%@%"&99 cell's,
but a fill mnedmee ofethe bietesienayer, rantl ferningta sedesd afeniriyecompiaely treehghthé ncl udes

F;;g?r |2I4y i ﬁ lﬁliegﬁg,,a% a;%ﬁlgo rtpéﬁ%tp-tl%% ﬁ'éé ch:gr%HIned firdt lea%edgearr]\td ﬂPstt dielectric

source/drain may be formed within the first and second openings and over the dielectric.

20 As an alternative example, forming the combined first electrode and first
source/drain-may inciude removing a portion of a silicon substrate, the removing
providing a silicon column. Forming the dielectric may inciude depositing a dielectric
layer over a sidewall of the column. Forming the second electrode may include
depositing a second electrode layer over the dielectric.

25 Forming the vertical transistor can include leaving an uppermost portion of the
combined first electrode and first source/drain as semiconductive, the semiconductive
uppermost portion defining a transistor channel of the vertical transistor. Also, forming
the vertical transistor can inciude forming a transistor channel above the first
source/drain, forming a gate conductor layer around the channel and above the second

30 capacitor electrode, and planarizing the gate conductor layer. Excess portions of the
gate conductor layer may be removed, with a remaining portion of the gate conductor
layer forming a gate conductor laterally surrounding the channel.

In another aspect of the invention, a memory cell fabrication method includes
forming a second capacitor electrode layer on a substrate, forming an opening

35 completely through the second electrode layer, exposing the substrate, and forming a
capacitor dielectric layer over sidewalls of the opening with the substrate exposed
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as a dielectric spacer, and insulator layer 32 functioning as a gate

I nsul ator are showmn identically in Figs. 15 and 12. Even so, such
structural arrangenment is primarily an artifact of the nethod used to
obtain the device of Fig. 12. Accordingly, a different 30 structural
arrangenment may be desirable in Fig. 15 even though not shown. For exanple,
dielectric layer 24 forned over sidewalls of electrode colums 50 nay be

extended up along the whole sidewall to function both as capacitor
di el ectri c thepngh fisrdicledidelayen dncombinast fiistregpgcitor Blectpsietandricst transister ectri c

| ayer 24 angyidaadthinhly Heaébﬁémal@?gré\}?rpﬁ%'tﬁ@e)ld&sgd Qubsgrgted'Trh@?rﬁét}Yodabove

i nsul ator | ayer 42 neéd not be present. Instead ormng dielectric
| ayer 24 (|'ﬁ‘é'|“iﬁ§|fﬂ@“%ﬂsa§a@%%t@r ¢hasnelsireetly abeyetherfisd sowraslidraimandfaymipaa f or med
as shown i rbdﬁi%edj%tlfh@ﬁwdéﬂ%ﬂo@kfbrr ah@¥&ond ZraR&igy} Qﬁ@'cé/d}aﬁqld.rbctwrbbboe and

I ncl udi t he 2005/ 064672 PCT/ US2004/ 042245 hei ght shown for
i nsul at |85 &Pa¥e! bet ween el ectrode col uims 50. Conductor |ayer 34 may
then be fornmed QR adiither AsseRNbatbs invehtbn Qm&wffémarngﬂa?plupa"t 8f fBRfory

alternative is.s 16 wherein the device of Fig S present

except wi t he§! §5]°E‘FF%W”I"H9'@&'W'\"JP’NEE9 poisa\RtiN layqrhued I“a@/@f'k 20. lIsolation

| i’iyer 43 Wfisém@orfdectb%dlﬁﬁat@%nalﬂ&&ﬁﬁgiﬁéﬂi 1§&a!|dﬁTﬁ(ﬂte9¢®bNatBr TR fiél@ idorttioh NY
el ectrode

h Cont d, h

T oo, B Shndsa bt Bl eay bbbt R WO B 5 16
Acclor gimgf tmtmtﬁl&\eaﬁlbﬁfﬁte ofhd r:cnethbdmtde@mrmmgrmﬁml Lrty@etlhcogﬁ}bruhﬁ@t i on met hod
i ncl udes forni c irs citor electrode an i rst transistor
source/dral?f( &aﬁh ghes%lgr htéf ggﬁ 335PS. i) Vd?%gaféuma%tﬁm‘f@%ang a
capaci tor dcmhlmécrﬁrst daﬁhweeelebtmjefandsffrstaadsustecsum@beﬁdremt Aasdesnd cepacitaet hod
sour oer dr ai HECBgreug) Yt deBBaia BUREbilbnE Vit 20N HRE SR PR SRR et ue
deposi ti ng andzeesndd eleetwdajfdend!dame:pnmvnavmutmpluewle of memory cgfisséne of the
second & Cobalfor o AAFhd AL Bereld (R loohRRN AR EPIBLENEIaNa iy oudh t he

second osin el ectric
can incl udepldabtymffurst]geetrodes elreimduabvelrwellrar\matdw pan h@fdnneeabqypeandng and over

a si dewal | PIEIUEES|er'i\fo§Jta|ﬂg%hf&s/dfﬁﬁ%)%itﬁ@pl}%r%ﬁtﬂ?fmg foRPedfb el ect i ¢ layer, and

form ng a second”openin roug : ctric layer, exposing
the substrate. Tlﬁxewemfcﬁnawlef, fm@tngéh@e@lmmnl%manmcmde§pltaxmﬂmgt9evirwtaen may be

formed wi t hidluhRerbrh eRboRALiE&E 0 s ARENLRTSy ARYcRMESIatidRGnd ] &icbhd C-
20 electrode. Alternatively, forming the columns can include removing a portion of the
substrate, the removing providing the silicon columns, and afterwards forming the field
isolation. The method may further include selecting a thickness of the second electrode
such that primarily the second electrode fills a gap between the plurality of first
electrodes. Alternatively, the method can further include depositing an insulative
25  material over the second electrode and between the plurality of first electrodes.
Thickness of the second electrode and insulative material may be selected such that
primarily the insulative material fills a gap between the plurality of first electrodes.
Other aspects of the invention include memory devices containing the described
memory cells and computer systems containing such memory devices along with a
30  microprocessor. Fig. 18 illustrates generally, by way of example, but not by way of
limitation, an embodiment of a computer system 400 according to an aspect of the
present invention. Computer system 400 includes a monitor 401 or other
communication output device, a keyboard 402 or other communication input device, and
a motherboard 404. Motherboard 404 can carry a microprocessor 406 or other data
35  processing unit, and at least one memory device 408. Memory device 408 can

comprise various aspects of the invention described above. Memory device 408 can
12
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20 As an alternative exanple, formng the conbined first electrode and first
source/drain may include renoving a portion of a silicon substrate, the
renoving providing a silicon colum. Formng the dielectric may include
depositing a dielectric |ayer over a sidewall of the colum. Form ng the
second el ecwoaasnemy2 | ncl ude depositing a second el ect ipegRsh@NBI2ver the
dielectric. 25 Form ng the vert ical transistor can include |eaving an

upper nost portion of irst el ectrog an E‘L‘if"lrtSt ource/drain as

seni conduct .?Pénp“ﬁﬁénegﬁér 8de8'?]8‘[¥.°\7 S aUﬂB‘éﬁ’IﬂS@I’ A8 Pt e8NS ansi st or
channel of tdieutreifdriacedssingamdividuad memahsasls frothmangy Furthey,¢hé imemont definsi st or

can incl ude r Lhaource rain,
formng a ga% Jy c@ﬁ%ﬁ%f’%&g@gyere%grc%lﬁtggre#ﬁ é%ﬁtéﬁﬁ% J‘%irm rIéc‘?"I%Ie @cond 30
capaci t or el adtressihg and nehdudirnitry ican he utilized gmt:muewng urtfd)rmatublajaeuweerlfmemsy
portions g©of I : d M emal ni ng
portion o té}%?ceé‘t% gtaﬁg aél}g%go%trr%?'aéé‘?ﬂ? gfrﬁ %%rér%d 'z&gﬁﬁ%{lg&c%%é&’toq eI ateral ly
sur roundi ng mhﬂﬂe[bbandm shbwn imigg htsk Iaspahdtloakfdiagnam the eddriessing circnitnyts y cel |

fabrication lm;stnjg%g dsrlﬁb%ﬂﬁ?ne ;egg%g@ngﬁ fﬂﬁ{t%&%&n ‘ﬂ?ﬁ' tor electrode |ayer on a

substrate, formng an op t he second el ectrode
| ayer, exposing tIheaSnulldlltasweets ofithhet lm\@nmmmemorscdqyam@@rcadicetrennondtDé ayer

d I h
i el ect 1o 1 SmBy MARIERR cRElle, shd IR olHBE SIIE hdbgH e P o,
sour ce/ dtGi nmaepryeodsisist (RRVIMS) ryasgb@vaedflm theimplemeriatisrthat ulilizes thedeactings net hod
I ncl udes fOIE'F‘tHeG érIt ﬁnorTh%deJléeeﬁn |ﬁ&9ﬁfcﬁ'at§9%t3 'aIn?Bf SPeRe/ drain

and form ng I ne ner con C or second transi'stor
cour ce/ dr ai nofdiesgny WS}'C@BW@GSWGI@" erethnde of repding fromrandayriting tememery ache

invention, TR 8&kkbeObn 3tKH ﬁaﬁhbaatﬁe Bége’fﬁbaéape@;uone é’mo&@&éé?atlo%gpéjes Ion

i npl anting and formng an isolation [ayer buried in a sem conduct or
substrat e an@RAYraie defined &y the @eihad obaccespingrero i s remery celharaysend i sol ati on

surroundgs a ghisraly 'aEé’esQIfng %If@?én‘% t&ahhy of tﬁé’bﬁ‘é)ﬁ@)aﬁd dtbre@nt PRIER afY BbluhAC

isolation layer and 10 wthin the substrate.” The method includes formng a
plurality of 'ngqrereicwa@cwman%swteww%th@bmlwanI%W%a@é plurality of silicon

bases, indivi dU&'ArCQIe‘MEI@tyb@%I‘HéUIMS fhe ék@ﬁhéd‘@ﬁa%hlrpﬁi Emmﬁérﬁ&pmlcﬁct rode
and fi rst transistor sourceldrain. A second acitor | ectrode may be

deposi ted, eXC¥ssalFsteredata BF”P%”E%’&S’HEF%F%Q% Vsijable §§/8I‘ tPLRfis) g,

addressed column has been closed. This memory can increase some communication
20 speeds by allowing shorter access signals without reducing the time in which memory
output data is available on a memory bus. Other alternative types of devices include
SDRAM, DDR SDRAM, SLDRAM, VRAM and Direct RDRAM, as well as others such as
SRAM or Flash memories.
Fig. 20 illustrates a simplified block diagram of a high-level organization of
25  various embodiments of an exemplary electronic system 700 of the present invention.
System 700 can correspond to, for example, a computer system, a process control
system, or any other system that employs a procéssor and associated memory.
Electronic system 700 has functional elements, including a processor or arithmetic/logic
unit (ALU) 702, a control unit 704, a memory device unit 706 and an input/output (1/O)
30 device 708. Generally, electronic system 700 will have a native set of instructions that
specify operations to be performed on data by the processor 702 and other interactions
between the processor 702, the memory device unit 706 and the I/O devices 708. The
control unit 704 coordinates all operations of the processor 702, the memory device 706
and the 1/0O devices 708 by continuously cycling through a set of operations that cause
35 instructions to be fetched from the memory device 706 and executed. In various

embodiments, the memory device 706 includes, but is not limited to, random access
13



and a second el ectrode fornmed in common with the plurality of nenory cells.
A 15 capacitor dielectric nmay be fornmed between the comobn second el ectrode
and the plurality of first electrodes. Individual vertical transistors can
be formed above and including individual first sources/drains of the
plurality ovopwswésxel | s. By way of exanple, form ng tlreTaskesng24my

I ncl ude epitaxially grow ng the colums from exposed silicon bases after

f th
Form ng t he "Cafior (AM) B8, B4Gohh e %Mig?"? S BT eneal oRg
renmovi ng pr @iadiongy disledye ar@cmcwaqhﬁgk BritPMfdrive.wanel of ¢rd|nmyragllltlmt§16faﬁel d

i sol ation. Theumkhah, , BB h fedbihh 8hd EHAbEAENdRE B dﬁ.é&fibseret mggkﬁlﬁfﬁ hof the

second el ect rode such primarily the secon Ctfro I's a &gp
bet ween t he ipistintaf elegtrigal opmpglflentyar@(ﬂap@bj%gf beipg faprigated telincludetRRAM©cElSd can

further '5”C||NQ€co¢cf‘a‘ﬁ9§MtI'10§hc%Qab aftthé/ edent RkRfidnd! over the second
el ectrode and between the plurality irst electrodes. Thickness of the

second el ect r ode Fifhd1 .%arn@tlfwiéﬂ%td@grw ofv& pighdeveberganization of variovat
primarily thgndoamened 614 e&%sraryaéleéwolnic%yaeglaa@ob%%weﬁq %Oﬂ'lcﬂ{d@é bty of first

el ectrodes. O her aspects of the invention include nenor evi ces contai ni ng

the descri baeemoRsApYise 804 that %?(f"(%rr?#t?f @P”@Wﬁe@ﬁﬁoﬁcﬁqﬂ@ﬁﬁ Fiﬂ?j’d%@@ﬁ For y

devi ces al 0%cé‘!sthc@tr@QOS“cﬁlﬁﬁinéQ&%Sdi}&wtrFB11) rdefinkrlith @éﬁtf@&@&mﬂ%ﬁ@rﬁl ly, by
way of Zeiéarrpl e, but an enbodi nment a conputer

syst em 480 aFGEQS‘?'H]grfﬁ’gf%wﬁ% a&Qﬁ'@b’V“ﬂP”ttcﬁ@"t%&@Seme merNdeyre B%Wﬁl]?rer system

400 i ncl udeSnc?ucraeribbWQ:rcméQﬂrygene canlae,@ns@@mrsuaaés QJ?reﬂtlééHébrsq&Vde@@mlrﬂngteygoarg
er poar

O o e ot LoD TP ﬁ@gﬁg“fuamagaggé%gﬁrsgaéaﬁgéw%n-and g
| east one meRAYtAS state THeGiusiviteD pyweresiicGity 8 08ine@bes wmrsuﬁ ¥ifdlitQus aspect s
o 1he venkyOn eSSk Red S0Re, JEURLY, il cF A08sn 120 200 00d72
coupl ed 16i t hward it plsesC tirauitiyt88y férarovidingthe issgonidrvebrd litkiaith pEisey; yncel |'s in
T T Y T e R e
can be uti | ipestsé@r822oomnegmory comtfatiemfat memolyeicoessingnenory 5 devi ce 408 and
204 shown in i o gy Lelled el e Bl s SARORING bl B VTS
over wiring or metallization lines. The memory device 802 is used to store data Wthh is
20 - accessed via /O lines. It will be appreciated by those skilled in the art that additional
circuitry and control signals can be provided, and that the memory device 802 has been
simplified to help focus on the invention. At least one of the processor 822 or memory
device 802 can include a capacitor construction in a memory device of the type
described previously herein. ,
25 The various illustrated systems of this disclosure are intended to provide a
general understanding of various applications for the circuitry and structures of the
present invention, and are not intended to serve as a complete description of all the
elements and features of an electronic system using memory cells in accordance with
aspects of the present invention. One of the ordinary skill in the art will understand that
30 the various electronic systems can be fabricated in single-package processing units, or
even on a single semiconductor chip, in order to reduce the communication time
between the processor and the memory device(s).
Applications for memory cells can include electronic systems for use in memory
modules, device drivers, power modules, communication modems, processor modules,
35 and application-specific modules, and may include muitilayer, multichip modules. Such
circuitry can further be a subcomponent of a variety of electronic systems, such as a
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illustrated as 410 and the read circuitry is illustrated as 412. In
particul ar aspects of the invention, nenory device 408 can correspond to a
menory nodul e. For exanple, single in-line menory nodul es (SI Mvs) and dual
in-line 10 nmenory nodules (DI MVs) may be used in the inplenmentation that

utilizes tkobgodkngs of the present invention. The neppiyseByiLescan be
incorporated into any of a variety of desi gns whi ch provide different

net hods of readi ng, from and it cells t he devjc One such
Tothod i o t Ithug BIetHRD. Bk idnts Dol RomRtieh 8P A1oLiS P ek o
defined by tdmatrmsyktenh af aparafgsmdmthess.r ow of a nenory cell arrays and 15

random y accessi e t.he array. ta stored at the row
and col um inte?@’g ﬁénciggr? %k%gp %'bg(fj lgrl‘ﬁ"ﬁg? "Yv%? Eele?%%ﬁecg%ﬁﬁﬁ%

accessed. Arstattus apd methopbaldéatdfesl ttds iosbetdmeleﬁsmodnhtmhvdamatmﬁlmmtmrEBO)
menory ay: avai l abl e
as out pm‘})‘ af oéﬁln{t%é\{% tﬁl@%ﬁe@@%g ?Eh&” cLe%rﬁbred Mrs‘%ﬁ%?%%é ﬁr%'lr%g‘ry can

i ncrease somisclsataoinpads wefefréd ﬁqnmedéplmyngethé awenigpnsmio effect. dbe dwent®ngnal s

wi t hout redugi ' il e on a
rerory bus. EF AR Hhedh] oK Bl BRiicaR U BBt e Bl Or
SLDRAM VRAMPRAOdED alains ammtelwtweteltedas others such as SRAM or Fl ash
menories. Fig. 20 illustrates a sinplified block diagram of a high-1evel
organi zati on of 25 various enbodi nents of an exenplary el ectronic system 700
of the present invention. System 700 can correspond to, for exanple, a
conputer system a process control system or any other systemthat enploys
a processor and associ ated nenory. Electronic system 700 has functi onal

el ements, including a processor or arithnmetic/logic wunit (ALU) 702, a
control unit 704, a menory device unit 706 and an input/output (1/0 30
device 708. Cenerally, electronic system 700 will have a native set of
instructions that specify operations to be perfornmed on data by the
processor 702 and other interactions between the processor 702, the nenory
device unit 706 and the I/0O devices 708. The <control unit 704 coordi nates
all operations of the processor 702, the nenory device 706 and the I/O
devi ces 708 by continuously cycling through a set of operations that cause
35 instructions to be fetched fromthe nenory device 706 and executed. In
vari ous enbodi nents, the nenory device 706 includes, but is not Iimted to,
random access 13
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WO 2005/ 064672 PCT/ US2004/ 042245 nmenory (RAM devices, read-only nenory
(ROM devices, and peripheral devices such as a floppy disk drive and a
conpact disk CD-ROM drive. One of ordinary skill in the art wll

under st and, upon readi ng and conprehendi ng this disclosure, that any of the
illustrated el ectrical conponents are capable of being fabricated to include
DRAM ceIIsCEAthaccordance Wi th various aspects of the present invention.
Fig. 21 is a sinplified block diagram of a high-Ievel organization of
various drggigh:nents of an exenplary el ectronic system 800. The system 800
includes a nenory device 802 that has an array of nenory cells 804, address
decoder 806, row access circuitry 808, columm access circuitry 810,

read/ write cont i { Ly .81, r : .ling operations, and

i nput/ out S]Ut ciArlrgLnlt%"%?%ﬁ'rcyullﬁéeﬁnegr{grcﬁprg&&l%g%r 2 further includes power
circuitry 816, and sensors 820, such as current sensors for determ ning

whet her aévgirﬁgre\/m@eérlauf&miﬁg%éd?ﬁbihea¢ﬁ§1<8aféaef?&déaeéﬂr8&e ahalifstor 1N a

hi gh-t hreshol d non- conducting state. The 1llustrated power circuitry 816

i ncl udes pansisteuppUrgelsirainuand ackisg® materakteonyatesal intarfapedvetdiery a
reference yol.t circuitry 884 for providing the first 15 word line with
pul ses, ci%&j'ir%%jé@%{ef%?é Be/sé@pmcr%drlaﬁb second word line with pul ses, and
circuitry 888 for providing the bit line with pul ses. The system 800 al so

i ncl udes Ssifci nory controller for nenory accessing. The
menory de??gg&ﬁgg reé§§6§?°@§ﬁgfo| signals 824 fromthe processor 822 over
wiring or netallization lines. The nenory device 802 is used to store data
which is 2Bapadcids ardeotiia betwdén BRSfirst AntMsbbomeeRRRbBES At ed by those skill ed
in the art that additional circuitry and control signals can be provided,
and that the nenory device 802 has been sinplified to help focus on the

i nvent i on.a ¥erticektsansister abovdangrindediag thd figst soursefarayn, thewediza802 can
include a capacitor constructjon .in a menory devjce of the type described
previ ous| %Ph?'SQS”QH@'”Ga?r‘feﬁ%'sﬁolfICUéﬂ?%lt%\?VWb?g'ﬁ%t Wf?q{ﬂé”&lﬁﬁél%sure are
intended toRBUHEE R ardlfRENR! cHAMEl Signdi ng of various applications for the
circuitry and structures of the preésent invention, and are not intended to
serve as a conplete description of all the elenents and features of an

el ectroni carfytiséesihglel Matemanforshieg blcombin&s dfitdmecanst Edndwrddesicé of the
present invention. One of the ordinary skill in the art will understand that
30 the varsesgsddransistenseursosiraingiesty Bbovebie ehamielianddasljng-apackage

processi ngmg{%intaﬁto-ﬂ{aterial interface between the digit line inner conductor and
second source/drain, the digit line inner conductor connecting a digit line to
the channel and cell size being 1.5Fx1.5F, where F is feature size of the
capacitor dielectric and the first capacitor electrode considered in

combination.

2. The memory cell of claim 1 wherein the gate conductor laterally

surrounds the channel.

3.  The memory cell of claim 1 wherein feature size of the channel is less

than or equal to feature size of the first electrode.
4. The memory cell of claim 1 wherein the channel comprises a

semiconductive upward extension of the single material forming the combined

first electrode and first source/drain, the transistor is formed over a bulk

16
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even on a single sem conductor chip, in order to reduce the conmuni cation
time between the processor and the nenory device(s). Applications for
menory cells can include electronic systens for use in nenory nodul es,

devi ce drivers, power nodul es, communication nodens, processor nodules, 35
and application-specific nodules, and may include nultilayer, nultichip

nodul es. I i f f ety . of

ol et oni SeRyPhagebl tdsiae 2 g RGP 8RBT RAEH Ry AR e ci ook, a
t el evi si orsecandablrqetidmam iscorEatedimb sabstantielly vericaldinrationleith an i ndustri al
control system an aircraft, and others. The invention has been described in
| anguage BPREGHO R SURHEMPfic as to structural and nethodical features. It
is to be understood, however, that the inventionis 5 not limted to the
specific features shown and descri bed, since the nmeans herein disclosed
conpri se pr & erfredmieonory cefl of etdimnowhbeein tivediclentric ahd setbad eleclfodei nvent i on
is, therefore, chai-med inagggy of its forns or nodifications within the
proper scopErosndithe firsisies 2l lepsilatgraihopt thgtsanie elavatippaklevel ass cLA Vs |
claim 1. 1ot circuit nmenory cell conprising: a single materi al
form ng at(@%%él}rﬁ%tﬁo%gt capacitor electrode and first transistor
source/drain and |lacking a material-to-material interface between the first

el ectrode and first source/drain; a second capacitor electrode; a capacitor
diel ectric et wEBf MemaOFy ¢alt ofplaim d comprisiediv v ayay £f aeRlurality o suhsi st or

above and ﬂw@ﬁ'oyi:@l% WhErdif bR Fé ocgl/e?{qé‘éi%"co t&ﬁsggﬁtéoﬁnontéléﬁgdfet or also
i ncludi ng ‘a"transistor channel "abové the fIrst Source/drain and a gate
conduct or @nhongthd pleralitgnnel ; and another single material form ng a conbined
digit line inner conductor and second transistor source/drain directly

above the channel and lacking a material-to-material interface between the

digit line izneq,condiEhPLelPGfciaim 1 further comprising:

a bulk semiconductor substrate;
an isolation layer buried in the substrate;

field isolation in the substrate, the field isolation surrounding and electrically
isolating a semiconductor base over the isolation tayer and within the bulk

substrate; and

the single material forming the first electrode extending upward from the

semiconductor base.

8. The memory cell of claim 1 further comprising a straight-line
conductive path between the first electrode and the digit line, the path
extending through the vertical transistor.

9. A memory device comprising the memory cell of claim 1.

10. A computer system comprising a memory device and a

microprocessor, the memory device including the memory cell of claim 1.
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second source/drain, the digit line inner conductor connecting a digit |ine
to the channel and cell size being 1.5Fx1.5F, where F is feature size of
the capacitor dielectric and the first capacitor electrode considered in
conbi nation. 2. The menory cell of claim1l wherein the gate conductor

| aterally surrounds the channel. 3. The nenory cell of claim1 wherein
feature size of the channel is less than or equal to feature size of the
first electrode. 4. The nmenory cell of claim 1l wherein the channel conprises
a sem condudt i ia inteyeatdd extceait semonf cdlleraprigghg material formng the
conmbined first electrode and first source/drain, the transistor is forned
over a bulk 16 sem conductor substrate, and channel length fromthe first
sour ce/ dr & single materiad Eyoring econslined &irst dapacitdreaieetsodeand ditdist anti al |y

vertical djrection w respect, to the substrate. 5.. The ry cell of
e m 1 WSt Ttk Brab ERCELhE A BT b i il AR TR ERR T r o1
el ectrode tp¢ fir@asdcttrfecard fisst abuiderdrame el evational level as the first
el ectrode, 6. The nmenory cell of claim11 conprised by an array of a

plurality of such menory cells wherein the second el ectrode conprises a
comon el ecsecnhe capawitgr eleetrpdampadximate the fliseeleetrodg; cel | of claim 1 further
conprising: a bulk sem conductor substrate; an isolation |ayer buried in
the substrate; field isolation in the substrate, the field isolation

sur roundi riycapreiter diclestuabeivesrs ledfirshand seeondelegliedes; base over the
isolation layer and within the bulk substrate; and the single materi al

formng the first e|ectrode extendin rd fromthe sem conductor base.
8. The nerfblgneisior Cb?m&?l 'ﬁﬁcﬁy@@t‘:’f’ﬂé& g%Ppﬁe@aw'st rai ght-1ine conductive
path between the first electrode and the digit line, the path

another single material forming a combined digit line inner conductor and

second transistor source/drain directly above the channel and lacking a
material-to-material interface between the digit line inner conductor and

second source/drain;

a conductive barrier material between and in electrical contact with the

channel and the inner conductor; and

a digit line portion over and in electrical contact with the inner conductor.

12. The memory cell of claim 11 further comprising:
a bulk semiconductor substrate;
an isolation layer buried in the substrate;

field isolation in the substrate, the field isolation surrounding and electrically
isolating a semiconductor base over the isolation layer and within the bulk

substrate; and

the single material forming the first electrode extending upward from the

semiconductor base.
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extendi ng through the vertical transistor. 9. A nenory device conprising the
menory cell of claiml1l. 10. A conputer system conprising a nenory device
and a mcroprocessor, the nenory device including the nenory cell of claim
1. 17 11. An integrated circuit nmenory cell conprising: a single materi al
formng a conbined first capacitor electrode and first transistor
source/drain and |lacking a material-to-material interface between the first
el ectrode and first source/drain; a second capacitor el ectrode proximte the

first el ectri@deThe neemeny ¢all oftilgihe ¢2 furthdrejongsrisind anfindeperifaght second
el ectrodes; a transistor channel directly above the first source/drain;

anot her sigeped laap diangh thmhﬁaeéuééﬁﬁﬁeﬁ@éh@liiijﬂ@tiQﬂ layer.thetredghduct or and
3 trans . it ok d | acki
rator al - Cehrhe RS idoRogd B CKnBRANG thq' RolilabBEen "] tct of and

second source/drain; a conductive barrier material between and in electrical
contact with the channel and the inner conductor; and a digit |line portion
over and in 14 etbeimemoporribeficlaim A1 whereintbe chgnaelkditactly coptactséharenor y

cell of clei -her conprising: a bulk sem conductor substrate; an

i solati on]c g;@eo:u}%%gféé@ in the substrate; field isolation in the substrate,
the field isolation surrounding and electrically isolating a sem conductor
base over the isolation |layer and within the bulk substrate; and the single
materi al for'® nghe memprisecledfcdaimdd whareindha ghapaakePripisas ae

" ndepondentiogiaye pne KRR by EEdm@hed kB Redradd eqEfrdorr i o0 "

| ayer, theoduredigraindefining the sem conductor base and containing the field
i sol ati on.
16. The memory cell of claim 11 wherein the dielectric and second
electrode surround the first electrode at least laterally at the same elevational

level as the first electrode.

17. The memory cell of claim 11 comprised by an array of a plurality of
such memory cells wherein the second electrode comprises a common

electrode among the plurality.

18. The memory cell of claim 11 wherein feature size of the channel is

less than or equal to feature size of the first electrode.

19. The memory cell of claim 11 wherein cell size is 1.5Fx1.5F, where F is

capacitor size.

20. The memory cell of claim 11 further comprising a gate conductor

laterally surrounding the channel.

21. The memory cell of claim 11 further comprising a straight-line
conductive path between the first electrode and the digit line through the first

source/drain, channel, and second source/drain.

22. A memory device comprising the memory cell of claim 11.
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14. The menory cell of claim 11 wherein the channel directly contacts the
first source/drain. 15. The nenory cell of claim 1l wherein the channel
conprises a sem conductive upward extension of the conbined first el ectrode
and first source/drain. 16. The nenory cell of claim1l wherein the
dielectric and second electrode surround the first electrode at | east
| aterally at the sane elevational Ilevel as the first electrode. 17. The
menory cell of claim 11l conprised by an array of a plurality of such nenory
cel I's wher ei23. t Accopemutarsystent cardprisingrarineemradeviceend #| ectrode anong the
plurality. 18. The menpry cell of claim 11l wherein feature sjize of the
channel i dNICfYIQCesHY, e ragmary dgvicedrelvdingithe mamewvecel ofglaigr dd¢ r ode. 19.
The nenory cell of claim 1l wherein cell size is 1.5Fx1.5F, where Fis
capacitor size. 20. The nenory cell of claim 11l further conprising a gate
conduct or |24t &X plurglitg wf irtegcited) cirtet cleatorglcell® tomphigimgenory cell of claim
11 further conprising a straight-line conductive path between the first
el ectrode and the digit line through the first source/drain, channel, and
second souft belkgemieonguctonsyhstiatg, devi ce conprising the nenory cell of claim
11. 19 23. A conputer systemconprising a nenory device and a
M Cr opr ocessor devj ce jncluding the nenory cell of claim1l. 24.
RdtF Subs

th )
A pluralit3] '@P'qt'ﬂf@@fmeg{[g{ié@i' Wy cells comprising: a bulk

sem conductor substrate; an isolation layer buried in the substrate; field

2ol at ng TSR FOREHTRIOEEbeGRE, teftdlq astndil A gudif a0 M AP Poyer “and

wi thin theolatihdeath ot agtigrality ¢ dilicdni Basesfoverr khe RolatRInUaDS: &xd @ftdinng upwar d
fromthe plurality of silicon
the bulk substrate;

a plurality of silicon columns extending upward from the plurality of silicon
bases, individual columns comprising a combined first capacitor electrode and

first transistor source/drain; and

individual memory cells further comprising:

a second capacitor electrode in common with the plurality of memory cells;
a capacitor dielectric between the first and second electrodes; and

a vertical transistor above and including the first source/drain.

25. The memory cells of claim 24 wherein the substrate comprises a bulk

silicon wafer.
26. The memory cells of claim 24 further comprising independent, closed
loop trenches through the substrate to the isolation layer, the trenches

defining the silicon bases and containing the field isolation.

27. The memory cells of claim 24 wherein the columns comprise epitaxial

silicon.
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bases, individual colums conprising a conbined first capacitor electrode
and first transistor source/drain; and individual nmenory cells further
conprising: a second capacitor electrode in cormon with the plurality of
menory cells; a capacitor dielectric between the first and second

el ectrodes; and a vertical transistor above and including the first
source/drain. 25. The nenory cells of claim 24 wherein the substrate
conprises a bulk silicon wafer. 26. The nenory cells of claim24 further
conpri si ng i28dePhadeshorctaseast cldioop4 whersihdbe chbluogdhcomprisepattraft e to t he

i sol ation a¥F , the trenches defining the silicon bases and containing the
field isoltB8PYK 27. The nmenory cells of claim24 wherein the col ums

conpri se kA Ll 20 28. The nmenory cells of claim 24 wherein the
col ums c?%prﬁl?éﬂé&!pcé?'tsé% sq'%?%e bul k sem conduct or substrate. 29. The nenory

cells of claim24 wherein a fill material between the plurality of first
el ectrodes caonprises primarily the common second el ectrode. 30. The nenory

cel I's of cl &%mibg mp@eey sells ¢f dlaimdsd avhaseintilmateriaideiwaeathey of first

Lectrod : . . : el .
cecond of RTINS Sk pBlcs YolBrsfy BhEpHN B RoGYRBh sBhEha ElburteTTo",
digit line over and in electrical contact with the plurality of vertical

transi stors, the nenory cel Es including a straight-1ine conductive path
bet ween i ndid% dhife MePREY etlsQfidriEs24 whgreiRe Wl getenal hetwee theat h ext endi ng

t hrough cqqr { LA v L&Al it I : nory cells
of claim %{ur\%ﬁ@?@ﬁhgﬁgﬂg?%%ﬁ:{f&bgﬁﬁé%sz‘\l@alnlg/ eiﬁg%y%tt@é%at\%ﬁ'g} é\rﬂ% tﬁg capaci tor
si ze. 33. commorrecyndeldcirodle. cl ai m 24 wherei n individual verti cal
transistors conprise a transistor channel above the first source/drain, a

gat e conduct or
31. The memory cells of claim 24 further comprising a digit line over and in

electrical contact with the plurality of vertical transistors, the memory cells
including a straight-line conductive path between individual first electrodes
and the digit line, the path extending through corresponding individual vertical

transistors.

32. The memory cells of claim 24 wherein individual cell size is 1.5Fx1.5F,

where F is capacitor size.

33. The memory cells of claim 24 wherein individual vertical transistors
comprise a transistor channel above the first source/drain, a gate conductor
around the channel, and a second transistor source/drain above the channel,
channel length from the first source/drain to the second source/drain being

oriented in a substantially vertical direction with respect to the substrate.

34. The memory cells of claim 33 wherein feature size of the channel is

less than or equal to feature size of the first electrode.

35. The memory cells of claim 33 wherein individual channels comprise a

semiconductive uppermost portion of individual silicon columns.

36. The memory cells of claim 33 wherein the second source/drain is
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around the channel, and a second transistor source/drain above the channel,
channel length fromthe first source/drain to the second source/drain being
oriented in a substantially vertical direction with respect to the
substrate. 34. The nenory cells of claim33 wherein feature size of the
channel is |ess than or equal to feature size of the first electrode. 35.
The menory,

sem conductol erji%ggéeyr %Lo?gklmggtf’{n:f\%ﬁ'&g?@é&g?{:ﬁ(@%&%hgﬁ‘ﬁ?}ggﬁﬂn%gﬁElﬁa;' S:?)Gfi The

menory celdmhanaél.cl aim 33 wherein the second source/drain is 21 d conprised
by a digit line inner conductor connecting a digit line to the channel. 37.
A nmenory device conprising the plurality of nenory cells of claim?24. 38. A

dovy ce 1 nol cih g TRE sy RSB SRIng e SEREofnRfory iels 67 3im 4. " T
integrated circuit nmenory cell conprising: a bulk sem conductor substrate;

an isolation layer buried in the substrate; a conbined first capacitor
el ectrode arm§ f\ $YPPYIEASY¥SISMHEORBIIFING/IMEMPY WeViceraRNd 8 INSTaRieeesSeEKi ng a

mat eri al - t;Q: ' I : : ' I r nd first

sour ce/ dr atﬁ(re\!m%rﬁébgé)en\hg%E{)"jg@ﬁﬁﬁ%ﬁéep@gg}tiggn{)érrﬁir}y%%t"g%ﬁﬁgaq@i %@t el ectrode; a
capacitor dielectric between the first and second el ectrodes; a transistor
channel directly above the first source/drain, the channel including a
seni conduct i3% éﬁv\ﬁ'&eﬂr@%@&ﬁﬂ%rﬁn@ﬂo@ ¢Rlk QARNISIAGT i ng t he combi ned first

el ectrode and first source/drain; a gate conductor laterally surrounding the

channel ; dipectly .aboyve.the channel, a conbined second transistor
source/draqhu%r?(ﬁ%'a? lfCt?'iﬂébqtm%r conductor connecting a digit line to the

channel ; the first and second transi stor source/drain, channel, and gate

conduct or o f QB[QtitBﬂéé’yé’r%}rieﬁ% tﬁé%ﬂﬁéﬁét@f’ channel length fromthe first

source/drain to

a combined first capacitor electrode and first transistor source/drain over the
substrate lacking a material-to-material interface between the first electrode

and first source/drain;
a second capacitor electrode proximate the first electrode;
a capacitor dielectric between the first and second electrodes;

a transistor channel directly above the first source/drain, the channel including
a semiconductive upward extension of a material forming the combined first

electrode and first source/drain;
a gate conductor laterally surrounding the channel;

directly above the channel, a combined second transistor source/drain and

digit line inner conductor connecting a digit line to the channel,

the first and second transistor source/drain, channel, and gate conductor
forming a vertical transistor, channel length from the first source/drain to the
second source/drain being oriented in a substantially vertical direction with

respect to the substrate; and
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second source/drain being oriented in a substantially vertical direction
wth respect to the substrate; and 22 the nenory cell having a
straight-line conductive path between the first electrode and the digit
line, the path extending through the vertical transistor, and having a cell
size of 1.5Fx1.5F, where F is feature size of the capacitor dielectric and

the first GapachLor &l ERIRGISSURIAL &hduRiGOPBINEEWERn A2 first

electrode and the digit line, the path extending through the vertical transistor,
and having a cell size of 1.5Fx1.5F, where F is feature size of the capacitor

dielectric and the first capacitor electrode considered in combination.
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