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relates to high aspect rati o openings and etching

met hods for formation of high aspect rati o openings.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Figure 1A is a diagrammatic, cross-sectional view of a portion of a
semiconductor wafer comprising the cross-section shown in Figure 1B along the line
1A-1A.
[0009] Figure 1B is a diagrammatic top view of a portion of the
semiconductor wafer at a preliminary processing stage of an embodiment.
[0010] Figure 2A is a diagrammatic, cross-sectional view of the Figure 2B

wafer portion comprising the cross-section shown in Figure 2B along the line 2A-2A.



[0013] Figure 3B is a diagrammatic top view of the
waf er portion shown at a processing stage subsequent
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[0022] Figure 8 is a diagrammatic, cross-sectional view of a wafer portion
shown at a processing stage subsequent to that of Figure 7 of an embodiment

including formation of a double-sided container.

DETAILED DESCRIPTION
[0023] The present disclosure includes methods, capacitors, and high aspect
ratio (HAR) structures, e.g., openings, vertical features. One method embodiment of
a capacitor forming method includes forming an electrically conductive support
material over a substrate, with the support material containing at least 25 atomic

percent (at%) carbon. The method includes forming an opening through at least the
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[0027] According to one or more embodiments of the present disclosure,
semiconductor fabrication of various features include deposition of an initially-
conductive material, which is subsequently processed, e.g., after capacitor feature
formation, to effect a change in the conductivity of the material, e.g., reduce
conductivity of the material suchvthat it may be utilized as a capacitor dielectric for

electrical isolation of the conductive charge-carrying plates. In this manner, the
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[0031] In the following detailed description of the present disclosure,
reference is made to the accompanying drawings that form a part hereof, and in which
is shown by way of illustration how one or more embodiments of the disclosure may
be practiced. These embodiments are described in sufficient detail to enable those of

ordinary skill in the art to practice the embodiments of this disclosure, and it is to be
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erstood that the electrically conductive materials
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it is to be understood that the electrically conductive materials of the node locations

could be provided at a processing stage subsequent to that of Figure 1A (not shown).



transi stor constructions (not shown in Figure |IA) and
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[0038] The carbon may be primarily in the form of an electrically conductive,
carbon backbone polymer or a hydrocarbon-containing, silicate backbone polymer,

with or without a polymeric carrier “matrix,” e.g., as a mixture or blend. Although

the silicate backbone polymer may be electrically insulative, such polymers are



as nmuch as 36 at% carbon, but may or may not be
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refers to carbon that is not crystalline. That is,

sadvuilseoutbe ¢iganbion nigkl ned exceedTah iy prhsticRmABEH nRhfrased 12.5
h?s some structural regularity due to an increased

3;5 ‘eval ence of sp3 hybridized bonding (four single

[ooszis per Aadob@ﬁ); to blyvenvabre dnitertiipantethe swmmﬂndtaeal 128 is
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y anorp OUS as no structural
the present dlsclosure ‘amorphous” carbon refers to carbon that is not crystalline.

That is, amorphous carbon includes “transparent” carbon which has some structural
regularity due to an increased prevalence of sp° hybridized bonding (four single bonds
per carbon). However, transparent carbon does not exhibit the high degree of
structural regularity well known as characteristic of crystalline carbon, for example,
diamond, graphite, etc. In comparison, fully amorphous carbon has no structural

regularity due to an increased prevalence of sp” hybridized bonding (one double bond



regularity due to an increased preval ence of sp2

hybri di zed bondi ng (one doubl e bondand two single
woomdazqes carbon) and literally "lacks defini PeTAsz009/001693
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known for use in formng anti-reflective coatings
3@htuLor hard masks, instead of form ng support
rials, 0 .
(ST 2 5 g B B8 RO AP AGREF S0 o0 e,
ah@ adRibnbiKiangoarithiang sgent agl/si agraslystSRotenitially isaitable liquid
processin evapor at e,

na the carrier. and other
reis e @RNge AR TR SSH 58 §0frt}%k<l%casamatﬁa?l TR PRy fayd mask
(F{?@C&h@g% 1ﬁu Hures. PRl ALRY knb R f&otbs%qﬁlfoxﬁﬁhdf gSti-reflective
Vi ng in

a support material in keeping Wth the
coatings and/or hard masks, instead of forming support materials, might be processed

largely according to a manufacturer’s specifications, including a series of heated
baking and/or curing stages. Such initial processing may evaporate the carrier and
other components while cross-linking and/or catalytically reacting, e.g., polymerizing,
the polymer solids, leaving behind a support material in keeping with the
embodiments herein. According to one or more embodiments of the present

disclosure, such initial processing does not alter the initial conductivity properties of



enbodi nents herein. According to one or nore

enbodi nents of the present disclosure, such initia
w@e@oaseifng does not alter the initial conductP@i/U§2009/001693

properties ofthe support material; or if altered

somewhat, the support material maintains essentially .
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ohBNcBge s ORE UG tihMRremag b ueed toprapiyri ts defsiis@tjgerdtmixture
'curlng steps or processes may then effect additiona
inharghd hegng RendigpporlectielMPBITSCT oRRSSTHaD AR BRS OF
pre |C§‘§st35 hig Ith h&{fe%‘t: %&{i{i&ﬁdl %ﬁar#éég ko ﬁfé%ﬂ‘ﬁfr)(ﬁt mafEBEe composition
el%6ttr i cal characteristic ¢ angi ng cuUring steps may ‘
ahdyet ¢ldetriadiychaiaogirietict dinr esamplentiesatleancafchstastssistiofhanging
heati ng, photon bonbardnment, irradiatio and/.or ..
CUSpHEERETE 1@?@&% feitfe  cRIBATEE SR SPE G ERIpe Photon
bgﬁgh{dﬁ%n%gﬁih’%n, eh8ot ek SRlrdPoURRo¥haghanaRslds 46 Actasve the
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de¥iedenatetialidldcaiicat prapagy phoegss sech asoededinglpnducheity of the
suppor t ngﬁerial froma liquid to a solid generally
SHRRPRE MACERY before feature formation therein, e.g.
60

i g, syhsesianial ClihNBroREREECHSPHAITS Hedsuppoilt heserial from a
set forth above, may be perforned after certain

ligewt toraeslid gendrallyrmughtioce trebeforg gierturerfarraation thenegy, e.g., etching,

xanpl e, after form e ' j i
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effect a reduction jn conductivit f the s%ﬁgqgg
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AL IR ks piang TR el ke
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SO S SEINE 5 ol O029), SR HERLS B s v i
now reduced-conductivity support material isolating container structures.

[0049] Embodiments of the present disclosure are not limited to capacitor
structures. Other integrated circuit structures and features which may benefit from the
advantages which may be realized by etching a material having more conductive

electrical characteristics, and more insulative, i.e., less conductive, post-etch material
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structures. O her integrated circuit structures and
features which may benefit fromthe advantages which
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According to one exanpl e enbodi nent, the
deRice sEPetYresonducti ve material nixture is a blend of a

uctive d I ri.c carrier."matrix."
B8R prRBEL B ofafl dRBO My S DL Rl oy icive
nsaiérse quieire isra)lﬁieﬁ@bf@cqrﬁmbtiﬁé(}%rz&@r il £ PEIHfetit \Chirder “matrix.”
hange, e.qg. reduction, e obtai ned by

, may
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and may include any nunber of constituent polyners
Sgﬁﬁ¥8P¥ﬁ3G5OIyner materials. Processing used to change
[eom3qluct i ViHatyakt @mbRHARENY oY lp:}éas@ﬁtr 35@8?19? %ﬁé%{ Ii{nited to

str Upt ures of one or nore cons tuents o e m Xture,
segh maguresaed may include any number of constituent polymers and/or non-

rials involved
res

polymer materials. Processing used to change conductivity after etching may
rearrange polymer structures of one or more constituents of the mixture, or may cause
micro or macro separation of certain mixture constituents. For example, heating,
irradiation, photon bombardment, and/or electric and/or magnetic field exposure may
be used to break molecules, and/or to separate the conductive polymer and the matrix

polymer into separate micelles.
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mcro or macro separation of certain mxture

constituents. For exanple, heating, irradiation,
w@bavas2bonbar dnent, and/or el ectric and/ or MEBOBFUST09/001693

field exposure may be used to break nol ecul es, and/or
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material to effect a reduction in conductivity included heating to at least 180 degrees
C, but to less than 200 degrees C, for up to 30 minutes.

[0058) In further respect to the blend available from Brewer Science, Inc.
described above, curing at lower temperatures than 180 degrees resulted in less
reduction in conductivity for a given time. For example, heating to 100 degrees C for

30 minutes resulted in virtually no change in material resistivity; heating to 120
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C, but to less than 200 degrees C, for up to 30
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war@blia2be£ from Brewer Science, |Inc. descri bedrPebosmpe/01693
curing at |ower tenperatures than 180 degrees resulted
nductivity for a given tjne.

ction in.c
Qe oioprt PnuBE resg O iSE biyphederst hones nmiseral
fe§istibitydndl Heéﬂr{gttH 3lb¥iepReS0ERHS0 hﬂmg@% 1%51'.1@61 Jjust slightly more
or MUt 68

resistivity; heating to 120degrees
thers ane @9 deendeebangeramaienal (rdgistiéyade chan g e in

i al t d. heat Cf
B5 it e ERRRIFY B Rk T R rorneiug By SAHECRR and
BiSico®s¢ B@E%ﬁ‘oﬂrfétﬁ?'&:@ﬁl‘p@émﬁﬁ §{12§Ia'byé itré(m ﬂr@%ﬁ%%%gﬂgﬁ gf

of hard mask material mxtures include BS|
Tz, 3byou. &heafom@mro@:cas yn Otgﬁposslltqatrrhaad/ mals]a biaeerfaﬂ om
r )ﬁé ggguﬁ %r ’t"g nc InI W}&l e[téle ﬁ%ﬂ;ea pS u([,slneg} %ﬁg[ﬁ%? t1tanate silicate

}&ﬁlhﬁsmm@rﬁb@dﬂtalﬁﬁlgadb%lﬁm honcabbh Gm?lh@oth%"efr%ﬁnsalatwe An
produces an _organo-titanate- silicate hard

eramels oflancdintanaieig rapoue lrﬂu@s%sd&ﬁw9mﬁmpmpmary
c%ﬁlf%gmoﬂ %Eloaatv Nf?ol%é?m%%g%g§cﬁ%cg%(.ARﬁlenﬁﬁx“ature produces an

ture |nclu ad proprieta
ccgapoiot titemusal mdmoal) ) IAFT maie"rmﬂrb@{t@l\ﬁﬁfg a‘B@uem &% tf®on, with
The mi xture ﬁg uces an organic (no_ titani um or
\¢

thY $9aLPR PeREEORAYLCal X@Jawéf‘a?u iKREWAISHSEes 24 caRdyciyE pelymers
1M‘é1{uﬁb ﬁ&?(a@&?fe‘ngﬂt ?i V s y?fgir})gy(}’lﬁ%}iﬂﬁégﬁpfxﬂﬂa% hrl%?s‘?wn

cl asses” of ¢con

pobi (ﬂ@@t@e@)ﬁl m]i}e()333,1k]ddhW}myle)sopmi)f&xraﬂﬁﬂfyh@feine@ mehepshthalenes,

AR eSS Rt ysbvteat NinshoaeVal enes.

[OM(L]nap ht h@éc@ﬂﬁﬁg t@@ﬁ&&ﬁn@ﬁ%c@%eﬁk‘lsﬁlg m ?é?ﬁl 128 can have
poli@%?ra phenyl ene vi nyl ene)s ccording t
aghiekagss pueresubpbaieil i af. gor wppm,tgrm«crehmaaboma rmammame(pm)

E@eh g{) C&%Q ?hgkn%é’ lﬁshltl %S Iﬁrsgﬁ}g%)é % Hﬁ) or fmﬂ'@{? 2 {fe according

téhpaﬁme&sd&ng@hﬂ@e | ess than about 3 mmor from1l.5 to
nm accordlng to a gartlcular design rule. [0061] As
[9%:_11 r eaderAsdhe Feadgpvl ﬁmréCIaTleh@e@@mpéélilpn%@@cuﬁ@t%l@%(for

i -al ]
ﬁﬁ%}fﬁrp&%hta]ﬁw%dé%ﬁﬁ% ﬁ{;mﬂ ne&ﬁ:aesg%%é htt ? ]L[IEJFVG By é)ﬁevmusly
beensimdeleed foosuchucisea Pusdoudty, &Mirfgl-sﬁlhdbn dﬂ(S)hﬂ@ dﬁ:ﬂéct*ﬁf@fd)r
di oxj de dielectric for su port material provided easy

SRS A PG Ha oo ¥idpd jasyeie! aaan of BROHVIGSh Siog) PereRAcE gevices.
/34%03 Qilicsh bl xE HneXilIgeyigRRaH Is%%sg@ﬂé%ﬁ g%qgﬁlpg%@ﬁ g%ﬁ:@gsmg.

hi gh tenperatufe processi ng.
C@Oﬁ@lludethampdmomszogmdelatlbm was ighgn to using hydrocarbon-containing

droc on contain support material, especially if
l@#@&m rssp&‘fﬁﬂ eﬁ?q ricap; $RdBFNF ﬁh@e BERad T pateicial
eRh&hp élﬁlﬁ)@&'lh itbinfiag 'Ver(glﬁ)srf%tUEksVﬁyeréﬁbng%Mﬁlﬁﬁrg support material
hydrocarbon contarni ng support nateri P

myghttnot awdstand highdemeerature erosessiegsas wel arsl, u\iectdndactdve dées not
1S%Pateéjggr¥plh\éredl odr% Jsacent devices all by itself.

[0062] Figure 2A is a diagrammatic, cross-sectional view of the Figure 1A
wafer portion 210 shown at a processing stage subsequent to that of Figure 1A. A
plurality of electrically conductive node locations 220, 222, 224 and 226 are shown
within memory array region 214 of substrate 212. As illustrated in the embodiments

of Figures 2A and 2B, openings 232, 234, 236, 238, 240, 242, 244, 246, 248, 250,
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i sol ate peripheral, or adjacent, devices all by
itself. [0062] Figure 2A is a diagranmatic,
wa@e@ed2@ect i onal view of the Figure | A waf er ppCT/USI009/001693
210 shown at a processing stage subsequent to that of
ure A Aplurality of electrj on ve node
25233 2t @psarzdormebhrouss suppeft ??Be"éf Z%ﬁbﬂ%ﬁ “\Rﬁ? iﬂcﬁ tions
A R 1 20,322,324
o{TPPRIGH AL EY R el b BHOP1, Bty ROk Iofions 320,
afDB1Y tgsg A8%yn RFIgui2 36y ). 288 ordingio AuXr Mdnd enﬁm@m@ﬁa the
250, 252, 254, %t are. fornmed thr gg @‘E?g ter. e.0.. 2
opeE cah hev highdbeclotie Faamec et a S st iRl o grretgn o2
U f bk @art have dNIEVRIIAGE f09€ @du@N S0 about
%%%{7.’93 SJ%}g%egn% 6 b%tsna sh Y)evm in Figure 3A). o oot
3/pmmmd|an@dttooﬁubeub60 naroEasery é@m)r@rnhess Theeonspires ﬁgessf@a\m to
by Gt g pentiagicy s s ERAEDDfedpp HebPoligBRE tytdeis o
bORAMrBG8d ﬂﬁﬂtﬂ%&)@@nﬁhﬁs ehreNAlkel (Qlibr@fla;ﬁerso Mcabalitig tb drﬁ Of more

about 3 mMm and a w rdth of about 60 nanoneters %2 %

eindedimeTire thepsnings 232,62 3¢h ¥ 288, Ik 441 ¥durdt 24t &30 252
h

2SR ONER Ehat (RIS Ry Bl b B v

aﬁﬁ’é&a&ﬁhﬁronaMbﬁﬁnmﬁ&mrﬂlth@amo one or nore
enbodi nment s, the openi ngs 232,

34, 236, 238, ,
[0603] 244, Axsgrdingie ongxyy mors fmbgéanené% dhe 0&6&%%3 2 236,
259 54%[ Q')lf %EE 2 ieh s Ofs ch‘fr%c?_'ﬂ Oftc SErre%FrHéc?&er %%erﬁ(ﬂ?« array

appreciaté ohe of ordinary skill in
régi@n 214 of c£<ﬁ1@ﬁﬁc]t1oﬁc2‘mmludnghﬂo therpeningsaresfoonbd di tmqh§56 18

th 232 34 236, 8, 0, 242 4
forae: 0\5@811?%5@ C%Huctl%@r A RSB Rt Ed Sf%g}*?’afymd
sfn?l%a;ﬂgo%if’ with tﬁ@@ﬁe‘n‘fd%tdv@f]mg%r)a&%y Mwiidre2 uhenOReREdIfSly is

orned, a trench 256 is formed w thin region 216
shéwo cﬁnnﬁtedumﬂuzmg tﬁd_snamwatph @mght usedrie orp® thej apesipghrit is to be

uggérg@g‘izlla ! ane usl e éB @ Flaxlaﬁzﬁ € %Eés%gﬁo%%hoqﬁlggfoﬁned with

aHletdn s%gi}gtetf’ﬁﬁn W@m&i ©lfoas thd\@lenttie @vEOmERDLRY iy region 214.
openi n is to be understood that the trench can

Sbeh eich uatd erfoanithetrprcboes dergndursed SHEHANOT PoPhtFTVINE§ich
t t.e f t hat
S0 EIRORR B RO bRt i LR BEP PR 0

dnBekilee iethe @At widea fp@m@m@ta@chr@nytdfaﬁenmﬂy@em @nclodingfasercjated

the etch used to formthe container oenl&ss a1 isolation. f
capardior streaiur@h) maﬁ@ﬁ@pyogmqeg)byraetéwgh to Provigephyjsisal 1solation, for

e%gxllnlps ag tﬁfﬁ%qo %'éé Wele ch%QﬁI %gipqtlﬁ aci@Msd Hath o dRIFBEY

[ ng ssocl ate )aci tor structures), nay
hgeSall fromndackiby the petiphery dfah@annavy de physi cal
i sol ation, for_exanple as a [%:’rrl er to. kee

t .
[B0eHback, %cc@rdmgﬁ:) ORS O TS qdhmsryﬁ,cfgngﬁs%ﬁhe container
0{58{5@% QJA%HCH; Iﬁ’lg{ﬁ]ﬁ%‘ 51%3}(1'6 BniNQ aﬂ@r’[hep!?&{dh Withih rﬂ@%i@ﬁ D&Y may be

to oné or nore enbodi ments ornation
aetomhpléshed by dirsteforropeg i prh'@g)rwmthnaskrfgmhp“@b rwa@a nhetplighographic
pzrg'éessalgg, guggeqtugl(let Ctr}aﬁl\sﬁfetmlng arp% I’hom ?he ante ed mask to underlying
material 228, and removing the patterned photoresist mask. The photolithographic
requirements associated with formation of the patterned mask can be relatively
stringent and, accordingly, an antireflective coating material (not shown) can be
incorporated into support material 228, formed beneath support material 228, or

formed over support material 228. Of course, if support material 228 is itself an anti-
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acconplished by first form ng a photoresist mask (not
shown) wi th photolithographic processing, subsequently
woe@ndt@nsi ng a pattern fromthe patterned nmasRCT/WS2009/001693
underlying material 228, and renoving the patterned
phot oresi st mask. The photol i thographic requirenents
reflestivs eqatin 2 WARE) moatemal; ten spch measyeistichbbe praiifede dn ope or
rel at stpin t I
wigit Prbrfee, HecostimndPi BT aFpRd binAlaim. o, g otiom
ahtkefERBlealoatng (BARSY paddrial.mat eri al 228, formed beneath

support material 228, or fornmed over ort materi.al
18] O cohesring fo g EeRere sHIRORIMEnS 3¢ SUpppT Ry ric 28
1&?5] Q; gld rgﬁihkzﬁls %9&’1&&1@9 € e?ﬁ@al O £ltd dtics Eﬁ@ﬂh%@ openings may

I'n"one or nore enbodi nent s,
bt laﬁlsé’tl%bmﬁitye&“ttkadd imeysuppott ndterial 2p8 nlmwchlenih\vdengus the

bot t flect t t |
REEEHTIF RGNS BRGOE S P8R BRI REAILe PRy isreon Aining O
a[mg%h?‘tof%ﬁcwm | RINYC R, Wl k Ve lavid GQiRelRddey 0 <x <6, 0 <

ctrical charaCteristics such that the openi ngs_may
yhred amidot v oyf. cBkdmyplet @ﬁ@d{ﬁmtmlmﬁﬁrﬁz Adtsetilal Q%aromatlc)

t t.h
B ST B 500 BT R AR s
aﬁ!i @@E ¥t thdSRivelpcbdpted Pasm@ keddiir @xkiydtal, flovaedte oRabout 50 to

zarelnte%ers 0 <x <6, 0<y<4 and 0 <z <
aBoutE»OQrf;}:ﬂnégrddfu Oapmetare perdaingipsecm e fleyipate resggefl Oz to

CsFg, etc. One set of possible anisotropic
S&fc"l%q%%og%hdlti ons includes supplying Q2 and SO2 to an
Ct | Vel AndtRetaeest flssib Pani @a0by etd‘tm@cd&rﬁhﬁd)nsflhdmdes
rate of about 50 to about 300 standard cub

supniyingxind Si61 triah iyl FpUBlSa PlesTR avAcen % aralel Bowrrate of
é)out"soﬁ% aBlut'300%cdR aftd b gh \Q%@Jau%?@ b s?é& o%bout 5:1. In

bl'e "ani sotropic etching con tions includes
eRHEeY, Irag:tdﬂiempekaﬁlré:hﬁaytha feom ahmiu@l()f’ vceht;oud: o0 €dr, more
pl asma reactor at

flowrate bou
sa%ﬁ@auae@ogb&ntaﬁe ¢ Mo aresiders gyt dpog 100
lﬂ%rr g r, morg g&%c?ﬁéali‘l r fr§§1t20 t'bQﬂ)CthﬁTéﬁ ”P@Gv@i Mp@hE@Yo e top

roma oab C or, nore specifical {}t’
plato ma§Getfoond abat SIQéac amutﬂﬂé@ satte (Waypreotersppsifipdit, 5

b [1iT f ||
D A S oSS PR o
E@clﬁ&ﬁm @%Hkm@&ytwo bRy Ohe @Qarﬂ\ﬁtetoiﬁ afi Wdu@ﬁvelﬂﬂb@pled plasma

pecifica approxi mately 850 W Reactor _bias nmay be
réarcmcm intlodes Pham @380 &ivo geny vailablsy fromdyag Research COI’POIaUOﬂ

eC| fical.l appr oximately 110 volts. One exanpl e of
Yt ’i‘lv%w ‘coupl ed plasma reactor includes a Lam

6@f] Ki'yo &Yertiednsavetigoadibr efnis@ﬁ’opﬁmtd:l?tmgearmil{tlons includes
Corporatl on in Frenont, California. [0067

syeplymrg Pyt V1 1 aeAraeitivelyicoupled RiasgadBHiPTat 6&%‘3 [ h88rate of
:)b & 4163 BHRN0Y s'ggm%d%gfo\l(\lﬁtg reﬁlo‘%ﬁ"f%’zctbtNIzV(ﬁ1 2 el edstin

asma reactor at a tot ow rate of
further set of possible anisotropic etching conditions includes adding CH,F,, where x

and y are integers from 0 to 4 and the sum of x and y equals 4, to the O,/N; gas
mixture to provide 10 to 50% of the total flow. In either set, reactor temperature may
be from about 20° to about 100° C or, more specifically, from 50° to 70° C. Reactor
pressure may be from about 5 to about 100 milliTorr or, more specifically, from 20 to
40 milliTorr. The reactor may operate at dual frequency power with a high frequency

power of about 200 to about 1000 W supplied at 27 to 160 megaHertz (MHz) and a
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about 100 to about 500 seemand a flow rate ratio of

2 to N2 of 1:2to 2 :1. Astill further set of
w@omsill2e4 ani sotropi ¢ etching conditions incl UBEBUS2009/001693

addi ng CHxFy, where x and y are integers fromO to 4

and. t he sum of x. andl%) equals 4, to the O2 N 2 gas
IRV SAUENEYP QT RIAE dROYLRS to 3bSeob Q90 Wiseppliadat 2¢tpdi6 (MHzZ). One

SR g 90 ol TR R L AR e 20 e
dReddilefropr Eam Researely Cospofration ialfaethoft, Califdeeidt 100

'HiTorr {)r, nore specifically, from20 to 40 _
ﬂ‘ﬂ’ I Tor r . Theioperties o suprgrtapaterial @28 digysged phevpuerrspially
WIYEArbdh il i UG,
about 10%%%%{/@&%2?% gcg&at 2761%%@?%180&‘#382@&% %Q?M3Ckgﬂ%e
reloners plegeeninya plondre. of matioust w2l atpolaberid catA0mYix, may be

lied.at 2 to.13.6 (VHz).. | ) ..
RIS By Pt pieda ppithiosiee 5P mdlisshdionide. The
cheRabxsthgohenl, 9k @ppenéaitd gg*s‘?cd‘l Eﬁm&ﬁﬁ?gé%z%]%ﬂérrﬁgn anisotropic

Corporation in Frenont, i fornia.
eHhéserh supRob Masirib 8P 8 isarasr thah thagfdilsondseddal®i®s), Such

Lall | neprimarily.in the formoof an .
e é;rglﬁérela% g%n&i‘n@%ﬂ%ﬁc e gpr it B%W?&ﬁ’@“ﬁ%%ﬁﬁ??ﬁ material
2B oy thus bemardd fEtiveld. ahisotrdhehlly etch¥d htthigh RYJeYIREbLS
g@ rier trix, may be expected to allow nuch higher
[ {%ct r at!P @EH PHEAPRERAS e, Eeneh-glyle ceprci@roin destatfine silicon (c-

SR G&horfeQERRRE Mtios 3% 76APR3RY 009 @({Hcﬂs Red$P %Iets%-a?r%h gﬁd
conponent, in anisotropic’ etching of support materia
deggoprsentartisrevehan stdhedppedached a sitivordilioxiddeS{Bi) €Rpport material
dSuch %hffere ce 'sheven nor e, dramati c for carbon i
e Gl rT s biEh ! 35stt raties GRF & (hS B85 wyh PYRI: astalline
STTREE (@Bf)&ﬁ%} NelethARE S ARY 6 kil o HIRER (§§o | gl s%FRGCt
rati os. [0069] In previous approaches, trench-style
agensdioi te pre pmmereyembddimpaets of theqursehit invSitjorh avgport material 228

d t ti f. 70: 1 ith 100: ) . .
A B PR PR b L liaf b ot BSRERES dessiibebhereim, which
&6 Nt rAPRIBAHABIS t8 efbt veQiw@piARcHimk PR SHPIBAL silicon (c-Si).

mat eri al does not allow nearly as high of “aspect
[9%70] 0s duerdditianally espironjapplisgiion lof sunportanateriel teial desived

o T R UM SRIPR Bel R4 b 53008 S0
fiohe ipc@aparisonny Esthiing reSdpRPletcapBdierd @l crgRfliARYyiliesabF grther,
exceedi ng such ,asBect rati os given the properties
fydeesssh HavWR &raing bupsddigitdines.iuse gbersalmeabicentwould involve
- i. .aDi i r [ i.licaon
SR AOLTELEORIA PR Tt AL AL g b
meuaupb228 witheut tathnitm anddesiliced prédwknérsviagtofs fatng dafing

openi ngs,. may. be integrated into w der. vari ety of
e P T O Gt R B R ARRAH Dasign T dichiang therlalseal < hypis and help

p%gg@égﬂi?htgppr%ﬁyét alline silicon. Further, for
ows formng buried digit |lines, use of

rocess f
[(f%llst al | i Aecerdirigiiorongon mbre ambbdimedis, bpouhgs 232¢234, 236, 238,
i Ve if,@xi h of the silicon. In the
2B ISP TR AR . A el st ard i S perp R memory
aedyOfe@ionsd 141 ©UBh RFrEY BEAEriSRAWIVE 8nd Bdlusink €ahd F&v Il Hhg

considered to extend horizontally in the view of Figure 2B, and the columns can be

considered to extend vertically in the view of Figure 2B. Alternative array
arrangements are possible, including offsetting each row by half of a cell compared to

adjacent rows to allow higher cell density.
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etching, addition of titaniumand/or silicon may

decrease the |ateral etch rate and hel p produce a
watooaitgdroer profile. [0071] According to one OPCTVDEE09/001693

enbodi nments, openings 232, 234, 236, 238, 240, 242,

244 246, 248, 250, 252, 254, etc., are forned in an

HO72), i t hiMtheawshoeRenaies 232 24, BR6.238, 240422244046, 248, 250,

j an_be consi ed
S B ong R BRRaRP L R Tpg BN AR EutBR SR
tierlyDigioondugive nbdess i abatogids DRO,2R0EIT, ued DR6 ad sbvilin

he vjew of Figure IB. Alternative array arrangenents
Eigfreh i B e oillesond gt o1¢ SonprahEderers Gt By RaIcn e
oRlkd be ' t | cel |
Aol EORBANT i, L g LRl By L 5 o s
ayihe ophep Jayprg Fop 4i@starg43n @810 stoR 5&yer 2ot shewn) cande@rovided

i bed as_ext ! nl hr ough su rt _material
R e A ok A S BUBED Bl el .
tR22he 3pehin@NTo @B thR %t ENAYR [dyBr. FTIMKE a8 etc'htstcgﬂagﬁr B is shown
under stood that one or nore other |ayers (not own)
Rehme e uppery matatiah 82 §rertragien Alfdefssubsitate dpdor Fignet 24 al

and th ' can st on the other

[I%g?}‘gr s. Fo’fQB ie{r?g t% go%?é?érgc% R &t %ﬁas n@gﬂ?’l% él?a%?r ¥ SUpfbe surface
afanbdtete? virdiast dheinee deBuRN@bE sHIRHE SborRdSDy thd surface, during
Fi gures 2A, and nodes 220, 222, 224, and 226, so that
& PESIAYER; TR Val o SuppPrt matesial B2& (digsusseydhelowdhatn gish stap layer

' Aeen suphaort mteri
SEleeh PR ALt LRI BRG eB LA
exG048] thlmugé:tthh ﬁ&hcsrbplhaiMEtb nfo&as mo;;nzez{)zzunmr izggﬁh a OT}econcl
t | S, .,SuUcC S the surface of substrate | an or
egﬁ%e%ef ﬂtﬁaflm*b_é’\ff?‘t@ssueﬁ%‘? maHHh Y28 u p Be eich gtapycap ieclude any
SITAYED i '
SR rALl) DR HHRREPHERAL PN Bl VR gy ang . o

eapplenbe sifjeerenittideect s of etch non-uniformities, if
the etch

Th ' tended thr.
B 2na RS S3001S 3SR osiation ol savehir ueiones n

te Sfenadck @ tHeh@pHdre hatdMHaP UBBwWRVAP Bhbo MBS @th@ﬁé ent Mvention
etch stop can 1 nclude any suitable material to mﬁlch
g i 6P dintigdepndgmbaiments of ¢hespresant diseloyuretindiedt fommation of

. I be siligon, nitrjde. [0074].. The .
off 8 i BFAP syt A by v sk Blie o mL apesizisiow
asiectsaif theelubated embpdifiengsmhybé IR ofPoPREd IntdBcShbAation of
However, enbodj nents of the present invention are not

othsT frpicPRApCtoffentei®Bodi ment s of the present discl osure
' ude f [ ' ectronic structur
OBl i T BB oBafd 'l LBEAR TR O Dol pASHI R, sucn
asbyetchmgofurthheproktsssigr apedutnpadithenipporayatbeal to effect a
incorporated into the fahrjcation of other )
resdg%‘%‘gﬁlo‘@?@g%“r?vftéfa?ﬁ &F&%be? 0b% e Yecipprgplidiedwithenbesere.
dtfes, QPEREMNES dfithd ﬁ@lo%@@iﬂaci@ﬁﬁﬁ@iﬁoﬁ%&pss E%Bending on the

particular application, or support material composition, or capacitor fabrication
techniques, the supporting material 228 may, for example, be heated to change, e.g.,
reduce, the electrical conductivity properties of the support material. This processing
or curing of the supporting material to have higher resistivity properties may be
accomplished in one or more steps, all at one time, or in time-segregated processing

steps.
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as by etching, further processing, e.g., curing, of

the support material to effect a reduction in
wa@osdued2ovi ty as descri bed above, may be acconptT/sh®d9/001693

either before, during, or after any of the follow ng

itor fabrication steps. Depending on the )
@ngcyl ar A&ﬁ‘b‘ldilkgdpioé‘ﬁ or giorg HWGF@ A @‘ﬂlﬁ&n@, after openings are
| .
bt R oo CARAE bl RE LAY LAA Rl SORH BT cal Yy
kdating ¢he mipgort maetied ¢o at lbast B degreenC, nand st thant200 degrees C,
roperties of the support .material. This processing or

B Pt B e .o DBt bHERSr o s e7Per SogHvers iltstrated in
t'h@%l%v{/ﬁﬁgtﬂgu%ﬁ?%ctohﬁﬁsﬁ'&y Q&o%ﬁ%@bh@&qﬂofe%rﬂ%b%éﬁgms, the
nore steps, all at one tinme, or IN tinme-segregate

pacity sirpefusts elbestiaG@76 theModlomin figtres eredabicanal, @nd then the

articul ar .embodi nents,..after, openj ngs are .fornged, the
DBk P Earesrel srosmbe B fi e @aeoG N deresid pRove.
Acgvdial ity bie/otoReAbIYEIMERS, thel PR MBEALI B8 it Quifkcted to
| east 180 degrees C, but to | ess than 200 degrees C,
photorypprabardmen, HradéasionTed/endipesure tablericamagnetioffieldsan
ifor. .St [l ustr I e follown

R0 RACHEEA® Bedine BRALSH Bt Ped et R Pettecta
chabgedinhe tiectrichlecondpediitywhaticteristiey &Sthé bhppokt mheal 708,

@E follow ng figures are fabricated, and then the

0 Bor t - metePratkifled imrthe ad 96l appresiafe atconvensigaet ramsparnt,

n . - o n Q one. or

ST IHGRLE S Bon AR NG RN (CTRED M P for
feuning ¢hedpanngshnnatreobguatibledmitinthe Hentiggp@témaypdher
exposure tq . electromagnetic fields in addition to, or
FRPRARS BroI LD RS ORF Dised o HSes 1S angisy o the support
RAt6@41).t Ho®bi@Ct vall ol %Bﬂx%claﬁ:dtth%ﬂ aﬂ‘]@ Gl ﬁ(‘)tcaaguita‘tr)rlg maskiqg

conductivity characteristics o e support teria

tochgiquedorg polamenpiehs Kihhis etbw termpreeataret AWDI (atoappiset degsition)
. CONV i | . L.ranspar ent . g a phous, :

SFIFCHROThpHABT O Sk S BRSNS g coposica o

tahpedsigy 4530 derdh Y M&naﬁl@wnrb@)?nba&ioﬁ@an&féa%é E&Buration,

with the heating process having the tenperature

4B 0583 3RdY-oB ARG $8eld bersed ox tnreef the oxidd utreetlb@ for photo

petivity of the support material). However, it
r&?ﬂﬁ %e appreciated that a TCis not a suitable

[(08ZS}i ng t difure GUeisaatiagrapalayioBdrogt @ltiondl Weevdof @WFigure 2A
E@%peratu e ALD (atom c | ayer deposition) oxide m ght
WAl ROFEen Hik thownpd aprecestiph siage Rubssieant 1L thabosf Idesreckh A

REaSIORPS /ot
PREASORRS L8l chETBS 10 NGARRISBEE81 Gt s oo
vathiromgmoeircasg regom BROGobstchtd ] 1 skcthe Bmbodinghtd e igures 3A

Ry e, PR a0 A 38 o
3?%%3\322%2 6ﬁ {3‘4{3%3 ﬂ g t§@, g&fﬁ ,Etlgig\”a ra?vgg.ag’ X@%ﬁ?g@t%%g?ﬁectrically
cendugtive materinl 3efheanche akomogtmebwcanimsiicdad el allg24nductive
m%ﬂa%a?’,%@ & gorrslrr)]r(félem multiple layers of electrically conductive material. The
electrically conductive materials within material 360 can comprise any suitable
materials, including, for example, metal, metal compounds, and conductively-doped

silicon. For example, conductive material 360 may include titanium, titanium nitride,

platinum, tungsten, silicon, ruthenium, etc.
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within nmenory array region 314 of substrate 312. In
t he enbodi nents of Figures 3A and 3B, a conductive
woratoene@b4 360 is formed within openings 332, 3Bd1/USB89/001693
338, 340, 342, 344, 346, 348, 350, 352, 354, etc., as
r@lgé as within trench 356. El egt rically conductive
bial 366°UdMed8 ore RoMmsge rebadimestmBpaitions Af ernductive

ﬁb@ﬁhf3&ﬂ®1tﬂinQH@gf?kﬁqtiﬁéé(%n'ﬁ?érﬁénglyaalrra QL i8§§1&8£§¥’§é SShsidered to
mul tiple |ayers of electrically cgno%ctlve et eri al .
fpra cehtainer seagtings 6 thin thei apenimgs e Fominstanéd, Figurerd Aeshioads the

an- conpr.i.se_an it abl.e mat.erials, includin
[?Oo rlor:i;sx(gc r‘&?ln ,ctlr}/gtr%z%?l){ﬁé;églm AgBERines jaéla{)[,,}]ﬂ, 344 and 326
eprgpEidineloycod pRd sthiétufRB62F04, 8%8 Rk @68.C?H9U&H%i§gr structures

mat erial 360 may include titanium titaniumnitr
Gandeicqnsiflered iy inchide imndrisafaces 370 vethiin the ateoirg®@AOputer

' re enbodi pent ortions of
e B e e BFe AR BRE SR PRty
showayin cegfhanvidi, 4nd @RteR@ing Mgl SRt RattAAINM RARFRHDE B A

I%t ructures within the openings. For instance, Figure

QW eV NS TRAtERIE (R ShoMLBHEI be Forenadehen b OBETsETaces 372
M sDHFbrORERIANS S840, 342, 344 and 346 corresponding to
contal ner structures 362, 364, 366 and 368. The

[6880]ai ner Ataoudingtesneanmbe anbsiitentdbdrioh et doductive

[ f 37 ithin th [ d t
rudlrrs Rl mBoThapints P yrcspssed ito ccRoran elecesd. docasample, a
c Bﬁ:it‘é%t@fag%llﬁbﬁécQ%cé”rﬁ%g?}?,%oﬁmme 'n%é%?%ﬂ%@ﬁ?xbamﬁee %?{é‘& to as

ext endi ng al ong, support” materi al
CRpANEipE Electordeamateriale oT ad eapheitdr ssdragemodei mdttrible f or med
en out surfaces. 3 and _support materjal 328. i
BEEGT " acdbits fibedSERolgrehBs RO rente hperiFaHS00 i
oaly $HOREUS paMRIIFEIIEspeingd6B 284 uhbi T9%t 6hy RO 344 346, 348, 350
i ncorporated into a capacitor electrode, for exanple,
3a2chfasict 6nd shusriages eanfeinertmotudésnyityin thoopkmitgsy eAlternatively,
i referred to,as capagitor el ectrode
oGRSt T el ALSE DE0L 0B ERRAR b B S
@8y, chm corhpleestp Gt the Bperdhgshtb Foiine pedXa® (¥ poBh) structures within
conductive material 360 is only shown to partially
the PRENBI8EN [I‘h@ straciyres foymeddagn cgndictigg matgid 366 dnjtheIpenings,
184 i , s faqrne.container .
L PP S R o B st SRR e BB GRS Bpacitor
sicarides;tsince theyt mey altirBa6ly kel ihbapoatdrigtotaphditors.
(g@ﬁ:gi natiqn with other conductive materials, can
[ | et el y84TF FAIRE GAREHNAGEC GOTSoreRtipnadiwispap! the Figure 3A
WRRS tpbrifd M@, o8 dphatpb 2 | b
for Tr?ed from conduact ips%&fqi%?%?@gf%%g@eﬁg—ﬁ@%%ﬁF%?A' A
plurdity of plectrisatlnteretuctve nodeuloeations 4peHRt AP4 sid 424 seeBown

; b f dt it t t . since_the
Wil HF e Rad e {a e ShPsita® 1 41l tbepmbrdistest of DB 4A-
4€] portiendd¥ doﬁd@ctﬁlﬂeaﬂétemamo%ut&&@éﬁo-op% ﬁ%gh QRal 434l €¥% Of38. 440,

q
the Figure 3A wafer portion 410 shown at a processing
443. 448, 443160t 43D 4OAattc ohreFegored, Svhichicreates discrete capacitor

structures (specifically, container structures) in the openings. The removing may be

accomplished by chemical-mechanical planarization (CMP), dry etch back, wet etch
back, etc. In the case of dry etch back, openings 432, 434, 436, 438, 440, 442, 444,
446, 448, 450, 452, 454, etc., and trench 456 may first be filled, e.g. with a resist, to
avoid removal of conductive material therein. CMP may avoid the additional resist

formation.
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plurality of electrically conductive node |ocations
420, 422, 424 and 426 are shown within nenory array
wo egvane2dd 4 of substrate 412. In the enbodi menPCDS2009/001693
Fi gures 4A- 4C, portions of conductive material 460
out si de of openings 432, 434, 436, 438, 440, 442, 444,
[0088] 448, ALBOXdim5@,0ngBd mase embogdimeenise Abshawn ighfighres 4A-4C,
creates discrete ca tor .stru [ ,
tl-@ dﬁ%‘% SWPG é)ixzﬁ?rééﬁ %5% I;]S ?,|t mtenﬁ(t)ﬁJaﬁlS'Ste&@Q&f rﬁd\&%{ell:i)é

eMBYdiRRNACHARPpresEIR (ﬂn\b:)/xtl@ﬂ ard kA kso Efitednareidertain pomons of the
pl anari zation (CVP)

dry et ch back, t etch
repagning gupprat @a@é\abﬁm OF EpmpEEio fb%g‘:ﬁ fﬂl@g oﬁ@g top@gﬁaphxcal
8 0 4,
Stéltlcgures gsﬁé 4}ée’ﬁ éihs%ﬁ%séodh Belot %ﬁg% r%éﬁec% @ﬂguf’e’é %A §éf'
[oo33} St , t Q\sas‘hewd in€ rgmm 4 4 C; dhreckpp ot enateriad |42&|rema1ns
thereln dgﬁthe addi ti onal r&;is%ﬁ{ h
OPRASIAE QP S[ue@m 4R L SRAP RGN HETUETS (FereaSe B SERTRRIS &
cgt’ft?l‘igxoé/iﬁxc'nggf h&UBs 4 A4 468NT Fi &FBIUA) NG\ cSARAY fo one or more
I a s not intentionally renoved. However,

erisbdistiames) irsF ighirets HeA-pCesmportimatenali4gR remaing @verspportion of

limted, and c a ort,jons of. the I SR
sty ey BTl b BREUbE R b D abe PRRI T B emRr,
s ﬁ%%hh@s RlaHstibepRl (ARCof Atjidear, odics suigsdesr 7bel ow

respect to Figures S5A- 5C) 0084] As shown in
[G08FUr es 4AMKB emlbmh@@ptmfrﬁlgmﬁ AAF4G, sapBoTE BRI 428 also

ng outer aces 472 of
gﬁ&aﬁpﬂ%éggegﬁé ala pergy eral il Teglo Petﬂ§ @‘ﬁ?e?g{n %)anag be taken, as
n%&fsk’e@? Ub§totd&dupfit makhfal am@l o#&egibn Bil §ané/odpripheral region
According to one or nore enbodinents, in Fig

443 Sach potstien matdepprd om »@ethehal WaeTHHPPOH %Frtlfiﬁ & 8of
uglﬁ%rggé/s AL g%é”’ng% e} %tf]ical’?&%ﬁ%&rt%?raihgl}afgﬁgt%sgder@grﬁr%efanas};)ove
[00860r al WEddductive mdueaalectﬁq assodiated swithfiadiesiua¥ Gontfip&8Shown

In the enbodi nent of Fi es 4A-4C, ort materi al
i g embeg MERA LSRRt ATRGPOR U oEh AT BORTEN Gl g i 0 be
E§ fS&ieYont E1a Al
e B S 5
dtix&nsqah @ratiousty inorterddd 360 @lohe pr oteeottiioationayithdefhenepnsctive
er or_ whe ort r i.al under the

r‘?g%)@i%b‘? ’c“stﬂ% Isgzg{érqf@aq & ﬂdﬂ%fﬁ‘%‘?ftvl% agtg\% PhgvLshapg of a
Cgﬁéﬁkﬁbed above. [0086] Conductive material 460
assocl ated with individual containers shown in the
[emﬂjdu mentAafording tr ere omna@ m@dlmh@s @ﬁ&]@@r@ﬁenhﬁlsclosure the

E{? e axg?r@ﬁ gylt}a%%)pﬁg{;s Bi S\%p(? ytmqglréﬁ{ﬁ AL reergithlgéfﬁéftes me point in

the EBricAforhroEats SAd thiL M eidilgthe HBé(Eﬂblraﬂno%ﬂle(sabpme m}aterlal
in conbination with other conducti v}g terial S&F g
wlncln h@g@hafbéfeowe@r@éﬁd SEPRING Myt SRR ObEMRY e FePPort
fin@o! n D98 ALLOS Hpichi®oORE OF
rla %B%&?dr?@n sog’?%lﬁg &{Hggén? gglécl osur eﬂwtche
11/971 138, entitled, “Capacitor Formmg Methods”, having common mventorshlp,

a

filed 1/08/2008. The reader will appreciate certain advantages and efficiency can be
gained by the methods of the present disclosure over techniques which involve
removing the support material.

[0088] Often, high aspect ratio structures, such as shown in the Figures, are

provided with retaining structures to reduce toppling during processing. For
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el ectrical conductivity properties of support materi al
428 are reduced at sone point in the fabrication

w@er@odse)4 and t hus, avoi ding the need to renpveCT/Nig2009/001693
support material which mght require wet or dry

stri ing. An exanpl e of renoving,the support eri al.
sinsoliggg,\metgﬁédng ﬁt%grgé AT THY ,Sh%%hﬁr%rfybl&%%yg Cleggé accofémg to

k%v?tlrxnlt C rtlii og%no. 11/971, 138, entitled, -"Capacitor
eﬁg NE 10ds"”, having conmon inventorship, filed
[00'89B/ 2008 Figthe Sndaddiagrathinatippresisatéormeriea of the Figure 4A
advant ages and efficiency can be\g%ai ned bm%get Il%dsA
wafer pREIQsy HYeHho Wai &k 8 PERIGEEN D YaEe BEChRMGL Ak cHEure *4-
pLu?aYlﬁgr %P efe@{PRng‘f Bor MBS PR locATRInE 508/ 520 99881d $34 &8.shown
I gh” aspect r h

I 0 structures, suc as s omn I n the
whihgLimemorpdeaypregitnddd ofistibstrage 51 i Inghs embediareas of Bigures SA-

duce topplin ' i ng. Forsimplicity, ...
5ot dieciit Beteniot opbaniy SGEne Belisriabs 2 A hftedin
ogikﬁ#%kd?@d%&%@! 1R 500 kW44 exlans 4818S0, 00854, Jd.gur e

lagrammatic, cross-sectional view of the
(enduatiyedratevadl S60 pé the @pad g cohieiner atruciurss serbarefyyred toasa

t age bsequent to that.of Fi [y
(e n iy Bt BT 4G tBleBhb g fleond
cAMit5RE e @ RleS NBWRaMiCi(D BleBREAYS)s 66Taha 74 aigaher5aith dfelectric

substrate 512. In the enbodi nent of Fi gures 5A- 5C, )
noliteriad 672 forman armen of SARCHAIGSIBICEBPY 10E4 %é ﬁé@éﬂi agg@‘ffﬁhm the

y ot . o =
B i
Tgi@fogér%iags, ttler vstmﬁr?@na;sm are showh ai pl;amt«sn rvgnw ur BigueeatC to
e referre 0O as a I.rs capacgl t el ecLrode,. an
AR e A A I /Ry o Wb
tGARRAG c%é%ﬁgor?§ %e?%ﬁ%in@? g% ; RBfs! {194 totleanideRERR thOOnaRErative

, tog I e Ic material 572, form an
eafbodima@nts thapapdcitors hralrother meslestls@padBes, i8662n aprdpBEsgthe

Wi thin the arr f openi ngs 532 .. b36. 538 5
dlgeirSumateriss inpbthe Bt a3 madgpl S3d exiine i ydestls of
riﬂ_ﬁ&%ﬂ%b with trench 556, are shown in phantom view in

igure 5C to indicate that such are bel ow conductive
[60904r i al S¥etording heomshavnongi esvbodinenBagitional RefEqws of the

capacitors are contajner .,capaci i IS
FeR R DBROT T 2b P 4 OO kbR bl pushif. B 532, 534
538Ps, ban Ssa0anaalsae, H, pedesabsaapacindarechje.g, S5Ganve been

conprise the dielectric material 572 and the )
foumeiisc Fovexample ceeingpatianstod teR 1aan e SePRoEdRaeHp S Frmay be
mat erjal 560. [0090 r di{ng e Qlin B Srinheral region
EBEHH R Pt ey ENAC ot RObk o fipdin B feripheca regi
8P RECcbrdi®d @ dndlor pde BRpobiendntsypuaibnabf dre relaining support
openi néis, e.g., 532, 534, 536, 538, 540, 5%, 51;44 .
Baerialsz8 mayse regmyed Qg@;e %qdc(_or, after dleP‘Ps_étl‘th?“ :5%1_21 ,10%. £ Via
@ﬁl\lseopg Rfbyelr Qéﬁ§ﬂor céfpﬁlaf:éx@.gl?lc ndicEivE BlaferRPBE0,20 For@d double-
e’renal ni ng support” naterial 528 may be
sided containers. The portions of the remaining support material 528 may be removed
in one or more removal steps. Thereafter, a dielectric, e.g., dielectric material 572,
and an upper cell plate, e.g., conductive material 574, may be deposited so as to wrap
around both sides of the double-sided container. One skilled in the art will appreciate
that support material, e.g., 528, may still be left intact in the peripheral region 518 (as

shown in Figures 5A-5B) to facilitate further circuit integration features. Fabrication
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renmoved over the nmenory array region 514, but |eft

intact in the peripheral region 518. According to one
woromne@oenbodi nents, portions of the remai ni NECHUROY/001693

mat eri al 528 may be renoved before and/or after

dgosntjon and isaolation e.g., via CWP, of a | ower
g zggqﬂaleéqr sérélptur?)psdp%a d@u@le s@g?grq:@g@mepgs rather illastrged in Figures

5 form doubl esi ded containers. The portions of the
remai ni ng support material 528 may be renpved in one
H09%br e r eRipuad 6 & piagraffirattatios-sediodheliewtotiaGvater ghrtion
%}electrlc materjal 572, and an er cell plate,

Y Al e RRRRSHIG Slafe PISF ATNS Yoihagh M ure febBB in eabedmsst

In@lu‘&ﬁr%pfo%ﬁ’t%ﬁom{erbr%ﬁgﬁo le! s%d%%HHr%ré' IQZ)CI a lté/% hat

container. One skilled in the art
@}qﬁpgﬂty eraduetivel node logatio59620, 689, 6A4i dnld 6@6 dref;}ﬁoW*ntvahtn

oL LR S BB B LS cndrsnd, o

eRiply G8ed foblbdih&at iQAMouBl eCRRAI int UG b DI A6 Site a

doubl e-si ded contarner is further illustrated in

$BPati s strctgre ‘["0@9@@@@@‘? surface area, thivagnabtimgtdrester capacitance in
FLASsgsegLional view of a wafer portion shown at a
prlo%ess\?i% stage subsequent to that of Figure 2A of an

[@692)di ment Ak almdmdimlggﬁ&rmtpo@ﬂibrpéf tﬁ@@u;?f ortMhtRrial 628 e.g.,
doubl e-si ded cont ai ners. pluralit el ectricall

REOWERIAneDInEs 6de and) é‘é‘lall%ﬁ‘én%@d to ezlgsweslziﬁp&n dosampieto provide
a?l@&’lﬁﬂe W&rhhl?bdg‘?ﬁaﬁr%éﬁ% (vm/ch\rM o??n gg‘ﬁo ai’l e tcrr?ﬁ{a%erfeg Iséuctures

one ski l e art érstan
agé U@dg domteditnechieee desjred ddpnshthcﬁr &kteiddtieahadion & acd¥Bnodate

d to.fabricat pacitor structure with
Caﬁél&sgﬁu%‘r aa\tf%at‘é‘iﬁ’faé’gé’ré? gght Afiptler PresETiIRg CosEAINS:
[0093Ci t aNCK chAdiRtiSE H&k&ﬂ 80 %Eforth OPWathir B eﬁli}%atb ”642 644,

Figure 6, a portion of the support nateri
tét sleeps Wp]é H M@@lrﬁﬁt@lcalﬁﬁ66ZE4¢ct1rl®lhyedead1vfe0nﬁeldﬁ856DQﬁn be a

hg?rfe%) neou%?rgxﬁg nﬁ%n 8% aﬁgtilggl gctﬁﬁégteggfﬁ%agggfr golﬂr]r?prlse

nsiltipletlafeeso el ecthedR0onaidrped rhé’ceﬁ&ﬂh@%ﬁs d&R1ibEf above with
deposition djstribution, and/or to accommbdate certain

regardiciosPaiugtivamaterial 38Adn eenjimetionghith Biguatshigrand 3B).
essin I A conduct j

RSt e S BisatP gt R oHoirs o bR ghaing o

inedlede, thasirstatiditiagalwe b al dftRNAUIPpEAGnat&hBGLB ibefrt Yorming the

1ccondﬁ ’lve material 660 can be a honpbgeneous
LS 5po S1AS 518 ,oeflec‘ép%aéltyrqoggwty edpigidtoPe This gen alay B8@ptional in

C&&alﬁ bricRiibH l%‘éeé;&’% %H’/Io? ﬁé@xgé‘:%"?’%ﬁg%%ég ! f’ﬁlus fyl?,'cordmg to one

conductive terla
or myag elsbedmenisdthct firseadiditi@ral a8m 360 of fhetsﬁﬁpdiﬂﬁiat@ﬁl 828 Rwhich

ﬁj %ur fs ﬁAangh % %1009f4%ji Enbodi msnt s of the present

RVBND! TSRV dhnBrtiFg! fttace 476e prwhifd destricrdirpadustere material

660 il baddinsdcORhin/ BRI 693 awm #hAfdegmat erial 628

bef ore form ng t first cell e. g.
[@9%8ttric awcyomt@cmewe mat embadm&ﬁ‘n@s ptiions of emdmgivbe
m%Petrfangd Wlltﬂln the openings in memory array region 614 can be considered to
form one or more container structures, and/or one or more double-sided container
structures within the openings. For instance, Figure 6 shows the portions of
conductive material 660 within openings 640 and 646 corresponding to container

structures 662 and 668, and within openings 642 and 644 corresponding to a double-
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certain fabrication processes, and/or capacitor
configurations. Thus, according to one or nore
werdodesrent s, this first additional renoval of P€h®ES2009/001693
support material 628, which effectively reduces the
vertical surface area on which electrically conductive
sidad eentaineBBOICHESS - $6? ARSI BOT shwn BdAWISds tGhO sufsgquently
4 to one or nore
faGD %atgd%ro%?%&tg% ltgl%gﬁ% é&%gnéidé 6{8?\/6 mat eri al 660
[w%!pu nt he\lf}@agh ngs doublesided woamimey stregues aftlshoparbelye
considered to formong or gﬁ?re contai ner str

RRGPSH 1B RIEUBFS by G GBS &1 Ao "EOH o8 G PSP TN 84 may

11\@115({%' eﬁll ﬁ}b%p §PEMSiner RluctRsd @H‘f ﬁumgéxgd'fr ®ublesfi@wScdnfdner
porti o conductive material” 660 w t hin openi ngs

sﬁdcﬁumm,chnﬁ!tﬁ aapnnmbpooitach it corobimkadmeAltboughdiaih simeesided

eni ngs, 642 .an ofre on|

g e e RSPt oE SRR Pespp A P abic e GERRERG Mfures
68§ CrbRaMkenit o fthe MR nBon bR 1R s6 URSRAUATI] hemdby heat fdy be

from cont ai ner structures 664 and 668. [ 0096] Alt hough
formeddusing exchistely domieasided canaciten Yrstires surspiasd beiadgench,
fabrlc?ted in Figures 6-8, enbodi nents of the

H¥P%n are not so limted, and may include any

Cil}g"?ger of "I(h@rbbﬁtaﬂﬁ:‘f sEtdtukk Ulheﬁldm@l’thos&uﬁhamllaﬂtimatelv be

doubl e- si ded contai ner structures, and/or, any eéﬁ]@ner

fai:rnce@dnnﬁordoabwqum GOBFRING| SEMEUES S5t b @nﬁ’gile@dstp

ubI d

s 870 i SR ULBAREL ol L6 UIER26P BRAMY ARIGRG o he inner
sum@@tsr/onmé eutaOburares 67 t@dactand eatene uhmg sapp(aymaapal 628.
be formed using _ excl usi gg bl e- si ge capaci tof 672
Hawayer, @thes m%m%(maé@%% P b tagmey FIEERpp & Surtaces

Y | 4 HeaREedd %@u&ﬁaéf
aLQP‘I?J}JO tr}ﬂ%tgfx %ﬁbﬁcgg%lﬁ%g %@%nr?gﬁgoub l'e-sid
condhicsgive efateial 66O maemltlmamlmbe moopotdedigta @camltwd@lectrode for

f 670
cxibleca Smsnon 4B PoF nitaeat 6 e det K2 es
AelBrairddl$, &%ﬁﬁ&lv%%ﬁt@ﬁﬁ%@zga}ﬁﬂ% BE tefanéel ©xdseagacdiopBctrode

support material 628. However, other materials (not
Mm;oms@hpadﬁerﬁtormdlodémﬁé@w outer surfaces 672 and

GBS o BRIy Bt B o

t&!phrtiaRy @i'll)/oﬂéﬁmlgﬁl 600,52t 4] 6461 @ic dasdhas fdrals the ecrttamde

for exanple, a capacitor storage node (as is

strnetuquguﬂe@, therepenings| SWpmatiyelyr evndyrive @6??616@ tygither alone or
[ I

in F%@hno o g/(i)ttl'lé'ﬂ‘??{egl% ﬁ@uc?@g [&%&g&g?%g{l ng?%lreg&qg ﬁgl th@bpenings to

fomh pededtal (dr@fo8Hstrheruted @’Vlﬂﬁbddi openingef The gtlmucztul@s formed from

conductive material 660 is anly shown to ﬁﬂtlalll%/ 1

cpngluctiyp apateriad 664an theppenings, 1-egABe CURRNET SR FLY HGPHR

Hﬂ?tu?e%néa%' errefe?xteﬁl{S LUESRcHbL Qfd&tdr&e sREMeRGBay ultimately be

fna y, conductive material 660, either al one
in¢orporated into capacitors.

[0099] Figure 7 is a diagrammatic, cross-sectional view of a wafer portion
shown at a processing stage subsequent to that of Figure 6 of an embodiment
including further processing towards formation of double-sided container structures,
i.e., having not only the inner surfaces 770, but also at least one outer surface 772 of a
container structure configured such that conductive material 760 may be formed

thereon. A plurality of electrically conductive node locations 720, 722, 724 and 726
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in conmbination wth other conductive materials, can
conpletely fill the openings to form pedestal (or
w@oaw)i2@bs uct ures within the openings. The strBCT/USES9/001693
formed from conductive material 660 in the openings,
the contai ner structures or_ pedestal structures,

g Shiun MG} PERORbAHeY teaiscl Kicht Substiate 11sOned Mesondayive
ﬁ’iﬁﬁérﬂdi jdomi&liy f(gﬁle'd rb(fl(’tfl@ ﬁ%ﬁqnétgltlgl & gp 358 ts%@n il g %%igé 6, for

Figure 7 1s a di agranmmmat | cross-sécti’ona

¢eah epntpmet storctisRpeg., 362 é]6pr Do a8d 168 Sthag@p%btbﬁﬁqﬁﬂﬁné&
i ncl udi ng further

t o that odi ment

Pt fesSy Gt i BR ‘ot ee Saqwbtn aned!. ot
S et A 0 01 e 0 25 7
@bﬁﬁafﬁ@ﬁmscwﬁmmUr@SBﬁhﬁﬂgﬁ%ed such that conductive

rial 7 rmed th lurality of
@?e trical 9“%8%&€f éﬁﬁgﬂﬁgfégﬁfpgﬁgf “??%WO?ZEMBHMIS
ainetl B2 e mee tBdI3Wis ks deldi aB o Ve S (Ve ch E&wcﬁ&girp&néﬁé‘u&{v As one
Eiiglbstrate 712. Once the conductive material 760 |ayer

leddp thecprbwill prprecipigorrening 43 mpy be fcgmed@z&gsmi\m:h or dry

t L.
G fues An RGNS be BRPLYETo gt il ot he
soppdraimetiabatrthe titfedsis Hethgathotbd The fRAMYESK AenflOM3 exposes

in Figure 7, for_exanple by form ng another opening
PG YUt SsEAeRRBT b oA R S AINII667 85 rssyred above,

tﬁ’é u%ﬁb@r‘téﬁonﬁﬁét%ﬁﬂﬁt@ﬁaﬂ% 1@){ S Zl%? or[rgé? %t %)SP ] ?lgorter

may be formed either befo
VmitC@l' dimension chansitie bynddneve‘retammis 760 BanySSfednﬁb@i/ &rf@bjacent to,

b Bl B SRS Y 250 LSO L

strattOeEsWWBD afll 984, £ BdtWeeRl@Rtailc? %HG&G%@ 966 3@ hEs.
others), as may be appropriate to the conductivity of

[OHY] supportiiguraiBes  diaggammatic,tdross- settmrsil bieinef a eafay polrtion

<L\ AL Bl MBS PR B TP BP0 L3t AR bebimens

il sding f@thatib®vEond &efnummtsl@éh canangt] weplamlief bal
760. | ayers_may, or not, be of a shorter vert’ica

elfeiricAlY GnRHYE notls loghiinne 8208 37a B2 had 876 @recishgen svithin
h upport materia

“ﬁﬁ&ﬁzgﬁggt efl%%% alﬁé?&g }%cgﬁgggggtoﬁneOBEF%%@ﬂbomnmn“ a

dtavtrad meterigt 8 12candr esond6tivantdatéfidl 8 Ande Bmwasfithin opemngs 840,

t 766 d 768. [0101] F
S Rk 16, 1. 5B vep e 10D oG o mSubReIedopbItiven
RN 864 la?elpl'icﬁffn@ﬁ'@ %@@ §51u %Uiﬁ \Irg 8t haL d?glectrlc

Figure 7 an enbo i hc ti on of “one
mgferiabf é @mi,l@néusﬂl‘cbetdawnmlt S g GTAS be tbrpied ro&blt thy réhaining exposed
conduct i e nod

| 82
RO SR b, 0 28 S
miitdpial 87 endBaldondeG Ry ﬁ'ai%ﬁai 870 GeRlard 1Y, n?mSE'JRPQl IE'&‘F&E?

dielectric material 872 and a Conductive nater
opgnngsoinghiding davible-sigeh¢ongain@4gpenings. However, embodiments of the

present disclosure are not so limited, and according one or more embodiments, the
dielectric material 872 and a conductive material 874 layers are not extended over the
exposed top portions of remaining support material 828 between openings of one or
more containers.

[0102] Conductive material 860 of the capacitor container structures can be

referred to as a first capacitor electrode, and conductive material 874 can be referred
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842, 843, 844, 846, etc., including over the top of

t he unsupported conductive material 860 |ayer bounding
wop@nilngoB843, as shown in Figure 8. The di el ecP€T/TS2009/001693

mat erial 872 and conductive material 874 may be forned

over the remainin xposed top portions of remaining
 Aspoteconheapatisir &8 ofles Thhomariteuebetrduas 860 end 874 together

I te conductlv mat er |
R R P R o L T S
a@wzﬁtﬁmpéﬁmgmtaam@e vARBAbP&SR kbmvlarfonﬁ 6‘%9%@?81* Fouble-
of the present disclosure are no % so limted
%lé%fb?adliaﬁléorcﬁﬁécwe%ge 8epvgtiimepenings §@ mde%éctm wnhm

d erlal I ar e
not teggl g g %ZQ 8g€ef@t gé}giﬁ%osé%nt 0P TIPS K g trS% in Figure'8

mehde capegitetsfponéd ushecomain82drueaireea QPRI foreied R
[0102] Conductive material 860 of

(? o %ont ai ners.
ity ecaﬁs PRBHINBGIUS e ltéﬁ FURS Wrdessteerhthgiinaiegative ¢gmbgdiments
e vﬁrl&'ﬁ & a&ﬁ)@@gdnt 850 @é BEdeS A Eapatiichs On AL tc'o}ﬁ ng? fhe dielectric

mat eri al 74 can be referredto as a secon
wpigtel HPeandThe coappative mateelab814 exdtesdifsdroand p8(Ye4;tals of material
$ ether with dielectric naterial 872 therebetween,

orm nunber of capacitor structures, e.g., 862 wthin

[opesl ng 84QcaREinB88 oné Bhin@r@é}ﬁl%dl&eﬁé%f tl?énﬁ’regé?wrt Hls@lé)ggre

nunber of doubl esi ded capacitor structures,

WoseuAnigp éh sheyesiescribed egaddng 86ionuphom rr(aptarml ngaomsteps any
R Pl NP8 S2ETERY B oGBS AR iots b R tbove

tsteffucttanreesamdn@aﬂ@cdtmw h{ HiOBAnms 13612664 BEGresh A8l rete
cont.ai ner structures is to be understood that in

CIPRGIOE ST YU H B h?e%@h@\fﬁ% withgy r@u@vmpﬁa@u replasing dlre sipport
rﬁﬁeﬁﬁqﬁ&ﬁ & fo?rﬂg)?) ‘n&%% the goqtﬁlﬁgpst r ol Mé&r ?1g1ed container

dielectric mat e con
sBrdtuecst dfdvavgr, anthodimgeasefthalpseseht dl’BdlSidr@breerﬁ)@ so [i@4€R3] For
ACCO{dI%%(}O one or nore enbodi nents of the present

ArOPIC ALPEIING %%f&?}éﬂ?r%%lhwgn%é\ﬁ@pa% arataiEd mep dei cvged by

tRORe@Iods HREBsEd FRHR @kfe&t%ﬁ@étl ﬁQ%nd@ch/btg%gﬁol Nyl Whort

support material, e.g., e cure

m@m@d@gd /3% usElgdrea'/o (DS/EmCD/eéfté ﬁn‘tn an opaitgy, eQ@N 748 in Figure 7, as
manner, isol ati on between

gﬁgPQe (%gébP@F“§?4 BhceliPs may be achi eved wi t hout
[OHW}VI ng aﬁ'(kd:ofcﬁﬂé LRSS the R tEIkRlor Qgﬁ&ufeg may be

f orm openi ngs for the container structures
UsIng ab@ﬁhlaqu\@rassitemdxed rabgye WMoheespect to capacitor

SFIEOEL TPOL SRl N BLERERLE B SEVTRAER RO, and other
vemamrmmuraon@uamﬁsttorramgu@hoﬂwm%e%bﬁgat@df el tched, into a

ods di scussed above to effect a reduction in
C%(iﬂ?a&? PRAPCY TRRFDRle Wainhpe pebshatastly airocessed. to effzet 4 ¢pnductivity

chAdns a%progﬁatEfg g% gglb c%r%glf Rqegﬁen%other 9t bther gewces The

Fi gure S|de cont ar ner
réadbr wdhappmmlate the transistor dev1ces and capacitor structures formed in

accordance with the methodology described herein can be incorporated together into
an array of memory cells, e.g., DRAM cells, SRAM cells, SDRAM cells, among
others suitable high aspect ratio (HAR) uses. Embodiments of the present invention

are not so limited.
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[0104] According to one or nore enbodi ments,
transi stor structures may be fornmed using simlar
wo ewbneoes as descri bed above with respect toPCT/US2009/001693
capacitor structures. For exanple fin structures,
e.g., for fin MOSFETs, fin FETs, and other vertical
and horizontal transi st o FONHUSIAML i ons, may be

a0 ey pfsen o S e P BRGNS RYS PLRBE Lo ppec

mﬂndH@tR)wtmymmaﬁge comaapp OpRmAh&d ¥mbsdihheinseBs a capacitor
e anot her or ot her devices. The

t ructur fr
é‘é‘&@rm T‘ ’Eg‘ﬁﬁé PTHIBE ap ﬁl@CtrrCaHx cer@ictiye yirnest mafgrial over a
%%&bt@hﬁltggeg% lglg éfl t fert%ﬁeggfpggH%atg\ﬁetﬂq%ghe substrate

met hodol ogy I'n can ncor por at
wheye theesuppot (macrledlhaay t}nékmaesmkythe @pbsing Bagan adP&Matio of at

ceI I M cells, am)ng ot hers suitable
57 %6 &s‘% tﬁf‘a{*ﬁ ‘g‘nf )i SURPOrTAHETR nehies formipgéhe opening, the
rﬁétﬁs@ iclide¥ EsHnliRR a BESachBt st%&tl!lr% %Bﬁﬁl@%h@tg‘t\é &%ng]support

The present di scTosure iIncludes net apaci tors,
THAET iR lgﬁh%@mﬁ@mg r et roethpidR)clates efectiress pleasg change to the support -

AR IR L L8 R

[Ob@ﬁjuct i VeAmarg(hrsEeéIﬁb efiballinaHes h@«e%él@ﬁnhﬁhﬁﬁedfaﬂa '&k&glbed
an .op Enl ng. t hrou at | east the support materi al
herfdng R ‘é‘n\%ﬁ{eﬁkél trle stippdrapprestats that arhasargement calculated

tB REGENESS js_grﬁg {]snﬁs Qzﬁneﬂlelt ﬂ.\%djﬁ‘l%d%%&ﬂl sﬁ)gt glrﬁ %tH%JI%filmen s shown.

| east 20: ness
Thag dis¢lafure A nendédtondavgr Adupta2joal b Garididas BESMOGE more

cl,udes f n1n aC|tor structure contacting the
R s oA R ave. kisior b irderstand thigaht Agaverne

deBdripBidn 'hﬁ§5é€iilerﬁa(fef ﬁleaﬁtlll Gra8ivR RARfOC BN I e{r%sttr]g %8 A%

support material wth e supp ort ﬁater ial con
Combipatim @Bh%@}%vc&nﬁmdlmtﬁrﬁﬂ,@ﬁ]i oﬁietr lemibglinsqpechdti spemﬁcally
descri bed

nts ve been il | ustr d
AR B D w7086 PTG 1 R aionRY e wing the above
dagpiptichaTBe bdvdle oAMhASHARNIRHR r&nkﬁ)ﬁhﬁéﬁ@t)?@% g)QCS@ﬁMIEMSSUYG
the sanme results can be substituted fo spec

inghyrlsqiothen erplicagams inTwhigh &iesahoas strecties and eretheds e used.

[ [ varla e or
T‘fl%?%ﬁatrgggéo%te o‘?%ﬁe E’ more e qf&fg pr|e§eqnglspg)sBr§ should be
damdnmsﬁandn%ﬁwmxkh@ﬂ@b@M@ndﬁﬁﬂ&h@tM@HgQ@itﬁ@ﬁﬂlﬂﬁ%@of“

an illustrative fashion, and not a restrictive one.

cRYNHPMALS Bhihrsuehelagpoee cafidedli nent s, and ot her
(EEpdi Mengs t}{é%r%eﬁmg Iﬁi’tg"i‘%c{ %es%?%ﬁon b%gle %t%{:eg\?\lyee%ollfaed

apparent to tho
totgaéleabml gnglesartiodirhan forTthe patgope oﬁitrdahﬂm(iﬂgi‘th@ Idid¥™sBre. This

|§ lﬂs? of. the esent di_.scl osure includes other
ESITIRuTe i Pgkiods IPREPTalSe de ralldcting an dxentien et hods

d@él@séaﬁ&ﬂlbodm@ﬁ@fo@ B preddft §50B&EH
enbodi nent s of 6¥esent |sgPogﬁ$§lgﬁgﬂﬁg?%nuﬁmthmlme
exfuesshhieadel wqahh pkafner ather tay thdfollappendeiin Clefle o inventive
su%lject gane Pes lnqess lfhan alﬁx%gtures of a single disclosed embodiment. Thus,
the following claims are hereby incorporated into the Detailed Description, with each

claim standing on its own as a separate embodiment.
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equi valents to which such clains are entitled. [0107]
In the foregoing Detail ed Description, sone features
waec@genped together in a single enbodi ment fBECTUEE09/001693

pur pose of stream ining the disclosure. This nethod of

di sclosure is not to be interpreted as reflecting an
What istcdaifriedds’t hat t he di scl osed enbodi nents of the

pr s -] ‘& nore features than are
L. exgrcggé?‘$r?§%@?§ﬁtﬁ§$&é ailm Rather, as the

f oFdredban eleetiinslly edridactive supperimateria wvpee subsieteethe support

lies in | ess tha£1 aw fEat.ures of a single disclosed
mateé‘l%b%‘?iﬁ%ﬁ‘tg.atﬁﬁ‘ﬁfs,s FHECHBPPoni ng cl ai ms are her eby

' ”?&hﬁﬁ’% & 8kt Ard i} J09dB1 hedupyCmbRtial fhe dpenthgidsing an

claimstanding on its owmn as a separate _
aspeetmbtidiofrenieasiBALl wighiolaghivkdessof the suppedpaieriadr f or ni ng

nmet hod. conprj sing. form ng an el ' c j PN

SuBRS e RERPT arTiver Shespl e BR iRl (A Gt Rion in
condi@ii@ty;ahdcont ai ning at |east 25 at% carbon; form ng an

openi ng through at |east the support material, the

op&rnnng A agnasonsirusipe st theapesingf at | east 20:1 within

a thickness of the support nmaterial; after formng the

?gj{i}'(e: {ﬂ%th&ir ¥ P%ﬁe’?&tr@h@%gg\tofd TRUGddsfreb @n & He864udion in

on 1 n conductivity; ormng a capacitor
condalefiVigy tif the istiprionemateseini nghea?ing Tiresuppb i aokterfial ¢ approtimately 180
wherei n the net hod 'ln udes effecting the reduction in
degreesidelsivs (ortapPIar IMAE s P Sat eri al by heating the
support material to approxi mately 180 degrees Cel sius

3. fornapRieed 48h %lng 030 oNERHLESD, FherbhetheRhdined Aslides affycting

one of clains 1-2, wherein the nethod includes

the refii@ivniingondustivisy by heaing the seprpucpigriah o iempataiyg at tast 180
oesREFESks h BH8) Pl STRTLBL iy Bl 3t oo

approximately 30 minutes. 4. The nmethod as in any one
4. of TokahdiBodlasdin anheneonclahes Bt hbdreimtleunabodffcbeies affecting
the reduction in conductivity to the support terial
the rgdigipngnsepdctivind BeisgRporbmatesial Heips 85&8’% Ir3figilp- one
of clainms 1-4, wherein the nethod includes effecting
5.1 h.efhre%q#ﬁtgd iy a'ﬂz%‘ﬂ.@ deefaiid 1 ¥, WRelPIRURAAGA idERIdRE bffbcting
usi ng el ectromaghetic field exposure. 6. The nethod as
the feu@ivn iarendictivitaitortie kupporntneteziahusihg eksapporgnaistiald al
contains at |least 50 at% carbon. 7. The nethod as in .
CXPHF-one of clains 1-6, wherein the carbon is prinmarily
in the formof an electrically conductive, carbon

6. DackROR&nPhY By one of claims 1-5, wherein the support material contains at

least 50 at% carbon.

7. The method as in any one of claims 1-6, wherein the carbon is primarily in the

form of an electrically conductive, carbon backbone polymer.

8. The method of claim 7, wherein the support material is a mixture of the

conductive polymer and a polymeric carrier matrix.

9. The method of claim 8, wherein processing the support material causes a
microphase separation of the conductive polymer and the carrier matrix polymer into

separate micelles.
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8. The nethod of claim7, wherein the support nateri al

is a mxture of the conductive polynmer and a polyneric
wa@aswites204rat ri x. 9. The nethod of claim8, whePer/nS2009/001693

processing the support material causes a microphase

separation of the conductive polyner and the carr

10. el megisiiven anooe SEHaRER GONTBUFULe SUPPOTHEAREENGsits of
fromn%}ogp ?? Pcy abdaf7¢ %t"/CI a]ooabs WRELE s Bf‘ﬁitx%?,@rp Q)‘S(Sf§eré, sulfur,

consi s om about 55 to abou
met28MaBeRemiaalk, mdahdvaaihdshydfogant r ogen, oxygen,
suI fur, nmetals, and sem netals, and the renni nder

ydrogen. 11. The net d. as. iip apny o of ¢ .
11, ahdbamiodesdnapspre fbteivsl - Psohus oy Star iy’ fon-
Crysfghglerret hod as in any one of clains 1-1 1, wherein the
support material consists of anorphous car bon
i nternmedi at e carbon, transparent carbon,
12. coﬁ’rhe mathashastihene ofie of gaimmh kL ewhergindde praﬁslma‘ﬁ@alo@fonsms of

Bt USRI B e ARG ot

in any one of clains 1-13, wherein the opening is
13. f oM dheddy/astifragy @he bhelainppd 2 wheesr thalsuppit matesial further
method as in _any _one of clains 1-14, wherein formng
comprigesgiiaHrmgndersiiceas anlsotroplcally etching the
support material. 16. The nethod of claim 15 wherein

th SRy %@élraﬁngﬁn@r@ha@ o theBpanigass formed only
14 o%lggﬁq'!t?}ll%aéégnt Zu RI ng O al ong vvlth1 SO raspsl 4, N2, or

throhP BebsEyporvmatesiak and y are integers fromO to 4 and
the sum of x and y equals 4. 17 The nmethod as in any

rein 4h 0
15. for eﬁﬁet{a iﬁ%scl&?&yt%g\r%? P ro1 Iten] %as?%tﬁg%gﬁ% gomprises
amsHﬁBﬁEél stchiRg t1RPRPHOY nikddtialg an aspect ratio of at

|l east Z20:1 within a thickness of the support material;
form ng a conductive cell

pl ate | aye |ntheo n
16. andheangbyhe! St bASR BRI b s e S (o a gas
L QU Dk Bers ixded
co B B B N e e e ey are
integate froe00 cud tind thecsatr ofpt aicey E@yedy 4.0or processing t he
support material to effect a reduction in

uct i 18. Ac an r. form
7. Conta st % brasgeat AR Fo SRR ABRY inclydey
C ONEHAink & eSdHIRYehingBhRubAlat RuGIthasppostmateal, tH&erenm g
support material containing at | east 50 at % carbon,

havwlgl aptaspest patiomdrat laast 20:1 methime thigfneanoldhe éFIPHOétaIFIPS‘F“aI
uct i ve a otropically
i e S AR P S e
matefioaingta Idakespdrsibh af e support material between the openings to form
a double-sided container structure before forming a dielectric layer over conductive cell

plate layer or processing the support material to effect a reduction in conductivity.

18. A capacitor forming method comprising:

forming a non-crystalline, electrically conductive support material over a
substrate, the support material containing at least 50 at% carbon, which is primarily in
the form of an electrically conductive, carbon backbone polymer;

anisotropically etching an opening through at least the support material to the
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after formng the opening, formng a first capacitor
in the opening; and heating the support material to at
wo e@stizappr oxi mat el y 180 degrees Cel sius for apCT/@smne/001693
30 minutes. 19. The nethod of claim18, wherein the
nmet hod i ncl udes heating the support material to
subsirafér ease a resi stance of the support material by at
l e t f
ci At rRREIREThentil, (IRER (RATGPRCR DK PRAIG! end
anhsaﬁngo}m supipbyt redtetidlrig at krestapproximatelsi 1Y degresw Celsius for at
enperat ure atom c |ayer deposition (ALD) oxide etch
leaStrisé)s‘Rmu %51, The nethod of claim20, wherein the nethod
i ncl udes anisotropically etching the opening using an
19. OF G IfetSl dT-PNMATE, iwhelfih @t i¥od dafliideg heAiR(g the Rupmt
of the |ow terrperature ALD oxide etch mask. 22. The
mataried togcesgsd areasienenel b suprarimategiabhy atyeatt dideceds-
support mat eri al consists of from about 55 to about 70
0. 31 KRG aARAE ofic BE s 1295, e BinlihOBRMARHDEes
sul sem net a the remai nder
anlsttYébi@ﬂE'rbtclﬁﬁg thEhpenia Im@dlgaaslowrteallpyraune atoimic lgienrdeposition
-22, wherein the support naterial further conprises
(ALDDPEﬁP@Fﬁhéﬁ%ﬁkor silicon. 24. A capacitor form ng
nmet hod conprising: formng a support material over a
21. SURSE d $od $MGaiR1ER WHerdRHRY medho PRildddRianGoabpiceids ticBfg the
at % car forn1ng an openi ng through at |east the
opersnppging amrat@mcapnt-on ahierefldssive aoasingt(AR Suppleptot the low
rmterlgi havi hkckness and the openi ng having an
tempEEaurs; thxﬂ) tﬁﬁlai or greater within the thickness
of the support material; after form ng the opening,
22.  OMHe Mgk tRodAiAGMY Ohe BF Elaithd [ &2CONhaek thy stfpersubietinbtasists
and the support material in the gpening; .and heatin

of frpheatoup b At &0 RiGh CRROBIFIORE HALe OR 6F PEENTOgEN, OX¥EeN, sulfur,
metf|§ A b Rnd s SR smﬂrlh fiRkodcRCT eases a resi stance

& support er a east 4 decades wth
| ess than a 10 %rmss Ioss of the support material . 25.
23. Tha@heehdibel &f incingione 24 clawhet &2, wheremethh seprioncingigais! further

ani sotrapical |y eit ching the opening using a | ow
compEsd RIS B 51 CORayer deposition (ALD) oxide et ch
mask. 26. The nethod as in any one of clains 24-25,

24, Whex eifackferotRinafethhe Lotdpssiagi sotropical Iy etching
t he opening using an organic spin-on anti-refl ective

codoimigg @ART)orbmatenis] oferarrubstenie.itberpatpartupeierng! [SoBiaIRas at

., 27. The nmethod as in any one of clains
16355265(6)‘?3 @Pein the carbon is primarily in the

forming an opening through at least the support material to the substrate, the
support material having a thickness and the opening having an aspect ratio of 20:1 or
greater within the thickness of the support material;

after forming the opening, forming a capacitor structure contacting the substrate
and the support material in the opening; and

heating the support material to effectuate a effect a reduction in conductivity that
increases a resistance of the support material by at least 4 decades with less than a 10 %

mass loss of the support material.
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formof an electrically conductive, carbon backbone

pol ynmer or a hydrocarboncontaining, silicate backbone
w@oelogirea204 28. The net hod as in any one of cl ai PET/RE2089001693

wherein the support material conprises titanium and

silicon, titanium does not exceed. 7.7 at% and sjlic

25. doé@e merthedkeferleim 24.5vherom ﬂzeames&Oéa%eqi%@rmsogeﬁfﬁ Ig ngmg the
de
operfp i i S FBRAHES aioic BYE BLSIBRALIS Bde i mask,
support mat eri al contalns at | east 25 at@bcarbon,
26. WhiTtls rhesthcprt a'asnmrainb/y)nie of tlaem$ 2426 pvheminethe otethatinkipndes
conduct i rbon backbone r.or a.. . .
anis g G BEHEG HEATAPIAG Lo SiH e b SERGU 7Ry coating
fufe SODOWIGHE ¥ich Yn2k. t he support
(AR#Q%@?%)QO?%:EE@NE%E}S’&;?fuect ed by heating after an
ani sotropi cal etch such that an opening in the support.
27. rratTéxeuraetthcodaasm@nwmstof slabme 426, Waereay the gatbauiingrimarily in the
ect. rati | e
fornf REREeIgiEr B Rl € B ko Bpcetink BbBpdy L B9 BRESh.
cont@ﬁil tsﬂﬁ@te(lﬁbklﬁtrﬁfpo@nﬂlerheat ing the support materi al
hibits an increased resistance of at |east 4 decades
mnth | ess than a 10 %.nmass | t he su ort
28. matléeimgthodaginany jong of EI@HH%%?‘l%%eWE?TQHHhSé %T%@rlaber

comgngesetgt%mﬁ& AR, ABLRML @J)efs bt gk@éeﬁeﬁ’f ht%,laﬂbi %fhc@ﬁ Id8B ot
Ver the fi

rst conductive ectrode; and a second
excezdriducitlde el ectrode fornmed on the dielectric |ayer.
30. A capacitor form ng nethod conprising: formng a

non-crystal |l i ne .sugport material over a substrate, the
29. sugp6maciigh EPPRISIEBNt ai ni ng at | east 20 at % car bon,

m'aﬁhnﬂtiﬁllf?fcbﬁ@c'tllv&‘ ldyRr bor-&yBlaffneadlpport material formed over a
el ectrical ' yconducti've, carbon backbone pol ymer or a

subdisatly, sdwrdimn- cont ai ni ng, Sil i cat e backbone pol yner;

ani sotraopically etchin n b.
Ehe: suppBt £ HpgltaFHERASn A R B P b St S Robrimarily in
the foRfedfiadl cldb@¥dang canditivk N@ssorobacibedt gilybasr alhyﬁmemtion-

t he openi ng having an aspect ratio of at |east 20:1
conwrtlhg,mltqf# deklanseodyragr t he support material; forning

at | east l%}ancaq@&gt{ogrm §6ﬂ hWt of fhels P?%&P Gak 1B hABken

curing tfie suppor teri a ure a r etching to
effeelell ®9theatigy &tdradwaisoaopical erﬂnsimhtthaxlamppeﬁmghmkmmppom

ot ap 1 SUb§irls CPUGOE IORAOLHOS 40 FHor G20 Phah g byvithin o
thicBRSS of BRSuffort REtHAPRRRt material.
wherein after the anisotropical etch and heating the support material
exhibits an increased resistance of at least 4 decades with less than a 10 % mass loss of
the support material; and
a first conductive electrode formed over the etched support material;
a dielectric layer formed over the first conductive electrode; and

a second conductive electrode formed on the dielectric layer.
30. A capacitor forming method comprising:

forming a non-crystalline support material over a substrate, the support material

containing at least 20 at% carbon, which is primarily in the form of an electrically
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31. The nethod of claim 30, wherein formng a
non-crystalline support material over a substrate

W0 p@baziess spi n-on applying an anti-refl ecti ve POBRUB2999/001693
(ARC) support material mxture on a substrate. 32. The

thod as i ny one, of cl ali 30-31, wherein formn
congdgtie, sripap DagkEoBE BPRTIHET fllarocubpBSPRIAMING Sficets backbone
polg@eguctive cell plate layer; and anisotropically
etchi ng support naterial between two or nore container

st r ygsairopicaily etahing zn ofenirgethsiugbicht tastt the Beppost muietiul © the
sub%tfé%tg{tgg gﬁﬁalso%tgri.ngtgrigli }{a%}ngcaotrﬂgclf(%teésvoef g%ga{tcler tﬁla.na 5 irrll gr}/detrhe t2)lf;tening
having an aspect ratio of at least 20:1 within the thickness of the support material;
forming at least one capacitor structure in the opening; and
curing the support material mixture after etching to effectuate a reduction in
conductivity of the support material that increases a resistance of the support material by

at least 4 decades with less than a 10 % mass loss of the support material.

31. The method of claim 30, wherein forming a non-crystalline support material over
a substrate includes spin-on applying an anti-reflective coating (ARC) support material

mixture on a substrate.

32. The method as in any one of claims 30-31, wherein forming a capacitor structure
includes:

depositing a first conductive cell plate layer; and

anisotropically etching support material between two or more container structures
to form a double-sided container structure after depositing first conductive cell plate

layer but before curing.
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