H GH ASPECT RATI O OPENI NGS TECHNI CAL FI ELD [0001] The i nventi on

rel ates to sem conductors and sem conductor fabrication nethods. Mre
parti cul arweg,zedohesronventi on rel ates to hi gh aspect ratiggmapefiongssand
etching nethods for formation of high aspect ratio openings.
BACKGROUND [ 0002] Openings are forned in support nmaterials so that
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[ 0003] The profile of an opening is of particular inportance. The need
for accurately and precisely locating openings is in relation to

ot her structures is exenplified Wh@KGBGAED hol es or vias are

provi ded between devices. The profile of an opening is al so inportant
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structures. As the feature dj rreasi ons of devices decrease, the aspect
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"twi sting" can occurp.. [0004] I n addi ti (_)rr.rl11 to t apgﬁﬁq{g%r%%&g?o [ %%e,“ use
of silicon B#Hhs ¢iehed|ing arﬁaglectnc, such as silicon dioxide (8i0;), which can be formed

as a doped silicate glass. Use of silicon dioxide dielectric can yield several
disadvantages from an etching standpoint. Dry etch of silicon dioxide has a large
physical component, that is, it is more like physical sputtering than like a chemical
etch. Its sputtering nature creates difficulty in obtaining a straight profile since the
etch does not exhibit a lateral component, leading to a tapered profile.

[0003) The profile of an opening is of particular importance. The need for
accurately and precisely locating openings is in relation to other structures is
exemplified where contact holes or vias are provided between devices. The profile of
an opening is also important where several adjacent openings are used to form vertical
capacitive structures. As the feature dimensions of devices deérease, the aspect ratio
(the ratio of depth to width) of the openings tend to increase. As the aspect ratio
increases, however, a phenomenon termed "twisting” can occur.

[0004] In addition to tapered etch profiles, use of silicon dioxide also may
produce feature charging due to its insulative nature. Consequently, the top of a
feature, such as an opening in the silicon dioxide, charges negatively relative to the
bottom of the feature. Computer simulation has shown the resulting vertical potential
gradient as high as several hundred volts, for eiample, 200 to 300 volts. Sucha
gradient may retard the flux of positive ions that produce the etching effect and
contribute to aspect ratio dependent (ARD) etch, also known as reactive ion etch

(RIE) lag. As aresult, as aspect ratio increases, etching may become less effective.



produce feature charging due to its insulative nature. Consequently,
the top of a feature, such as an opening in the silicon dioxide,
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vertical structures.

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.



[0009] Figure 1B is a diagrammtic top view of a portion of the

sem conductor wafer at a prelimnary processing stage of an _
enbodi mentwo 2h6N2&HE gure 2A is a diagrammatic, cross-gRGhdseaBlodbEW
of the Figure 2B wafer portion conprising the cross-section shown in
Figure 2B al ong the |ine 2A-2A. WD 2009/ 126204PCT/ US2009/ 001693
[0011] Fi gur 40081 s a Higugy Hhisdrdiegrammats mmgpﬁ@ewiarg@m{)ggzﬂsihgrgﬁpgm
at a processj Sgga% t g I gure :

3A i spa di a%lr-dgrgr?mt I C, eggl%é@%gg’ttlhi&)%afltﬁ@{me%bf the Figure 3B wafer
portion comb?li2i ng thEigurecfsﬂsisgeﬁagrmmﬁqmsh@edﬁogw@\aBf@l]? tl ébeer
i ne 3A-3A . Figure .3B.is a diagrapmatic_top view of the wa
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processing stage subsequent to that of Figure 2B.

[0014]} Figure 4A is a diagrammatic, cross-sectional view of the Figure 4B
wafer portion comprising the cross-section shown in Figure 4B along the line 4A-4A.
[0015] Figure 4B is a diagrammatic top view of the wafer portion shown at a

processing stage subsequent to that of Figure 3B.

[0016] Figure 4C is a diagrammatic, cross-sectional view along the line 4C-
4C of Figure 4B.
[0017] Figure 5A is a diagrammatic, cross-sectional view of the Figure 4A

wafer portion comprising the cross-section shown in Figure 5B along the line 5A-5A.
[0018] Figure 5B is a diagrammatic top view of the wafer portion shown at a

processing stage subsequent to that of Figure 5B.

[0019] Figure 5C is a diagrammatic, cross-sectional view along the line 5C-
5C of Figure 5B.
[0020] Figure 6 is a diagrammatic, cross-sectional view of a wafer portion

shown at a processing stage subsequent to that of Figure 2A of an embodiment
including formation of a double-sided container.

[0021] 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 formation of a double-sided container.

[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 contairner.

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



waf er portion conprising the cross-section shown in Figure 4B al ong
the line 4A-4A. [0015] Figure 4B is a diagrammatic top view of the
waf er portworesioedsat a processing stage subsequent t opeTia$20w6001693
Figure 3B. [0016]Figure 4C is a diagrammtic, cross-sectional view
along the line 4C 4C of Fi%ftélre 4B. [0017]Figure 5Ais a L

di agr ammat i SUPRLESERACYeERH I opPRing Bas anrspEt gﬁlﬁwe)faweastéﬁér\lfvpmntau on_,
conprising t ' ' ' ng .t ne. 5A- 5A.
[0018] F gur e T A Al o e B
shown at a reReesing thgsupatfanaerial deeffent araluctiat incbnfidgivitg, HB.forming a

[ 0019] Fi gur ] &I: égr Lc, cross-sectional view along the
line 5C SC%S%QE{HSS&%@ ) t rfﬁ’gure 6 is a diagramatic,
cross-sect i o@d4] vi ew bf memesyf @viqeottd oMesRaNsbnateid-Biseg e8&iig St age

subsequent to that of Figure 2A of an enbodi nent including formation
of a goubl e F&pg @SC%tQBﬁ%%PaTIWﬂWQ‘G?l eiched iptogpbgiya Hlpwed by
cross-secti @Bﬁdsiﬂdn@ﬂcél}:pl@te%ﬁc‘ﬁﬂie&@frk‘s, ] .§&M-s@bar§til%%?%‘§.s¥ evipfde

subsequent to that of Figure 6 of an enbodi ment incl r mat1 on

of a doubl e?BPraades dshrisptiar of capacitors includes formation in dielectric films, as well as
conductive films. ’
[0025] Dielectric films provide electrical isolation, particularly between
periphery devices. However, dielectric films are difficult to etch due to their
generally refractory nature and feature charging, e.g., the top of a feature being
negatively charged, while the bottom of a feature being positively charged. Etching
dielectric films is primarily physically driven by high energy ion bombardment.

~ Vertical electric fields resulting from feature charging tend to repel positive ions from

the bottom of the feature, reducing etch rate and causing overly tapered feature
profiles, among other defects. Lateral electric fields resulting from feature charging,
arising for example from mask irregularities and/or the stochastic nature of plasma
etching, can result in feature twisting or other feature irregularities.
[0026] Conductive films on the other hand, are easier to etch at high aspect
ratios (ARs) with chemically driven plasma. The chemically driven plasma is not
subject to electric field-induced feature distortion such as twisting. For example,
production of approximately 70:1 AR capacitors formed in crystalline, i.e.,
conductive, silicon have been demonstrated without twisting, with ARs in excess of
100:1 possible. However after etching capacitor features, the conductive materials
generally must be stripped out and replaced with a dielectric, e.g., having reduced
conductivity, to provide insulation for separating electrical charges within the
capacitor.
[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 such.tha‘_[ it may be utilized as a capacitor dielectric for

electrical isolation of the conductive charge-carrying plates. In this manner, the



[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 enbodi ngBtzodoncsdedi Ng formation of a doubl e-sided coaiR8o001693
DETAI LED DESCRI PTI ON [ 0023] The present discl osure includes nethods,

capacitors, and high aspect ratio (HAR) structures, e.g., openings,
vertical fea&tvansages @seciaed hitti tendhediicatlytdriotn plagapaching chir6t8idgs of a
nmet hod i ncl . ' n ectrigal copduct.i ve .support materi al
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bet ween perj phery ,dgvi ces. Ifloméséer, di el ect@ggﬁglikcﬁggrr%?%fagw ?g!ut}‘? to

etch due t o"eHEiSCEe ABPHAEY Withhaumede formaranaye zand repateseeerehaatgiialy,
e.g., the tgﬁir%ffaﬁia‘aggﬁ_ure bei ng negatively charged, while the bottom
of a feature being positively charged. Etching dielectric filnms is
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causi ng oveslégiridat plase dhdngatsiior tbOidni@sd watliRthysitAPhagdehsdeor that er al
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classifications, i.e., a dielectric being less electrically-conductive than a conductor.
[0029] The use of support materials with better etching characteristics may
provide desired improvements. While such improvements may be particularly
noticeable in HAR features, they may nonetheless be realized when etching features
with lower aspect ratios.
[0030] The Figures herein follow a numbering convention in which the first
digit or digits correspond to the drawing Figure number and the remaining digits
identify an element or component in the drawing. Similar elements or components
between different Figures may be identified by the use of similar digits. For example,
110 may reference element "10" in Figure 1, and a similar element may be referenced
as 210 in Figure 2. It should also be apparent that the scaling on the figures does not
represent precise dimensions of the various elements illustrated therein.
[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



[ 0026] Conductive filns on the other hand, are easier to etch at high
aspect ratios (ARs) with chemcally driven plasma. The chemically

driven pl aggaodsgizémel subject to electric field-induced gEats0®/001693
distortion such as tw sting. For exanple, production of approxinmately
i..e., conductive, silicon

70:1 AR capacitors.fornmed in crystalline, j.e
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mat eri al . I"zI'ng support
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and feature. t 'stie;l‘?t. T er%gft'e}r@, t he pc{Po ers';% of the materral -is
changed f r ofCHRTBNPAF 15MED 0 eSHTN R ARE G Wigtratesylegeed @bevduct i ve

state. In t{e3sjess condpeéhyRintRlRFihNE SUBRCTE, SIBLRE ﬁz ORI Rl
as the insul ation between capacitor structures for exanple. ﬁus, t'he

same nat er i Wreegichnedsgionpdlhdianndgts Resior] i eoarespands &t amemgry array
conductive r ipal; t . i ith isolatin

devi ces w tlﬁgg;r?gnk%glﬁggg? }e@léésﬁg?%rtpgﬁgg@m??ﬁgt@% g%er%?r?’ Ferend and
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during fabrj i.on., 100281Such a .chan ..0.,, reduction, in materi al
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an el ect ri chjpi@hasiegichtagitry aA ofte EitduitePhssPHIASE wWethaRO& B! HOdatd Ao e
confused with Eﬁgmsi calyﬁﬁhase change of the material, e.g., froma

solid to a PPREGIEM BEROVHIVIRRISRT RS walg mermary prranrrgiond; ¢ veeld be, " as
used et el Mssddfdtedibith bérfthe rdgflir 1Y R Bl ASTcbiRlo RS0 A 1BLAIRh bEARAN
absolute classifications, i.e., a dielectric being l'ess
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features Wshgwh)oﬁ[d B s(sac?ctiatgc? \tav}tgiéripher_al region 118 at the brocessing stage of
Figures 1A and 1B.
[0034] In the embodiment of Figure 1A, a plurality of electrically conductive
node locations 120, 122, 124 and 126 are shown within memory array region 114 of
substrate 112. Node locations 120, 122, 124 and 126 can correspond to, for example,
conductively-doped diffusion regions within a éemi-conductive material of substrate
112, and/or to conductive pedestals associated with substrate 112. Although the node
locations are shown to be electrically conductive at the processing stage of Figure 1A,

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).



[ 0030] The Figures herein follow a nunbering convention in which the
first digit or digits correspond to the drawi ng Fi gure nunber and
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[0032] I n t K& SBBUPHRRORRequs JLPEERGRO et "%?&éﬁ’peogt%h’g%?’ ’Ié“gﬁfﬂc
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¢ g.
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of Figures 1A and 1B, substrate 112 iﬁ di vi ded inaﬁ gzéhree effi ned
regi ons 114&mbpdgneneithgpresiagdiselogurs, BOHTIPESH FHRHS 1S drray

region. Re %oﬂ@%&%g 8@2&%&5@9&5&%&% gowfﬁg} LbtrRliheFdet Rpdthidve aesrily

array region, an correspond to, for exanple, a so-called
peri pheral thieghess, as Tikraled doyi formationrod particalgr f8tues- a peri pheral region

because it | §3ﬁteri phgug]la%rl} ﬁ"rale%gl R BhYn cfef@f’oﬁ@ﬁxi RBre el i'c?a%#r'i%‘s;%agi‘?gi c

circuitry a her y associated with the contro
fl ow t o andcnfirop Bles®iREllycahdvitbesnaasds i fatpadiculat,supgarbmgterial Ja¢ mMmasgi on

114 woul d be assocgiated wt eripheral ,reaqi on 11 i :
corres pondscop@uhatﬁ??ébfq ‘"8% %&Q%ee%?%éﬁﬁgﬁ%aggonﬁ%}égé ?“5%?18%&1%@%(1 t he
peri pheral gifisielor YorRRsOed mheHald 4 fupp@YirarriallWith Bahsdridnrestear e
provided through portion 110 to roughly indicate t&% varin%gs. gffi ned
regi ons 114might eonammepte tpgnergased apnyctivibh drpenfige pey e pier malirialiys

o on’ 115 GRS 1B G, St g sl 2
may contain at least 25 at% carbon. According to one or more embodiments, e.g., In
the case of electrically conductive materials, support material 128 may contain at least
50 at% carbon.

[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 elecirically insulative, such polymers are



[0034] I n the enbodi nent of Figure |IA a plurality of electrically
conductive node | ocations 120, 122, 124 and 126 are shown within
menory ar rwp @gizens 114 of substrate 112. Node | ocati ornsCTi@Rp09hBR93
124 and 126 can correspond to, for exanple, conductively-doped

di ffusion regions within a

nduct i materi al of substrate 112,
andl or 10 (GGt FRTTEn S e SUCHA ORI ORI RO RS ATG B vy iing

Al t hough the nade, lacaki-oMen e mah eWhay Aobiee @ndedtivecal Iy conductive
at the pror:%sm ngdsstageco :|1:,| gureplA, |S,t is to be understood that the

el ectri cal | @03¥nduct i Aordngioioak or ofore ¢mbardatents.ceppdrbmateriaul2d ibe
provi ded at cess sta | gur (not
shown) . f‘d%‘:ﬁp ?l P %‘ggiﬁ(ﬁugfgt%%g%%%ﬁ%“ﬁ%gggg%]reg %E{émat eelely;@t

el ectri cal | yergaanaeDécetewil bbetiti-A pidnor maohsteducid] atisesging thesprolhams of
Figure 1A) and can corres d to source/drain reqgions of. the

transi st or %a?féf%fw&qpew@npﬁ& %Wbsémghﬁl 8‘51?]109 Oégﬁhﬁ%gl&ag?%%us becomes
source/ draig E&Qlﬁﬁ@mﬁéan% he h’;ghaggf;éeﬁ b0 feRtEE HOtht @A whetadipheit OF
gates and ot Rer conponent s of transi stor constructi ons can, be

present wi thateriagi?8 ng/elafrtrleﬁyllymgﬁlwﬁvi featuze chasging msydedengfied! b{grédwd
Fi gure 1A, [bagi2" be ourl%rsfo%ﬁg gl%géé&ﬂﬁod%@&@ss%b mhﬁﬂﬁz%sn@hom

in the enbo nt of ort naterial 128 is
f or med overﬁ;sthhshﬂaﬂeutiﬂ;ﬂm aﬁd{mpsﬁmomaﬂm $1h¢0n1r28>f beprinariiyin e farms phgl e

| ayer (as of horm eneous o] a
mi Xt ure, mftf]‘f’ﬁn‘%@cafrg%? BRIE ?Cﬁgﬁb nggleoﬁs%?)tre %gdﬁélk?rjr%agﬁ%o
material, Ohaybd il dlothel YR for ekangiplé fia momglmﬁmpmhmemmawmomhmec al
properties. [0036] According to one or nore enbodi ments

t .
hater i al 12@ibon beckmapelE Db YR FRoTsicen g1 deih the FRTH LS. ¢
and is capalb}gp 9133 iR&iAGef cﬁr Iﬁgﬂle@ﬂ'ﬁimb JUAibRIaY b6 isaftivé ofcondh@ivan

el ectrically conductive solid, to a post-cure/PEB thickness of at
| east 3 ni cFitmsumiandiousilieman®i irgproyidediodnergasedhomgiddy opgort material

embodi nent S1REBBRI e TR o@ﬂm}qgggmﬁ at&,@a&gn&%f@@anﬁ\ﬁﬁ IRfsiffch. A

initially cur 0 a post-cure nesso 3-4 mcrons WIthOUt
cracki ng. Aseermliidgupportamgertal 1 Bdmay mpmde stebility dfringtsabysgesnd processing.

di scl osure, the support.mater,al..128 i o)
pol ymer bl efBEHo O%t‘éanb‘if? Pr SRR TR, esc? eggg t$8r0§C§|@g§8§d é%gfie(r;ted
t hi ckness, 4feeded Hoh ekahpeembbdigfenpahére cupit heatedialrias does not
[0037] Support mat eri al 128 can incl ude oézaﬁ{%/ ; nor e ekectrl cal |

ér

i nsul ati ve apkidetitaaiuas i Slgonyighinm eX5es Thfrsexamy ep%?‘?ﬁ%?‘&r
support mat flér@lsulgr%gll I‘HB? 4198k abdk Rt ilcRRIS ilZ0n ahdtikafuBORighVhbd kcddd 1@t %

carbon may e sul or either insulative or conductive materials,
a support naatf/ce rnah emmpnle hn@h@meutawb@n swtern%temldﬁﬁ inchiriep Ppilirtianipm

i ncreased conduct ' V I%t 33’("/05%551119@{& 1’?‘}15‘{ exree:d 12.5

Consequentl*ifl Colnh léané I‘IC conductrve materia
support matgtd.al 128 may contain at |east 25 at% carbon. According to

one or nore erpodi ments in the case,.of electric 9 ctlve
materials, E@fpbrt rm%%ﬁofcgilg tfz‘%?eﬁ’é?m(%ﬁ‘flé Hrgpisy & 5§‘Epp§% %%71 a@g
non-crystalline. For example, support material 128 may consist of amorphous carbon,
intermediate carbon, transparent carbon, or a combination thereof. In the context of
the present disclosure, “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



[ 0038] The carbon may be primarily in the formof an electrically
conductive, carbon backbone polymer or a hydrocarbon-contai ning,

SI l'icate bgplkbpngspe! ymer, with or without a polymeric galidfiono1603
"matrix," e.g., as a mxture or blend. Al though the silicate backbone

pol ymer may be electrically insulative, such polyners are typically
el ectri cal layd comsiuglibeads ﬁirbmtbam)eanlda\immn‘éaqi«sldyﬁnitesfoané’ ilenswn

contai ning as ch 36 at % car but or m ot be

Conduct i ve SRS ART TGRS SHER s s B aBte S e S sprated
materi al  13§diczaBbRe tUAdeatdndasioNabiebhois cabds Blsb hﬁﬂucfe@aintﬁiﬂle@lb&f’gl ng
may be reduced. As a result, vertical and/or |ateral. pot

gradi ents easpop@ositenrddetweshfilbsamengh ?‘Fﬁéaﬁ}oalﬁl’%ﬁﬁ’%ﬂm%ﬁ%@fl Wl%hrie%ard
dependent &f gl ﬁ@urﬁf’l‘e%h?rnt? ﬁiﬁgﬂ&k QrRh i B WiBinGRAFRIREf SIS one
a ant

becones especi y sig |gh aspect ratio features. In the
case \Aheretmqnfdntermealuaetz taborl28 is electrically conductive feature

char gi ng benefq ci al |

enbodi nenﬁ?‘o‘gipport dr‘tlﬁt éarf%llle f%ﬁ Sﬁgﬂ?“# %9?4%]]66\8%%% got%r%%ﬁb%agn / or
silicon. Theowid0iammydiygebeithrthammainder mitrbes a‘ndfdrmmj?gehh@ne e\:ample of
hydr ocar bon-cont ai pi ng, _sil.i o] I e , the
silicon mayv l&éarpwp ﬂ‘@t%@?onﬂﬁéh‘:’esﬁ ?“tggé‘%lc r% f{ﬁ“‘iﬁ){?%lf %g?ﬁ@ah %IO

el ectri cal |u)’1ttPtHE'§’é1'ﬂélhdé? nitRRED SRDRSI BN ECRREY By, sEBfort inb@AkLEB zaﬁyd/ or
silicon may be in formof oxides, which are_insulative, or in

ot her for nEensigtiof ffoﬁia%bob@f’i ot 10a8%arhon riehont § @Te’° orlessAfini{Ho%Ad/ or
silicon m%{ﬁgenpl&ﬁﬁ\gqﬁgafs ddrk%h%ﬂétﬁls:g Je 1&1& atRERPOLY gt er i al

128 beyond Rerwl se ex ited In t a sefhce of

titani um amdn&nﬂerdlqdrogm n‘tﬁemimb‘gisd cemppobftrefmtaéﬂfml to be&mayicémpr ove
stability durlng ubse rocessing. An anount of titanium and/or
silicon nm?rsﬁ@ms% B‘Eélahce the desired effect. [0041]1n an

exanpl e enjggliqrent V\meﬁ@rdﬁigp@eﬁé omb&rmﬁodmtsjﬁﬁm:muppmmmlal 128
titanium the silicon_mght. nqQt exceed 26 at%

|
bbod Mont TREREUC OIS RTBR| o A8 B EuPEr M SART Ba cing
titani um mtﬁ%qaql@lémﬁﬁfeqﬁﬂé alsdliat %%)ﬁhéhn%ﬂ o£H2M3LR BiERedapHt Wher e

support nmateri 128 i ncl udes- titaniumand silicon, -the titanium
m ght not eseweglisiedbysris-antecknianesons We gime Wit beanpersiptadbong o,

10042] Accor gig R ARGh e, "Wcfinfy RSl 1785 RHPROI Bl akin 28

other techniques, for example, chemical vapor deposition (CVD), etc. Known CVD
techniques for depositing transparent carbon include plasma enhanced CVD and
thermal CVD. Plasma enhanced CVD of transparent carbon often occurs at about
375° C.

[0045] The liquid mixture may be a mixture of polymer solids and a carrier,
and, optionally, a cross-linking agent and/or a catalyst. Potentially suitable liquid
mixtures include anti-reflective coating (ARC) material mixtures and/or hard mask
(HM) material mixtures. Liquid mixtures known for use in forming anti-reflective
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 initiat conductivity properties of



non-crystalline. For exanple, support material 128 nmay consi st of
anor phous carbon, internedi ate carbon, transparent carbon, or a
conbi nat i owotereef4l N the context of the present di sclasuwsnos/001693
"anor phous” carbon refers to carbon that is not crystalline. That is,
anor phous carbon includes "transparent™ carbon which has sone .
structural thespbart inaeridler ifaltardispmewhatethe SpRRPa) asfedal gpaigiims essentially

hybri di zed bondi.ng (four .sj hgl { ratio etchi

{7 anspar encoRhgn o traBeiS) Mefc AR IR Ten F R e PN et cting
regul arity witl éheki@ilW deivercplasras tvithinsiineal eWistiny ddfaintitiers car bon, for
exanpl e, diappnd, graphite, etc.. In_.conpardson, full. nor.pRh

carbon has 86t r uct dysdPrthes GRPTEHAT f%gﬁiegisﬁﬂssfor?g}eéeé &dpr ?/gflg?ﬁ%n of
sp2 hybri dg%;]ﬁﬂi RGNSl dosith@uikeattcomn@ndddproicaghemag ibd sis¢fal to
carbon) an |terallg]y “lacks definite form" i [ hqus. . Ful ly

] i.e..is anor
anor phous  qaesheffeatively abtrin adesserBvRPORTBREHS c InFien TeapP Fiprgf the
hydr ocar bofie, ; 1 arley 81 AadabL Xon AAPED BRUR (SRIGAGK B & [oARHEHIRS and cure

"I nt er medi ater ‘¢ar bon positioned befween fully anorphods carbon and
crystal | i neineashmrentialinaffegag dompositien andfarelegirigh! sherpgieaistiesyof resulting
Transparent carbon i.s, thus within the r f j :

i nt er medi atS4PRALFBalKTakeg ﬂ%ﬁx@%’p&é%gn% Cémgﬁiog% %ﬁ%%ﬁ&gfﬁ% tggr %@?8‘%{12 ns

about 55 atecackenlidddy abaetuppdrtahMerditd Adge forwpinkontdpplicativai nder
ni trogen and/ qor oxygen. One exanpl e of . ful II¥ anor

i P e R per

XYy .
i ncl udes alsepuderation WaY R ByEn Wrgleghio pf WEcoy

remai nder %ﬂ@@g%a ARALRAE vOKYESR afCANRaHIRMsS ¥ reSURROSIppoRrestindls. 28
may consi st o rom about 55 to about 70 at % carbon, about 5 at % or

| ess of nitlP&4AN, oxyieing of thefsupporhaatgrials mayPCEW R ABE A JOTeaTRpPsoftages
whi ch may be absent) t gng; QeE8e do i 84 Snixtur
comonly r eqlgfoscesasteg'l é%grpg%lgt]%o&rl n, gs%?irt%%%‘g@ar se%flgl?%%g%c!r%%i umlxaned
tel luri um iAdQ4blidbeang targiutiivecriectical pmpertesbBdisaguensouringrstAragr

support material 128 .ncl ude apnpl yin | 1 qui . NI .
i ur e 1o e i Aerp et b dh e Pt el oERHRen
a solid. Applijosaleb@RalthatabRribticilFdr exaxiple, ehezmyletreica champtetistvedhatging
spi n-on techni ques, as the sane will be appreci at dt b% Pﬁ%e .of ton
ordi nary skUFipg sigps wmay giclude gy ipgG SSRppid ‘QPPgF °BS> 8T D5agRE AQ
acconpl i sheg, -d?ﬂent‘atiﬂgc[léaﬁcﬁﬁ Bi/8USPosiir@ fo Q¥aRla@nett TRIdS; & ach@Relthe

etc

deposition (CVD), . Known CVD t échni ques for depositing

t r anspar entdesisechmateiisiclastiicabpaperty ernagicesh edugee sHereRIvEithe

Pl asnma enhancedﬁ%\a{p glf transparent carbon often occurs at about 375
C. [00451THEPPTGUFG /i xt ure may be a mixture of polymer solids and a

carrier, an@p48]pt i onaWhareasdnitinbasinigipnddensys dgwtidifa the/suppert matesipliem a

Potentially,sujtable liquid mxtures include ti-ref £ i.ng
(AR mat erieatd i s e il BiEh A EF b iy kbl Rh i ¥, E8B0E
Li qui d m XtabesukiQuing Poctts&s, suthfagkiosa getdnith aboat) gt bagerfomed afjsr
and/or hard masks, instead of formng support_material i ght be
processed |esrtgial fpatures aredprped ia the SWRARH i rF(§e§?J‘BB]Ff%E"5?(}‘Igﬂ§‘%’ -8~

i ncl uding %t&ﬁﬁ%ﬁg oﬁéniﬁfﬁ{[tﬁgs&ﬁi@uF R Reial, GbtHcR BrotéBBR S tRUGport

initial processin y evaporate e carrier and other conponents
whi | e cr ossmhterid; ag., amrifigomag &e atsprmndished toreiigetta raductin gn conductivity of the
pol ynmeri zing, the pol soli. ' [ pRRLt efhdal

i n keeping %waerlgﬁbr%%?%gﬁ gl%eellr@?#ﬁ%\%gg?{&:%n tn(s)IHone 6? e?ﬂr;_élre
enbodi ment sstaknidiRapbefenid th the bpsiing, witiutbh capaciteramplsrssiesidianmedoe s

not alter the initial cgonductivit roperties of .th rt
material ; OROW ¥5défecdé‘i°é‘g““§’d’|‘%m,ry ‘T‘%&“@df}%&f“ﬁ Ni\e f%f‘ﬁ“n%?ér?lt ai ns
essenti al | yﬁ;@@ﬂduct | VEmERREERE bPihk Yrébat el Rliesird ot Inifedlite capuriton
achi eve high aspect ratio etching with chemcally driven gl asmg Wi Bh
m ni mal twi s;mchzgesdé}tbfprrimeg@ga_d circuit structures and features which may benefit irom 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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(0046] As further appreciated fromthe discussion herein, alteration
of known liquid m xtures and/or the manufacturer's reconmended

pr ocessi ngwgqywﬁgﬁzmseful to nost effectively obtain a 4eslhfsshoRbiRPOrt
material. In addition to conposition of the |iquid m xture,
consideration nmay be given to selection of cure tenperature and cure

time as pot etectraial c;hamr:fee!smcsngeccomxpmglatadchy thepiresunt @s€lofure.CBor example,
exanpl e, curing

characteri st t ort materia

condi ti ons n%@grfa%fs’l dgh%%’ uﬁ% SP%%P SOIISOIBBWH?%L%gPﬁP“gcﬁaE?s@Sql@tﬁ#@t # in
the support otit elidrgd inshtiy sthubtiresRh ffuraPRL hﬁ@édt@rﬂ 1a&8%§e'tﬁé@ﬁ1@£én?“
may be gi veg to selection of viscosity, spin speed revo utions per

m nut e) , Is§icsYEnse vol ume as affecting thickness of resulting

support mat %0%! [ 094 dfsUbinidat@ns bR ﬁn& &BB %{aterlﬁsﬁg%}/cgoc cur

one or nore ste st ages OfF processes. cur e &' sed
to transfor ﬁr@litah Qi épther.teegd, nostyetickl moets:ungetq mdiuxce mamiaul doriaviivigy are

d I b
o ocosses iy Lhen oY AC ORI EF AN RRHG e AP RPnahe Fareesiabe: i ol <

conpositio nfcmmdd therath,entl thcomhdicioas agberitest I;&ﬁrocé%@ﬂh g %&@Fﬁia&naighﬁﬁﬁved
el ectrical chtﬁr act. erltﬁtl c .changi n§rycur| ng steps may include any

si ngl e step:™8f SEBHBH ﬁ?f TIGFUDy SWRPOTHAFEAL PreHIRYINS R 1BOSDRI dRe it |

i rradiati onefiahiil ad sebwqaeﬂteoﬁ&mﬁbi@ﬁ&ﬂé%ﬁ’tgﬂsfateﬂ fields, to achieve
t he desired rrat er| al electrical operty changes such as reducing

conduct i vi t PU31] t he SERsgay Parﬁﬁ‘ﬂléfr@ lcat[OGOﬂJS]SWmﬁea@emailmlxmte kasrang
processes t ﬂ}tf&@l:étﬂihfﬂvﬁyh%gé gﬁﬂ%ﬁ:to %ﬁ?g t ﬂvblffjﬂgﬁawg%ﬂl gto?"tlgnqsl Id

generally m ght occur Dbefor ure fer e i,
etching, s u@gmmnmfom@tipnmmwremmhmdsn tHegmeticaht a;ﬁ;ﬂrcbhorab&ve

may be per atur for din the r

mat eri al . oﬁ@%&%pﬁgpeo rt Iﬁ?‘te er nf‘%ﬁ"“? egs.u, mé?rﬁ Ay toa?FFq‘dBQPing@‘ in
the solid swpfpdritg piasres vmleheﬁﬂt&lﬁl}h&ﬁv@t @g@@ﬂaﬂﬁalofeaéﬁtﬁas.s RO Mdport

mat eri al , be accfgqnpl ished to effect a reduction in

Conduct vi cRsal Sl BY ogs BNEBiPa pitngs obchomiciigtres £ predestion Mt of

t he su ppOI’ tlevad b@fficRht toprHARAGE HR01HbA H&tn‘éa ®f f@%aﬁﬁufap FIRde Lané he
openi ng, h the capaci tor inplenented havin

r educed- co auesd: For gxanpipdraapsriios Biredture sy sall fyy lessrebadurtive postethur es.
[ 0049] Enbocgléﬁmaﬁc}ﬁ}acw?ﬁ @sr GREM isGa ﬁ&l Srithdze gtro%gnﬁ% 8{' %{Fértgge&ﬁg memory

capacitor structures. er integrated cirrcult
features V\/rﬁetﬂ@cﬁwtlbeheflt fromthe advant ages which nay be realized

by etching terial vnn nor e _conduc e electr,i

characteri 5[?0 % andAr%r emlgqg Qrapramee pm Oalmf"ets eHBH%I‘S’c?‘?WéCUVB
post - et ch medteial alixtusd 1eabtmdafaehr&ruaﬁ$£%dl§mb1(‘e%d a3y BAR: aba Y
t he present, di scl osure. _For exanple strates, fins, structural

supports, i SOPRRERFTGSSt dirdlendmanbs changed by suksanentarecessingl Brher
charge i nsukahplots SnbliGivity @RarfdR0e k! eﬂé('i‘llgt?orﬁﬁﬁg Ak :cobﬁ%ﬁ %%k@c%?s(?ng Methe

present disclosure. [0050] Various formul aton
initially- GyNgIRCtoicPesefeerdpiiinsof thihtwiduetivg polymer and the matrix polymer into

separate micelles.

[0053] However, embodiments of the present disclosure are not limited to
such mixtures, and may include any number of constituent polymers and/or non-
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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capable of further, e.g., post-etch, processing to reduce nmateri al
conductivity are possible. The exact formulation of the m xture may

depend on Wwoendeatsies to be forned therein, and the cowc/bs0mo1693
encountered in processing other materials involved in the

sem conductor fabrication. Support material m xtures havi n(g a_range
or variety [6054}niti al()narsdcfsltlmngdhbleé@ﬁdﬁ@ﬂ%ﬁ@?ﬂfﬁr Inceoinf @ Missolr!
[ 0051] For any_particul ar I caf.] teLdm@lictfdiXtgdr e
has an i n?&a%(g mclztbarll(rf &‘cs?“i“\??ggéﬂp g‘?’é}e“g{e%??’ot%’}f@%ﬁ? ‘fe’g%?eaem s%i r%’ and
ot her f eat wpgroslimdtely Rismn3 St (Signetsqlet cptiaretel)o mwiidhi io nn. theoordereofdegr ee

required in the particul ar application. .A particul ] mat eri al
m xture shc?ﬁlfsé?”b% WR&%@M BALOPIPhvilY 8Eal?pﬁ°}8§’§§5eyn§%%§%%% ng

pl asma via chepdif@ibldie dhb¥ithenfotth fablcdtidflintaiad, Theaikiuenis. defbaited updor t
material m xture nmay be cured to effect a change of co}naguctlv

t
e 0 T edudnitely cured & 4 sheisusart matcEak 6 SPRGOTIRBET LTI S fiShep o form
desired of %ngffgﬁth}eﬁ%ygg %rfefcﬁ' Orrglcpﬁcﬁgr dReiRd: ShbdeqBRMPl@ture

capacitor structure nh ess-conductive post-etch electrical
char act er i Sbinegiontha sepportsudterial gnexporadce @rl80 degren € hakel VIHCRINGIERRRSr of
menory device structures., [0052] Accordin ] iaent.,

the initi aﬁﬁ%,geélg{?afpd.hléedu#g%g ‘iloé'@ E%u‘g'llyugfethﬁggﬁggﬁ é?fg&g > oggg%élluc’ti ve

pol ynmer and.ea 4piebadeeth enck@thah @ 0E ! malhé/xquiareCer t ai n properties of the
bl end may be changed by subs%guent pr&cessin

- 9 QXML e 0 more
conduct i vi tf0¥Hange, Ioogtain apRlcefiRnsiag StriRNreh gBrErTda " BV B8 88 g
the mi xtur qpiP1FAY SBnR/s§ERAN 2L, ir&hicRbn Ih@naAEUG IhXebdaifficiest tatubldihe
matri x polyner into separat'e m celles. 5)0053 wever, enbodi gents of
ma

the pr esentdedicss dewpife beingdwain thrgerdecades belosif & ChATsETIsEES oY
| ncl ude any, BIRES i@l ANl e QIppBR AN QT Higr BOOKTRg

mat eri al s. ocessi ng used to change nductivity after etching may
rearrange pesistivety, mhy bebehiesd efithorieramixreseansiordtyi athas sugng procegses

m xture, or caus 1 Cro or rQ.separ.ation of ain mxture
const i tuentsélg?f{%lpn%?iﬁg% We%gg\%keit?r?gﬁlatg{ef’oan%,& hog cr)éﬁ bonbar dnent ,
and/ or el eqppss) and/ dheFEERESM I dongthdlivitypios,Un@easayn tesistisity effoctbd bak
nol ecul es, and/or tqQ separate the nduct.i ve gﬁl %qnsr and.the matrix
pol yner i nteyrias ok ue igimassivadhermahengradation. of dpfathizatign 80 Hie I SERRA £ r om

Brewer Sci efgeriall Mae t@The Boddi natiré 8PRhturd REmATon, Misé bAmadsesitlsd appert of
approxi mately 1E7 ohns/square, and a conductivity of approxi mateIQ/

2. 5E-3 S/ crmétsiidnewmlepeable dieating tiates andlpr ERPREIWE, PR QEnsProces
crystalline silicon (¢-Si) j ATV : gl v
12E-3 S/ cmpaﬁaé%%% 'aﬁ%ﬁ]?glk%?\éﬁf%@géﬁﬁ%%%ﬁ 9%187& lg\ﬁ:p gﬂbé?l?f:gl?? %ﬁﬁ%rret hod, the
m xture i s dbgpdsiiéredr esietilization af thy seppoetdnaterial. Eot $ampliopoh reshest ée thel |

The solid s ort. materi i s etched to,form,vario f ‘ : -
one or nor ebqgrgipa&’@ﬂ%%? gg?lraéfgfvﬁ? g@?ncgu@g ‘e%eﬁ%rhq@dtag&!f'eé gﬁluerrgﬁ% 3‘?5%3’%’ ?Lgsngt

t he suppor te@l @dohratings 6RARPSGHmMae A1 Blkgteg CeRivg, hakless thin ¢ % mass

i ncreases the resistance, .i.e., reduces {he duct ivi of the

bl end by 4 lessbserves with ghiing gaperatiges less t&i@b BTEH Cno(ﬁlémrgﬁén 10E11
ohms/ squar Semperature above 200 degrees Celsius, but less than 475 degrees Celsius, show less

than 15 % mass loss.

[0057] According to one particular embodiment, curing of the support
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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[0055] I n certain applications and structures, the increase in
resi stance to nore than 10E11 ohns/square, i.e., reduction in

conduct i Vi iRYs2e¢ sufficient to isolate devices, deskid@88/5Qed WO
to three decades bel ow the characteristics of Si02. Additi on@?

insulative qualities of the support material, e.g., higher
post - cur i ngdegsessdt foy3Pyninwayrepdteddhilasy tanwing Hl) dednde change i steriahd/ or

by ot her curj . ; r.Rake tine hi gher. bake
torper at ur e R ey AREREARE S N AR ORL B Fut e TRy Tore
| . e., incredmseoha(l)dsesltichirgy in mbfegial esstyitycuring i s not due to
massi ve the degradation, or volatilization of the support
materi al . %’]o tﬂea‘g’faé'm?%)f%&ﬂ%s .atF‘é%lt“EH‘%‘r‘?rsé?c‘rMei %?Mmeoﬁnd
mass of t heBSUSPRSY oFB bRypkidlary SontRDh oMl Ble FHEAB QG I BS. 3Rd/ 0T

tenperatures, or other curing process paraneters, are maintained
within a raRgle dMistoug (Tihe fiormer prodbeesian ongenoisilisateherdmbskdeaterdalat i on,
or volatili B i anple wth re ct
I D e R
little nmasshardswslometerisl @ntaming agput 2Apes adrbiog svitf bosppeinx ingaibete) A6

degrees Cel gj Us : ess 1han 10% S ryed with curing
t enper at ur e%)gaﬁ-‘é) Ises&ta%é% nR(li g@%ecﬁlég?lé’ggre(fmq% ﬁ%ﬁ@?@ﬁﬁﬁ FRIWFEEHove 200
degrees Cel Qimmsitioliblsh @ssilableaford Beevis BcRfse, GR. STHéSmixBROPIESS ahhan 15
% mass | oss. [Q057] According tqQ one particul ar. enbodi ment, curing of

t he suppor toTdteoditangmaor Fi%&?n)a“}%@&t?é%ﬂaé ROTt#M g BBRN At b patbeel widle d
heating t0 tat cd@@s beihdRoARRNRE SELamPiofkQohG Shisded gp%cﬁlggftgﬁg{o vaeTr%’:lbl o

for up to 30 mnutes. [0058]In further respect tot

f r om Br eweringideprigacatylene)s @sbi(pede)ainolxhienbens)s pafy(hmiies)s,

conduct i vi o agorehel? pRRRE SRIUE BRHA TS b ER B T tsPhegenss

for 30 m nutobgppbeull¢reduife) and pally(paraaphenhzngeinylenelgt er i al _

| eas t han ST ' G Aartiiin g0 i g odimenis FUOUTIY A g® REtahg

to 140 degraahivkfesh Over3QbsiiaftLille of) 105 bhtdnfile, igfeated StanThb@Nl hitrdREE: d AN

one (1) de(iié}gg sg,q en eckhgss nnllaitgﬁr’bleal'tlassrtfasnl a%%{lt\/ 3| IJ}III-OI‘ from 1.5 to 2 um, according
to a particular design rule.
[0061] As the reader will appreciate, the compositions discussed above for
support material 128 and/or the liquid mixtures that might form it have not previously
been considered for such a use. Previously, using silicon dioxide dielectric for
support material provided easy isolation of array devices from peripheral devices.
Also, silicon dioxide generally withstands subsequent high temperature processing.
Consequently, no known consideration was given to using hydrocarbon-containing
support material, especially if electrically conductive. While providing beneficial
etch capabilities in forming various features, hydrocarbon-containing support material
might not withstand high temperature processing as well and, if conductive, does not
isolate peripheral, or adjacent, 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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[ 0059] Exanpl es of hard mask material m xtures include BSI.M5068B and
BSI . SO7051 of a proprietary conposition avail able from Brewer
Sci ence; |wo200f12600k] a, M ssouri. The fornmer produces aFCcT/US2009/001693
organo-silicate hard mask material containing about 36 at% carbon
while the latter produces an organo-titanatq-a%l iﬁlate har d. mask
material coi2atifh A alsdurmebhiruEh supnosrPalGHE 12p & ReBerh iy rifdll ati ve.
An exanpl e of, an. ARG BRESCE @brdth 5F SrkB ol 1 da%n RSt [ESERA20f322, 324
proprietary conposition so avail able fromBrewer Science, Inc. The
M xt ure prctdG2s being shayemindFigure 3ti)t Anterdingto eng eropere enredivgnés: thel
cont ai ni ng about 44 at % carbon, .w.th | I+ Bg-1C i Ve.
Exanpl es of PRAGHHCA eS8 BAsseh Hitiey Pé%q%?%t&g%ga?ﬁlé ?g&eo‘}@éﬁ%r, ¢Es2
po: yE ?lcet yl Iﬁn@]) bfs;*o:ple& gfgayxic rkmlee))p&h ninﬁ@éaﬁ(}tahé mphlemm,ofﬁ@k?/a?m b knabowt
pol y uorene)s, poly(3- % i ophene) s, .pol ytetrathiaf ul'val ene
pol ynapht hal efeand ﬁo‘éﬂdb‘(?ffaﬁ’ﬁé W@WWF%@H@PF l%ﬁd_ WorRF RSP 3r-epshgml%%ne
vinyl ene) ig@@@i@@ﬂﬁ%%gbﬁﬁl&i@s QREINREraIFB b HERBH FioWEsH Figurs @B it is to
can

mat eri al ave a thickness over substrate 112 of, for exanple,
great er t haw widenstood that thewperiags ¢aorpve eihershapes. AEOIdNLINEE §T itht be

| ess than abqut.. . Mo 6 ' toqul ar
desi gn rul e?mot[ogggeﬂ?%s%et SL{nE%Zf §3m&’%3%’a%£’ %%lp’az'? %’?24? ggiéé’gﬁ%g% P %%s
di scussed afsayect can besuspdar formmbetainats of 28paaiiol dructukes, 45 hesamaivid by es
that mght formit. _have not,.previ.qus been consi dered for such a
use. Previ o*lPﬂe;?‘,atei%Wﬁle??Pfdd‘gaﬁy Iﬁ)%’i’ i el ectric for support
material prgussied easvechol@bioas ofnodd Erabbditastits ehSogenings 82,3123,
devi ces. Al so, 'silicon dioxlde general ly withs Oan‘grjfi?subse%uent hi gh

t enper at ur 238 2 342.744, Bn 3t dehid>g: 4o knd PEEFETTIOh R
given to uslpg, Bg@'&?&%&@@&‘oﬁ%b%h&‘,'vﬁgl_eih@%ln FRteohidd, atepac s ky i f
el ectrical I'y®conduct1 ve. V%Ile provi di ng beneficial etch capabilities
in form ng feanédwihineegion 28 ofnpdstomtiph dH0.colikatizhitisgcl 23fpis showmiamed)|
m ght not w.thstand, hi t enper. LN I t :
conduct i ve, S”BB@?CH'&IY ?Vgg & @%Blélgi% g{ﬁ%r“g‘{“?&g ?ﬁl%%ggo}nit@’ %%(\%%g%rg H(ag]])lf by

i tsel f [ 006bkndbrnedlizmgahdsaagrearinmatthat usal toSems detdpemags, viiete kf t he

Figure | A wafer partign 210 shown.at_ a processin tage s ' to
That" or| £ ddersidad et Biereach g b ionlisteh BT SDE Bh AR St

| ocati ons 220u:1222araR3forA Rtht 88 18 FR SN WPeridslbver BB yareyiragion 24.on
214 of substrate 212. As illustrated in the enbodi nents of Flgu%gls 2A

and 2B, opeSichgichased toxgrm tipggench ga bexppductedeithen griorigeor 2figg e
252, 254, e [ 0 'rﬁﬁﬁi y&%q o] v Rnthe. agde
| ocati ons a&ssg%ct:ol %{%éﬂ%\ﬁ!t aetrﬁ%%gg %ur a%:(fewg?h‘gugﬁ?a%%e_lg, (wth
node | ocat i @rsk3R in 22t v@HAparedia@2en einef ménoowi cEls ERejuding apciated

According to one or re embodi ment h ' - |9k,
aspect rati ‘Ef‘,paﬂ@éﬁ‘i“r‘?g&ssr%?’ gefﬁ s td f))é%r%?c%ﬁ b @ét T 1}!@%%(13_5(?&25 n?atri 0
of 70:1 or glaBleds.a bhhger@pREIpBS etchliackpyg, HA acldawet with oidefsnpportabout

1 to about 3 um_  and a wi_dth of .about &0 nanoneters (nm or |less. The
openi ngs arBasAgwAoRAtAckiag teperiphsry 8L#8 AR i pheries (as illustrated
by the top w{)ﬁWVOf Fi QU6R1RB oWk nidre Efibd@mbits UBEHBAtRinadehd dvataiidie
openi ngs cah have ot her shapes. According to one or nore enbodi nents,
t he openi ngepedBRs w2Bih mEBery 2Bg regigin?1bapm the ganchoyighin seggon Sfmayes
254, etc., can_be.used . j f i hicas
the sams wi foB S PAarS iRk «BRABKRRE AR GERBEY i ThiichiL e

[ 0063] Accor ghiobgsing, abgqaentlyaransferiarh pattetrsfromiee isrmied geask spundegying
236,

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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238, 240, 242, 244, 246, 248, 250, 252, 254, etc., are forned over
menory array region 214 of construction 210 and, while the openings
are formedwoaodoigsreh 256 is formed within region 216 ofpcgaRSsoMeisbN
210. Although trench 256 is shown formed sinmultaneously with the
openi ngs over menory array region 214, and accordingly is shown
fornmed uti lrkfldcrige téming JAR R tmkeriak thenatichumeasuras ntighthetdraittep elmangor i t

istob der st t hat .t n . b [ I ' '
(ot shoun)fior SRRBHR e A R eap R s aapPr e g B R BRT o

openi ngs OV@firefefiNe)odtifgABATEY) wateddl4. Such etch used to formthe
trench can be conducted elther prior to, qr after, the etch dto

formthe cdff@ilner op?t&ﬁ?‘ﬁléjg.ta%%@i ‘&P’égfrf\‘/h K upporLinateral 214.
As one ski | &ty Hastrblgﬁ%l%cemdul:ti@eoeﬂé&[%a%&raa&isﬁ&f @¥h @fat FRMGPENINESIRS
(1 ncluding associ ated capaci tor structures), may be surrounded by a
trench to preavisdeopéntlyicteed igobunpogmatérial 2é&alnsiueh ambedimspisi B t o

keep the etchback . HF i i i E o B hi
from attac Iﬁnf‘?ﬁf’%?%lg egﬁg@ﬁﬁ%ggr“fg%#’ gtsﬁ%%g?é?%%@ fr?@o%%i@@@%?%g tgﬁgﬁ O
mor e enbodia@twith $OF, ST, A, of Ni/EgH Fanviairaery, epénaregstegirs,Hl A x fehmdrsy

array region 214 and the trench within.reaqj e C | i.shed
by first fd’r—?d’f»r?é‘dz) %ﬁéto%@@@sﬁﬁﬁgkﬁ(ﬂ&&%m%%ﬁ%ﬁ s Cofe @ﬁ})mancsl
phot ol i t hogf aphiC PHOLEsSIdEble 2HREGEIEBchg LbRIBBIihdIBgsauRAYihg O
fromthe patterned nmask to underlying material 228, and repovi nqothe

patterned pndSehésasinduetively coupleg plrswr reasigabdiatal Towdaterad deoits 0
associ at ed | Of el 3t ¥e
atringont Aot 03B E bel i ARPLIDRH (RRY SRR of L kb WELILS
shown) can i afficotwo@ot.at ed i nto support material 228, fornmed beneath

t terjal 228, f d o t terial. ,
i Copport TR4GEr i ot 2580k 5 PEer o ERBle Pl ielienite ey

material, tgslymdel) ane sl &Santh@itively coupled pRlsméb reactoeator torabflew rate of
enbodi nent s tﬁe ARC materi al ' [

| ude . -Qn, fi :
bot t om ant iaPe 9009 Feout 484 seea a?‘%y Q’?Ff‘gef %Pgé??. 2 F‘bg‘tr%ﬂ %@%‘r’tg"_l:ﬁglnt g one
or nore e ntégggg(}gﬂ tSiotor BnpRrRRe ay Bt RSt Abou? 26° ioibbial00y Chsmore

rel atively conductive electrical characteristics such that the

openi ngs neyedificallyi EomBSOPICHI®IG Reastns @rassire mey peSiom #hotby fo3bopbE00 |
such enbodi nents, t i [ [JrTeR S L5178 1 98Resat ed
froma gas r@@%o&?rf Plgﬁea%ggliﬁtgﬁqlﬁ{?grénb (ﬁ}glé@%ﬂﬁ?my%rﬁ %Ov%reéﬁgl4, N2, Igr

N2/ C, PyFz, pietaybe fipm sbodt 300aneboutti@g@maits (Wxox morgspegificayy,S4, and 0

< z 58. Exanpl es of z incl yde CH2F2, CAF8 F

(aromatic) 2P g?at‘él?’%%eRgaéforg’faS%@’s g Aot 3 rt%%?oé]ggé:(g‘ﬁ?ltﬁgor’ more
condi ti ons shaGlialeSappedirmiticRal 102088 d0R Rk dnepleof amidthadtivelyl cpusied plagda
pl asma reactor at a total flow rate of aboFt 50 Lo q{)out 3@0 st andard
cubi ¢ cent irassicsraclydes akam 3 390(ye systemavallapiedipm L Resgareh Gprremtiph
S of 1:2 m@r‘%ﬁ%‘t’ dRe58}Anot her set of possible anisotropic etching
condi tions I ncludes supplying 02 and Si Cl4 to an inductively coupled
pl asma readp®s7]at a tlofuathef debof poasibleghisaisenic esbmscondibiertngBdesscem
and a flow rate ratio 2 YO Si : L, S Rety r8Qlr
reactor te B?lﬁltnﬁ(raéarr%dagﬁzl%(gaf?pc?%%ggﬁhfﬁé%@g@g&%ge&ﬁm 100 C or, rrm_re
speci fi cal |gpoutf 1000 Bbult 607 ech anReaftdvoratpratie f Og todly obk2 o drh dbgilt 5
to about 100 mlliTorr aor, nore.specifically .from 20.10- :

hi 111 Tor 7 Upker < B Tle a“LE‘&“’(PFFeéQ@Bpg 5‘?@8%‘*%‘&?5‘5@? AR Sk 654 o
about 1200 wattse i WeeRifroiDhS4 SREMelshmalfand Jrangx i wtied @/B50asV
Reactor bias may be from about 20 to about_ 200 volts or,

) nor e
speci fi cal Iyixtupirrmyided @ r/5004 of (heitetal flewelnesilgpict EACL SRR DY v
coupl ed pl o { 0 &ifi Gy orsyiSoer 70rat.| Redctor
from Lam Rg%(ra%rn?:ﬁ&été?%ofpa%t%%ﬂ%iﬁnéégg{%%t%? ‘é81.| [ ]fy',’orrni a. [0067] A further
set of possirkisereamiysetfropatow Sehaapt d oM ailliTonsori mer garessticalipoiom3g 92
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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| ow frequency power of about 20 to about 1000Wsupplied at 2 to 13.6
(MHz). One exanple of a capacitively coupled plasma reactor includes
a Lam 2300wbxebenscayst em avail abl e from Lam Resear ch Copgmuszhesmnidon
Fremont, California. [0068] The properties of support material 228

di scussed above, especially. with carbon primarily in the formof an

el ectri cal | YPVEHRMFEEY Daver A aboi 28 4¢ Ryt 0L W svppliedatdrie 1846 (MHz. One
bl ond. 6. q. - m r ; . j
end, e.g. exdMpit Bf £ caﬁ)\ﬁfltqllhgﬁlgrc&g&sl%@tﬁérﬁ% {:e?%téi' ﬂc}:luﬁ@g 4t &m QFgg(yE%ian system

expected to all'ow nuc an possi b I'nsifi1con
di oxi de. Thevashblifom LewReserectt Comsratipp dsBemioat, Galifdrnial sputtering

conponent, i i sotrapic etchi of suppar .erial 228 is |arger
t han t hat m“ﬂ)sﬁlgf| i con gﬁeo%oagﬁfs:ﬁ’n%’? Poréﬁl% r1a‘t%2;§§f;%:ﬂ§s§d iaéo"év’éﬁi’e?r‘gﬁg
dramati ¢ f owithaatbon pHisekboRehPRiBELS eleSHRPOY dondBétBle] @rb2ShclBdhet hus

be nore effe&ti vely ani sotropjcally etched at high aspect rati os.
[0069] I n pr B HES aﬁ’ﬂﬁf’bﬁ@n@%’?d’tergeﬁ’@ﬁi”é%ﬂlgl TR NBEHGPATIeI MRS sAY P§ ne

silicon (c-egieitehayRIFERQER E%h@fsdgﬁ%:t)rartfég bRs Qgsilﬁg'ir;sili(‘!@x{[&}ﬁgigg:%he

denonstrated in research and deve ment . wever, 1n such approaches
a silicon dffisriierd compomEpt, g6 ppessed teerhysicall spudarmgnompahéntyin ae@olrgpias

hi gh of aspggci: | . |t igh crystalli il.icon
(5) may Bare O uBRof Wil PSSR, Bt Ml afide Rl S St
accor di ng t difforeecois ener moendrematiefot sarbbn bivk bricgRdyhers NBeftornaterial
support mateyd al 228 nay _enabl.e exceedi ng,suc spect rati os given
the pr opert?jegsm@éégf P%g%r%%%ébﬁ?ly\?ﬂﬁ%tﬁc’pﬁ%&l ef‘?‘e‘ﬁﬁtﬁgglé?@ﬁ‘gﬁf‘téost 0

ef fective af06glt r opi dnrehduzGpbldathes) iatRlslyld@padiloreRtriEalBhd silicon (c-
[ 0070] Addi t%i&ﬁav!selsry’ spi n-on appljcation of support material to a
desired t hi SRABESTRAIFISERAST FGORP! B briviyLO0rhgerpensitaicd i wserach ando a
Wi der vari edeyel@pmPhto FRswevhS, f\Guch ApSraTRRE h%ﬁ’i@?ﬁ Biok e T5 Rt %\{pgeﬁrﬁ?eﬁérﬂle
capacitors in crystalline silicon.” Further, for process Ws form ng
buri ed di gi4oep nefedlowipperlpps bigh of adpeitretics duedothewesd ith whishweystalline

difficult i I } 40f the.silicon, In.the event

t hat suppofét?ﬁcr?gl;tg-?pghyz eg;BV}Gtot% ﬁ%%{mr%? ?%?H%Ogﬁ%ﬁ (lz)c?e @f(ﬁzﬂ'cé‘ﬁ S%C}loduces

' bowi ng" ofaceorflgttopee dumbregnetodimendy ofabielpiesenn imventior, uppornnadtei0n28

silicon may_decrease the |ateral etch rate and hel roduce a i

St it gnt or "BRLTEER el e sRetbibes e s Biind Pongrel abbenirente, which

openi ngs 23AakedBrhoreZadfenalld &o eifdBive Zﬂigatr%etc]%ﬂﬁthaﬁ‘&%gstaﬁm1séi%?c%%(c-ﬁ@fl1
uc

etc., are f dinan array within nenory array region 214.
array corrpr[ﬁé [ OWS %I%’Sﬁhﬁﬁ@.‘o“ﬁf@h?@m of srpnset edakel de p desited

1 1t Rk A e TR 1S 8 SRR, 10

array ar r arflyersdncempgrisop ée firming tranoleistydl sagadforsiatarystajlismas hcanoWukther,

gglnfsi ?; a q@ll ;Lrogéggﬁ%g‘\?oén?nfmr%ﬁ%?gtit fir?e\év,suste%f %rlylst%ﬁ/ingisgﬂzg{l w%%lcf involve
difficult and expensive epitaxial growth of the silicon. In the event that support
material 228 without titanium and/or silicon produces "bowing" of a feature during
etching, addition of titanium and/or silicon may decrease the lateral etch rate and help
produce a straighter profile.
[0071] According to one or more embodiments, openings 232, 234, 236, 238,
240, 242, 244, 246, 248, 250, 252, 254, etc., are formed in an array within memory
array region 214. Such array comprises rows and columns. The rows can be
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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[ 0072] Al t hough openi ngs 232, 234, 236, 238, 240, 242, 244, 246, 248,
250, 252, 254, etc., are described as extending only through support

mat eri al 2&9 Je/ue@er | yi ng conducti ve nodes, such as na@esysdéfoorks?,
224, and 226 as shown in Figure 2, it is to be understood that one or

nore other |ayers (not shown) can be provi ded between the nodes and
support mat é#972l 228 éﬁhouﬁbalpenlnésbﬁeﬁﬁﬁé@@%}ﬁ 4G P4RIR4NBIGODIR250,

et weon supRore wat ot PereShR & Alnae o ARuh NHRhuERg 2208 550
and 22ﬁ ount&mbnng}mndmwe ng@ess:hmp a®nodel @2@1200, B0 pnd m&%l ssha'\bﬁltndi S,
an etch sto n sup material 228 an

regi on 218 g S u%sttll's g‘% fe 'ff%m?qv‘%’%ﬁﬁﬂﬂ“éoﬁﬂore[%gefﬁyﬁﬁ @pt¥hosmppan @yer
can prot ect provitd lbyiwegn MRtrREEPdnS, supptirma@ri b sl ftl?a@ﬁle%f efiﬂgssé

212 and/or el gﬁt r c?aryédew ces (not shown) supported tp

during a suB% FPoV'ar instenes, ap sich sientlaer frot 217_1'8er ¢Es b@wenﬂed

bel ow) . An gi6Rersd g frrgt c

non- uni form ttl ez l@? Oﬂéﬁ%%mﬂ%%og{e%gﬁgg b}éé%{cﬁne(ﬁfgi?fqﬁgﬁ 2t2§1’r %’B&I?rﬂ e
etch stop afét the opendras spen theetch 3@ layen dTIRR6s, wi toh atop éaen 23 Blschown

after the e teria Th ch

i ncl ude anyg‘gﬂf%%u?g&@mt%%?? ZIS an%vxfﬁl%‘hﬁgﬁ%%élpftmﬁ%ﬁ?r’ﬁﬁs g%‘g‘c an be

[sglog\zi[ IT \éel %/[UQﬂE]hedt aﬁd?whﬂtpp ﬂa}fliexl' éﬁﬁ?ﬁ‘@ﬂe&, L}nberl)ﬁ{lﬁ; hﬁﬂﬂﬂl}g&' §d’ch(§§}[:he surface
e figures strate formation of capacitor

structures ?% [’ﬁ?teo%grﬁ“ g€ eﬁmt:ﬁl e¥’tﬁ‘5~bé§‘l"f Sh%*tﬂélsmom%méﬂrface during

enbodi nment sa beséa%@ntﬂélﬂ@@d‘ﬁbf bd}a‘ﬁ@ﬁ%e@&:a@@% §cu§s@d Iok )3 layer

enbodi nents of t resent di sclosure inc de fornmati on o

m cr oel ect r'B&Y @S%thﬁéif%f@s“tsﬁ elgh Inpn-uaifernsikied, ifeatyi The hperdmgs cml bé
appr eci at e Jqas R eibiSiob b BLIGAL LS F0 G IR RO ccond

incorporated into t ri cat on of other’ §enicond
[ 0075] Fol | cfghmajter ﬂtermh tbmugln sugpertopeerial §88.i The eh siup parf inclhaé egy al

g 3|¢8)pof;J : Pnatta%I r ‘P%{t ﬁ}ta ena?lgec e &%’ﬁé’ﬁ Bl"’l?e&‘i‘?@r#q%&ﬁﬁﬁglﬁt\‘/‘i#r étg‘ge’ddégjc‘?agg@d

above, may daempleconylicemhagidel t her before, during, or after any of the

fol |l owi ng itor brication steps. Depending on the particul ar
appl i cati orﬁﬁﬁl}a1 suppgﬁf3 ﬁ&ﬁ‘ieéFhaéfOIIGB’dﬂé%tfaﬁq formatinn of gppasitepstructures in

fabricati onhd &sehHgs Hﬁtﬁe s&ﬂﬁ%nﬁﬁ'&i&‘%t e &Eb@dlm%% §'§¥ ('P{Jsgﬁt iSANBL e

be heated to chan? ., reduce, theeectrlca
properti es aFn¢tgel é»o’infi eprpdiments.of T pegsnbdiedsiumginohude mrmagombf t he

supporting om%} ﬁﬁér@éle&fr?)n?tas\ﬁ%cﬁ%&rﬁRvelile%n%tskﬂ eg){r{ L ARSY i Iags ecla'}é how

acconpl i shed i n one , allaton
ti me- segr egsiteed op thed Hegiareg &a’(beﬁsnents may be incorporated mto the fabrication of

other semiconductor features.

[0075] Following formation of the openings in the support material 228, such
as by etching, further processing, e.g., curing, of the support material to effect a
reduction in conductivity as described above, may be accomplished either before,
during, or after any of the following capacitor fabrication steps. Depending 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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[ 0076] According to one or nore particul ar enbodi nents, after openings
are forned, the support material is processed to effect a reduction
i n conductweoizbgs/ibgzoheat i ng the support material to at |FEazwsS20B8M01693
degrees C, but to |l ess than 200 degrees C, for up to 30 m nutes.

Ther eafter, icatiqgn of,.the capacitor structures illustrated in

the foll ow rﬁb;&%ﬁ gur esgicgorg’d]ééﬁ’wﬁﬁ ‘gHEQ{e PAE{?B[ﬂﬂFWéO@%@eBﬁeaf@r ORPHRLS are

enbodi ment s forieg, m@t@@;gio?ﬂﬁat&‘idl UCHrbERSed thlegretirAt@stibA liﬁ bendhob)igwyng
ed,

figures are fabrica and then the sug{;ort material 1s procéssed to
effect a redtrtingdhe supperd medrsial toiat Jeasts! Sesteaicked, Biusdo tess ther 80U emgedsdC,

one or nore [ t . erd ' j ed 1o.
phot on bonbag dhaae T s Dfer B8 Htkc B Ebe B by SuRd RS Ehalnel in
fields in atidifbllonngdigus id avcbmplished., Attredingad bingomneaeesdhodesers, thed
above in order to effect. hange. i he el.ectric conduct j yi t
charact eri s? El'p(?gllt%rfs rPﬁtBregL’J@‘ﬁg’?tteg??h‘ihg??%Wlﬁ%ggu‘[e%rf% aE?ﬂearéijt}Y‘?'} in
the art w | bupppRimeaedd & pracesave BiftQRabddcki8M SP@MaMtivit§ 28 detaASLIHRPOUS ,
carbon/anti-reflective coating (1C ARC) masking strategy for formng

the openi ng§ YR ERMFRPI IR NishheifupRIr g agriel a8 35 subidcted to he
t enper at ur epiitof boRbatdmeASHIARAN ANV et 384 tb QleEEW%eﬁgﬁeIds in
conductivity of the support material). wever, It w e

appr eci at edaddiign tg, qudnilisu pbtheshesting piokess deskibadaboye moaetofeffectr

pol ymer etc [ re. AL tomc | ayer deposition)
oxi de ni ghta}aﬁlgﬁhﬁgge%gﬁf zielr%mé?tcguc?E %lgy gl%aé?l‘:%r{&gfﬁs. %ﬁ%ﬁuéﬁﬁnﬁgﬁﬁgan be
deposi ted af00f@ps asAf one skiiledGn drgieeld! Bprdotps adbiendonapahipaait,on,
and feature configurati og, an. organi c sg}i@ﬁn{}gw ARC coul d be used on
top of the G%r HEOIHIOPREY a"ff"&rfe&%&% Goang (iG/6R C) mersiBE sirgeeselosA s a
di agr anmat i form{pahsoseaaiss Wit chIEN withehdtiedith Eprofesb@bfhe BRI tion 310
shown at a processing stage subsequent to that o[f} Figure %A. A
plurality ofM@FERre prdile(s) disnerad abame (Awsdeo rasias thesendrtvitgodthe S@posnd

326 are showmeMin NEBWERIOE Wi j X In the
enbodi ment s of .F? gtl? es SiAEg]#gB%%?br%?%%dr)l ﬁ%%?ggé ?r%té %?’ ?tgatﬁé %@gélg% f or med
wi t hi n openfeelpsqwdor 2 sdumesgeh. BBB a 18W0emptaure34 LD (Bbhhic B8, depbdition)
352, 354, etlg lJ: Lt hi en 56. ectrically. conductive
mat eri al 36%&%%% é@ch%rﬁ%egﬁe%%g e%or?]pa%g'i 5&‘%&#@? Oé‘f‘{fﬁf?l} %‘%"Ii‘?lpﬁs’ge% at
conduct i ve tmmpeas laby, asdf) degrecONPrebarlingibr ipplieationy aidteatrealoatiztiratat,| v
conductive materi.al .. Thggﬁgectlégcal l.y Condﬁtﬁti ve materials wthin
material 360 CETCHLPE RRPIL BT pselion iappleine qride 15 sgdisddfonphote or
exanpl e, mat@lutioet al conpounds, and conducti vel y-doped silicon. For
exanpl e, congucti ve material 360 may include titanium titanium
nitride, plEMT8um tdngee dh is 3 fiepwsimaticuememsegiipnabyiew of the Figure 2A

[ 0079] Accor PR frbegdi | fe € tiyve
mat eri al 360 f\%\nq%otﬁ?% thpﬂgggﬁlfﬁas |nm§e@§%%§m%3fg§'ge§/ﬁ %Qg?tgoﬁﬁﬁggén e
consi der ed Rlwaligrorelsonicallnemdsetivgatode Beativrtsiiza, 12423 dpeni 1Gsre Fown

i nstance, Fj: e rtions of . conductiye . .materi.al 36

W thin opery i et BNk RO B0y P 0 LE CBHAY bR mebmeLr eeres A
struct ur es a8823B, 86dndudiee ramerid 80 isMoemedwithintkniabs 387, U5 £33623880840,
consi dered t.9 jhc ' r.su ces 370 within the openings. and
outer surf gégé%éﬁ’qffﬁﬁ %&gﬁ* ?/Sszoé)%g%:d ag grellig Withietrensh Spac Blsctirlly out er
surfaces 3%3ndfcavshawhial T60CAALEE hoto i t
mat eri al 328ni r? \Iéi gur eaBA. Hovveve?, g‘ltghﬁg?p%an?ﬁe%sﬁg sﬁ?lﬁgétrﬁg%o(\:m%%%ht

be formed BeAwEbPr 6ot emEriferadrle Spprsai¢losuispy condacierd mitedds The

[ 0080] AccolficRafiPcRHiciVe %Eﬁal?@ﬁﬂgf LT 368 %{n& &%q}?risgfamg ?Iﬂgi%?et Ve

material 360 may ultimately be incorporated Into a capacitor '

el ect r ode, nfageriads inehlding, forcapmplet metak tetd gempodtels, Adeondlicigély,doped

conducti ve rial 360, may he.referr 0 as capacitor el ectraode

mat eri al , Sirmérg i(::%pez}i(g?lf’ i C(}/é’idgc?tgﬁénﬁgbazqﬁéfr@yi’%‘ﬁ‘?‘% titanium, titanium nitride,
platinum, tungsten, silicon, ruthenium, etc. ' '
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[0081] I n the enbodi ment of Figures 3A and 3B, conductive nmaterial 360
is only shown to partially fill openings 332, 334, 336, 338, 340,

342, 344, wéboovPdéhes 350, 352, 354, etc., and thus for nmp&E@ihaioReicos
structures within the openings. Alternatively, conductive nateri al

360, either al one or in conbination with other conductive materials,
can conpl et /i 11 t Aecupieritngae eromeisembpdidestsabortions plymnjluctive
structures WadHaD36d&itRRGH ; es .forned from conductive
material 360 in t he openi ng@%ﬁ}r{ggﬂfm? {?é&g%%& e{lg%él}gs ?aﬁlcqeucrogglgg?g%
pedest al st farat eontainer stawctives withiarthe dpéningas Foeipstahdep Fighte 316 khvasthe

[ h A i Ly _be. i di. ' ,
L0062 F gur Boatt & Rl Rhucrll 260 B GaBrentis ERA, Hdiio e Fi gure

3A waf er potdiasportilf) ®howairt sttuchireS TS BHY 366 a8E368) bﬂfe‘l&‘ﬁ&ﬁne} Qrddidks
of Figure 3A. A gl urality of electri caISIn%7 conductive node | ocations

420, 422, 490 B {@noTedibingMdoHngs tusases A RuYithimtheppeningy and ottet of
bstrate 432 i = 4 | ans-0f
substrat e 432factdBiNReRMHeThoRAto Bk iFled YiBSe 4@1%%41?3%%{1%%?%%%@{(3 440,

conductive material 460 outside of openings
442, 444, 43ewnangoniagyvithygnd extentlinglong, seppertmeatenva 328 whiighreci/eat es

di screte ca r r Kfi.call cgnt ai ner structur in
t he openi ngga%%' eg’ OrtI?atj';rﬁ)n\l[/%lq‘%{:[;%{1 sri@f/){ %‘g’%@éF&%ﬁl%b@%‘fﬂ?%ﬁ%ﬁ?@éﬁ“&@%iﬁ cal
pl anari zat i oW sgEhd?) marigl 38ch back, wet etch back, etc. In the case
of dry etch Q%‘]k ope ingds 432, 434, 436, 438, 440, 442, 444, 446,
448, 450, 4895054 orting @ qne o FloraeBbedipeits.nortians of pondegtives, g
with a resimbteridl360 woiytiRmRMHe iREorFGARH Gith x%%ﬁ,.%%@{ é]@étro‘ii,@,%?éﬁmc?%
ne or

may avoid the additional resist formation. [0083]According to

nor e enbodi FEAMLET Stgeag ARt 4erordingly cconductivematanial B &lvaay bagslemmitoras

mat eri al  428phctoPOlkcttdde Gl 2R, odi nents of

t he present |pnventi((:)n are not’adggxlc{qﬁﬁg?eéﬁ?o%%g@éﬁ%?nﬁﬂgorti ons of the
remai ni ng sdpPdrt matle tieambb@Bnenapf Brgures 3dvand 380 chnituctier mberiah 3BOher

t opogr aphi e furt i L.,Qn, he wth r ect

ol B gur os By SEPHSD UaRIG BN Spetinde F2r o S R S D 550,

materi al 4282y ¥itos anpthos forms eutithesitiicae&Svithin t1f ogehBg & ARRGH A el

structures gs CE as, f.O{ 6eox | e, the, container structures 462, 46‘{4,

466 and 468 8‘?“" Ve HiaErago =%§@6P@Pﬁ@f Fogthinayipn wathotharisordustine s, in

Fi gures 4Amddteria3d) BROES ' - [ | Q0.

alr?;y regi on 4{14, Eﬁgdﬁ%%ﬁl?ﬁheﬁ%%ﬁ%‘%ﬁg&?féﬁgaﬁop 65&)‘(35‘?121 o‘acfir%ngﬁ g

support mathe eRenings g Thestrichies farraest Gomgbnductive mattriak¥ftin thaumenings,
rfaces 472. I Laur -4 ort

su s 47¢. t}{e%ﬁé]depst}&%rgé'a%ﬁgﬁﬁtstlﬁ%tgg%%%n%g [t eeq%glagg CUPF 418

material 428 also remains over ‘region perip
O her st epsSiradiyrehsince ey masulimeebstar incorparaed ditechpitpport mat eri al

depend on WASher  or T RMETA PO HRAH Sr R AEPY L e Rdnges

to its el estafirpattionandghdvy bt probasiag bRfE Sltk&RicAaSHd: BeHiaRoYE. A
plurality of electrically conductive node locations 420, 422, 424 and 426 are shown
within memory array region 414 of substrate 412. In the embodiment of Figures 4A-
4C, portions of conductive material 460 outside of openings 432, 434, 436, 438, 440,
442, 444, 446, 448, 450, 452, 454, efc., are removed, which creates discrete capacitor
structures (specifically, container structures) in the openings. The removing may be
accomplished by chemical-mechanical planarization (CMP), dry etch back, wet eich
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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[ 0086] Conductive material 460 associated with individual containers
shown in the enbodi nent of Figures 4A-4C bear the shape of an annul us

or a ring.wbtasi2é04 be under st ood, however, that nateri@grd00m@i690e
formed in different shapes. Al so, as discussed previously, nmaterial

460 (alone or in conbination with other conductive materials) may be
in the shafeoss] a pedesomingtnsneanmofe dughodiments, ehhoytoid ISHaPRAYL: a
contai ner. [0087] Accordin o I e . I ' pr esent
di scl osur e,tLet h(h ”é%?”rPPSE?Hai%WgE% 1:3\};'0 F@Eeﬁrtlgﬁqggﬁk lg;gg% @&Sg%?t

mat eri al  428,RHBndrAf B prRtens Miventpoi 2t nototlinstdiadd watbingorimms of =,

and thus, avoiding the need to _renove the su t Jqaterial i

m ght requirm@?\mg_sapmﬂW@fl?‘if%&i%@’. b%ﬁ’“&%&‘ﬁﬁ&%ﬁ%ﬁf frang F_a"ap%\éﬁ%ﬁﬂca]
support mat&ridles '{%e?ﬁt@%‘r dReudsdnHRIRNEWTh Rpedt GNFRDiey 5assCgned US
Application no. 11/971,138, entitled, "Capacitor Form ’Esg Met hods™,

havi ng conmid®84invent dvsshpyn it Figutes #4087 b0 PPN énﬁifg‘ai’éié_ s
appreci ate cer t'ﬁé @étg%ﬁ?fg&%%§ R d éﬁc‘it‘&% SARYurESBudasOR BN P, thee

met hods of PRE™ I'sclosure over techniques which involve
renmovi ng t hensitppetictured 442, 464, 466 @8816H oFiguteiddh). Asperdingiapppor more

structures, such as shgwn in,t Figures,. .ar | it h.retaining
struct ur es SRPOALRGIER g‘ﬁBTCF %6‘%!’5%%) rfo?%fggglscﬁgggrg%gggg% i rP;? P?({:r} (%f;
retaini g Shéeh We@s répich Mal Adddidhalierberdingito oy oheotereni bodioknts,
according to known techni ques.  [0089]Figure 5A is a di.agr tic,

Cr oss- sect i URRAT TRt 8rawains Yiisse AR heF 81acsah OHh S‘%’ﬁﬁ% at a
processi ng @6@%9 subgg ﬂ’réee%bohlﬁnélﬁ af F%B;égi4gu4%,zs§ﬁporﬁnﬁieﬁémj8137500 f
c

el ectricall nducti ve node | ocati ons 520, ., 524 and 526 are

shown wi t himamaiesorse regipmy 16 e remipbaral weios S+ Palies sisppmay fe fa5gn, as
enbodi ment of Figures S5A-5C i rl 4l i
conduct i ve TREEFT al® YL AR orpgrr% Jﬂ\%ﬁf2 ttgr%'v%r 0 eﬁi4rl183ldn (ggépé@gzﬁi ISegg),n
538, 540, 542, S944profetfion 1A defmnd onSHRthes 54 whet suppoCoraterid #3&

material 560 of the capacitar contajner, structures .can dto
as a first WHFECFTHF C W’dﬁé’ecghcﬂi EWHEF&‘P{%\/C‘(%‘?‘I %ggt?cgldlg%?jfg%{: g}'rr’f;v%é
referred togags)a SecauhdeapaGhiteial abeeaisooidrd withdndiajdael dontairerestorades
560 and 574, together with dielectric naterial 572, Iorm an a;trig}/ogg

capaci tor sinrthevabesimesof Figses, 4566 bearric 588° ofit MRS 24 Pa
Ce)'f)g ni ngs 531%(1315_;%%@ hr’c?bﬁeveé 3¢ il %zmaf_’f}élforghé@ in difiBrenPSHaped Hls0,284,

discussed previously, material 460 (alone or in combination with other conductive
materials) may be in the shape of a pedestal instead of being in the shown shape of a
container.

[0087] According to one or more embodiments of the present disclosure, the
electrical conductivity properties of support material 428 are reduced at some point in
the fabrication process, and thus, avoiding the need to remove the support material
which might require wet or dry stripping. An example of removing the support
material is provided in co-pending, commonly assigned US Application no.
11/971,138, entitled, “Capac:ltor Forming Methods”, having common iﬁventors;hip,
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 aspéct ratio structures, such as shown in the Figures, are

provided with retaining structures to reduce toppling during processing. For

20



The openings, together with trench 556, are shown in phantomview in
Figure 5C to indicate that such are bel ow conductive material 574 in
t he shown wbpewe1Aé0hough t he shown capacitors are cont gidi®fs2009/001693
capacitors, it is to be understood that in alterative enbodi nents the
capacitors can al so be pedestal capacitors, i.e., can conprise the

di el ectri c simalizity aletabit®s stngturereare oplchowh ierefralus may| bespdudediasprarling to
around pedest al f. material 560. [0090] According to one or nore
enbodi nment ,O%iﬁcgplgﬁ%ﬁ portions of the renmining support materi al
528 may be jo@swpved aFigre $Aés DPiepiampsaticecrgss;seBBDal Gid#,of B8GigBBEA 540,
542, 544, 546, 548, 550, 552, 554, etc,, a‘g)d trencq e ?.O,u 5?@ have
been f or medvafermertianlfshewn akd praressing Stags HLsguepHR hat B i g 'uﬁ‘port
mat eri al 5?) rﬁ'i?r%/' oPEleEERR nA¥&@lvend8e [REMINY 580,/52Y, 520inar526 hée showh

| eft intact 1n the peripheral region 518. Accordi ngqqto one_or nore

enbodi ment syithimmemonsaresy regien 6 bhraf HibsEate S b olntheremeedimpotl SIS Wy
renoved before r_aftqar iLian. SOl Sy ihl @ CWVP,
of a | ower 5%6&%?%{5% %%F{lﬁpﬁ7g%g?§8%&{3tlg€%a!3§?i3\3’2aQnﬁogﬁ ie(g?m 560, to

f or m doubl epsiideds3QpsaQLEREISSS, Fte SEhSHHAHS, B8, 65k Sbenditnting
supporfmateri gl 528 ma r ved in ong.or _nore re S

Ther eaf t er ,éoég‘d‘itgleérﬁi‘?r?/aé?g%?gt. © o ’It%rc(iopf%1 e Stfuechr% Cagg%argfgﬁ (?gbnaslfpper
cel | pl at e fir@ cHpacit6ONEHib L d EBhBIctiad maikdial STiycab e defposd toed asecad t 0

d both sides of the double-sid jner. One skilled i
he. art wi Icpipr QestEte. TheEpaGBITIRESOPP AR > B fricthsoRt pectfy | |

be | eft in%ﬁzﬁérfsﬁl 873, E{%]rpi}%f%lapa{c%g} QRucRES;, 665 SEHOWB, Adl FESYUALRE: the
acilitat

5A-5B) to urther circuit integration features

Fabr i cat i orrapbf apepinga582.8845336u38540 U2 3% S FHB 259 8okt SRt ner
is further 4l lustrated in Figur 8 i i . 5C

o agr amrat 110 BFRE: BBt B HLPURD, g e SPTI RO, Relrfy B sC o
processi ng isdiegethatihsk gredilovw cortduativeahatEiighi7é iR ihe showm viswb cilihaak

including fornati on of one or nore doubl e-sided contaihgrs. :

plurality dke gﬁ@’@t@?@&f’w‘“‘c%‘?ﬁm“tﬁ%""0#8{%“ |‘So‘8§’tei“8§esrg‘§5‘g,ﬁlag%ﬁe?ﬂe and

626 are Sh%%o&!xﬁéﬂkﬂh@@dﬁé&ﬂor@&ixﬂé&sd&gﬁ@lstﬁﬂcﬁf)mito&ubsliaatcen@ﬁﬁe thAs one
|

skilled in the art will understand, a nultg,g e side con;tgag{ n'%rét €8
a doubl e- siditlertiometrialet72 and yherondediyemeptsri 7t Stending YRIRG RIgFstes ©

structure whh.gceater plate surface area, thus enabling greater
capacitance 1h a single device. [0092] As shown in Figure 6, a_ portion
of the supd6020]nat er Askordig, to enegor mbrestanehod iragyis pAdjioBU poriegs Ble | s

renoved to a desired depth.. for ex | OV A6 AdBgdat 653p00
above t he dF8&™§ Smoﬁggtﬁgaloﬁgn%@r%gﬁg}’% @fedgﬂg i)gnt gl’né"r" Structures
are being fo36nEs, 540, 3¢h) sevesdbe s48,84008520554, ken add semdhbergi, 6A%, hanelbesn
to accommpdate certain structural .feat UIE es, and/or ir? I %fgm 5 mgn)éger
processi ng lewRshr Banframpler ersom nOriURAILET TR RSV PRI™ BEE ™S> 1P red”
wi thi n openingeediffr tHeddemdd¢ 4rray region 514, but left intact in the peripheral region
518. According to one or more embodiments, portions of the remaining support
material 528 may be removed before and/or after deposition and isolation, e.g., via
CMP, of a lower capacitor cell plate, e.g., conductive material 560, to form double-
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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646, etc., as well as within trench 656. Electrically conductive
material 660 can be a honbgeneous conposition of electrically
conduct i vewomeeyizedo4 660, or can conprise nmultiple | ayerBsClis2009/001693

el ectrically conductive material (as was descri bed above with regards
to conductive material 360 in conjunction with Figures 3Aand 3%@

[ 0094] Enbodi Y@ ERACHPT SHEtupT wingg doyblestiflehepniairer pofurther lngeptedoniasresy
to include tshg first additional renoval of the support material 628
before formng the first cell plate, e.g., electrically conductive
mat eri al 66d9f?9l‘ﬂli s st Engfﬂa§/IS@éE@gmmIma&ib, aresscedtionalviéw bf b eaférgortion

rocesses, apsiQ i ontilLauratiaons. .Thus,, accordi,ng.to one or
ﬁor e enbodi %ent s{it aﬁﬂ?@e@:?%g gétfi gea%%%%%gﬁtéf’%?%%%ﬁgmgfé‘? Al Tpbsipent

mat eri al 628 clwhngforeitaodfione by moeddubie-dithel coataidesl A plifdlagerar ea on
which electrjcal ly conductiv teri 6 be forned wthin
openi ngs 645’%%58[%'4%’,“9}’%“’8 rﬂog‘? g’giat“lrlﬁ(%g’] %@ﬁ%ﬁ&%@f%“@rw%fle
enbodi nent s mepwiry kredisregion GONBBGILsHAte B AL Bhe SG0Wh Y Lt LACLARENLNOS

in nmenory arr region 614 can be consjdered to formone or nore
cont ai ner sPHRRI B confamesre.- snedenblersided eridines. mayibelusedrie fibmisate a

structures Widabitd} skl@uRRGM Plster @g\% sitllmﬁf[ﬁ%]eaﬂgae E)hu'sf !egééﬂgﬁg%ééage%\gg%atiggme in

portions of conductive nateri al I'n-openin
corr espondi A§Ngk dewvise-ai ner structures 662 and 668, and within

openi ngs 64 644 ing.to_a.douple- sided cqontainer

st ruct ures, ?Oe(@ gp 865 %%(E}‘[Og’%'%sw h%uv{/%q arlpﬁlﬁ'ﬁ?% %?“RPB“B’éat%aggénge%t ly
fabricated beterercamehiign42 aid GHel isremotértoanidsiedilepth) @36LAhbhay ghoviao
doubl e- si dedd Cﬁ%’[ ai ner, structures are shown bei ngi fabricated in

Fi gures 6- 82USSHBB IRy Hte arprin; Wi PReoeT mgte daghle-sided pontaingr stastiresay

i ncl ude anyarebeing forefed @O Bt RRIesitdd ApbUTiES dis@iBYtio TR Rf accommodate
doubl e- si ded cont ai ner structures, and/or any nunber 011; eac?‘n I'n

conbi nat i onSCrAIn SpGyFAl Beatures ppgfpeindishe of ethet rdonsbiieg sindeaintsont ai ner
structures gpezshown bei . ' ( . A igures, 6-

enbodi nent swgf ]t he i nve%@gﬁ@%%gﬁﬁ%lﬁ% so 69%?5%2&?@& ?lﬂlaor%ggl"ﬂéﬁg rﬁgz’a§4r4ay
may be for n@t$. eisi, Agywelk a4 wishingtepcit 65| Blestridally capativt aratatial 660 tareise, a

surrounded Qr e e. ,/]0097] The container structures,

i ncl udi ng t]ﬁ%%@eﬁ@? %%“P‘%‘ b‘ﬂ‘?*aﬁg%%br%?“%ém? ?Y%laﬁtsaa‘iaér@OOfoféaﬁP@Pgﬁﬂed

cont ai ner smnltiplelagss oftdertixallg eosdudavehatetial B WS @esb AHRT abovE hiages 670
faces, 672 laterally opposed to the

y\,i thin the ogegig)g:s nd outer, g]&{ t er
i nner sur f 4668YBPEFONGYRE VE Mk AL 0% g ceuiupsionwith BigrreaRdaak 8Bhd al ong
support nat[@od4l 628 Eniipaanaits o0thBBfestMlifch@bSark HQElirﬁl?Q%f%)éla@]'A%% be

formed between outer surfaces 672 and support materia cordi ng
to one or ribtlEd%ikp SEnt additienal prepavabakthe supnoriduaterial 628rheford farmB@Gheray
ultimately fe JeNGM QAR InbRFa68C A8, for exampl e, a
capacit or stor_gg _ndc_iega’ Cas r?éé}lgﬁgnv\%% ?ﬁecfin%{ég’ﬁ?fégg‘r ginst%é’tm?yopff%@v}%alem
Accor di ngl yerteisdetuisaticrepmredsedsi ard/@6@panitpr edrigubdonef Biusestcb@imsto one

capaci tor e&r?‘&% qugocﬂﬁggtrs,i tﬁfs ’ﬁrs%radgﬁioﬁgle'earg%a? Bf ﬁn%%lrlgp%?t rggtggalr%tii?\rwihi%lh'
effectively reduces the vertical surface area on which electrically conductive material
660 may be formed within openings 642 and 644, is omitted.
[0095] According to one or more embodiments, portions of conductive
material 660 within 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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[0098] I n the enbodi ment of Figure 6, conductive material 660 is only
shown to partially fill openings 640, 642, 644, 646, etc., and thus
forns the wonh@inehs structures within the openings. Al t@Riiyabbisémbiéos
conductive material 660, either alone or in conbination wth other
conductive materials, can conpletely fill the openings to form

pedest al csndepexsnt)amst sstueses. 2w GSiind 86H shope il Figye STiedbestubtrgbientlys

f or med fro con reri n openings, i.e., the

cont ai ner ?rhca%ld&leosm %Ornr{%e esPCtPPsngJi‘Jc %E@s can be referred to as
capaci t or 00963t ur es Algotgetvicizybleagidad dohm&ieelstyudn&es arechpar btiegl i nto
capacitors 0099]. Fi.gure 7 dia fic,.cross-sectional ,view of
a waf er porf"gréﬁ‘i ted R RRpusss O ﬁmeglgg%n?ﬁgo} R citippasorie Bmiefrhng oY
Figure 6 ofizafg Qﬂhﬁ%ﬁ&fdoﬂfﬁﬁdéghtﬂﬂ:uﬁx’éi tah?hurﬁb&%‘f%ﬁﬁﬁl@sid@@@éﬂﬁmer
formation of double-sided contai ner structures, | havi n? not only
the inner stro¢tareasand/p anhaumbgr o ezsh ip sambingtien. oﬁlﬁ}é}“gb bpthaengleryidedt 3
cont ai ner n FRlreqay
be-or mod CHF SiE BB AN SRR ok Bon TR TG IR BHA R n E R0

| ocati ons %28, emb@dn,meﬁ%falmdm?élﬁwnar@n@ho\lmnmd1elmnira MENY Ry nay beegi on

714 of sub rate 712. Onc ondyctiv terial ‘760 MES .

formed on 1@1% W‘?W@V |d8 éldgg ca%aﬁgorgﬁr g8 Suﬁoﬁﬁée% 111\‘rig\)nr°}'li=3ach
cont ai ner &b{éj@ﬁip[ee, e.g., 762 764. 766, and 768, the support
material 728 between container structures, 764 and 76 Eiml); ved as
shown in FilBORR 7, fdkeesnipprstygiuresy meR m&ﬁ%ﬁf%%ébat&bliﬁvwfeé §., 743,

bet ween t h‘?a&tl%k!%}tb ¥BuTBL RS Bnidifl: dRKEES, O IROBhMARY 10ShENEE Hhes
764 and 766 eni ng may forned either before, or after,
support matserfach 67 Wdhmdlje bgenmg@ an'épht@dsirﬂm@c@é’rslééra&b@vﬁosﬁétfé‘ﬁiﬁ GHer g
reduction i_n..can t AVl te,
openi ng 7 43U rfaces gz& f’gt}e r’r‘% ér sﬁ‘ﬁ'ag %’7? lébl{ltgcﬁ%nh @xtggc?al%%%u%t L nﬁ%ﬁgg@
(anmong ot héicﬁ»)e,ve@.%tfﬂﬂmatma}ammmbmwm):lmghobe fmerned)bdwe&n wterwudfacetsrﬁﬁ
support material at the t ei ng renoved. ..The, formn

oponing 749-pel st rfoAttrie & proasors F R TR, SRRt
struct ures c4hdhcBPEimiRBial A HABAHESRY BORYEpotahd ihbURPMifoelectrode, for

conductive material 760 |ayers maéfs not, be of orter

verti cal dleﬁ@ﬁBlieoﬂqcaPh‘éF?rﬂ‘?éagé@ﬁ% |‘%@°H@t‘%?h%ﬁg“ﬁdhqt§§]é9 formed on,
or adj acentA&Qrdlﬁgtl’% SHARALE mIRLEN e mZ}Zﬁs@% NSRRI Q@Eapﬁ@lfﬁr%le@ﬁéde
structures etween contal ner structures 762 and 764, and

bet ween conmmrwé,rorss rapetitarstoraddodacnara®l. [ 0101]Figure 8 is a

di agrammat i r oss- Vi r
processi ng Ig?%@e sub eque%t}:’%lfhmetrl E&Fg?%é“’g%nﬁ%ctﬁ;&orbétgﬂale%%ng %&?\l?own
i ncl udi ng ft@pif&h]]l)ﬂfill operimg a0, v, 644 G4b) ee. szindletﬂuscﬁmnaihneostamAr

plurality of electrjcally conductjve nade | qcation 24 and
826 are ShoWRCTHICE Hid fﬁ%ﬁéwl%é\jer@&. 3 apriicive ST 6% S4fe Atont &
Accordi ng iR AHBin&on WiiEoRERE RN Snatéial, BheednijleelyEll Btht aberfidg tand a
conductive material 874 are formed w thin openings 840, 842, 843,

844, 846, dewn pedesiel (otipery BRwetresEthin regperings. U shperes domddin® i ve
material 8 The
dielectri cqgﬁé@yﬁéfng%%%adggncon tﬁ'}él{t;>1l €g%ﬁé@0?a%@g%&;r§w%¥e&d§srtﬁed
over the r etrattniengaebopodeted ops papat:ﬂmrﬁruotfuresesrmeﬁhwswpbl@rafelwé@ eri al
828 (as shown suc€ that the dielectric material 872 and a conductive
mat eri al 87%‘%%@? mé?‘éapé‘%‘ nto all container openings, including
doubl e- si dggogpnt ai NEToURPE K AW Sgramieiatiy SrossestitianEew of efvafdigopioas ent
di scl osure are not so |limted, and accordi ng one_or nor.e enbodi nents,

the di el ectShPwn Aea RPFAFING Y2easpseaverita ihat oy i &ot s cnbpfiPsier s are

not ext end%ﬁclﬁ&ﬁﬁ%\e Basi t&v%d@%hﬁ’d?ﬁoﬂfouﬁl%@meﬂ'c@ﬂaﬁlﬁpﬁﬁfcfures
mat eri al 828 eni ng one or nore containers.
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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[ 0102] Conductive material 860 of the capacitor 'container structures
can be referred to as a first capacitor el ectrode, and conductive
mat eri al 8w wembmsreferred to as a second capaci t orr@Ele2009m08593
The capacitor el ectrodes 860 and 874, together with dielectric
material 872 therebetween, form nunber of capacitor structures, e.g.,

862 within 6beesr§‘PW5“8 WAROBEHTAY TegiPR 7o efiubgrate 612. faererthe pensutiveber

of doubl e- sintigiaf PPIEYErs forhed oh W 8
and 843, 867 w }[ahl n o%ernl ngs 823%6%313%%&3%1% 6%' lgbv@g%?clg%ﬁ ft

structures iepshueontagcesfructurs qir E%%ﬁé’ﬁﬁ,@ldé’éﬁﬂhe qupsrtfmnmmil 788i ng
cont ai ner - StLURLE SRR SARASERLS) FAr Todhiskng foubl o: el dede

cont ai ner structures
e rrbodl ment s exdneple by fmmg(zap&rer bpering; @1y, FuS bebRechaBesdndhicttRRagtlig 780

i.e., can c%ng ze the dielectr % rﬁl; rial 872 and the conductive
mat eri al ﬁ%‘?tﬁﬁerﬂrBﬁWEFs;jé a8 @ of material 860.
[ 0103] Accor mrog] to OnQpQﬁngT’MﬁanfP@ﬂirﬂiE@Tﬁhe?fbeﬁF@opéi?e?‘eﬁtp %ﬁké?ﬁyrs

subsequent to the above-descri bed et ching and/ or support teria
renoval st ep¥ed Bnihermsthgdsidigussas prve tﬁﬁfféqfﬁatdm@orgm co@@g:twnmy Asene

cured by thengt 1lﬂqgesarfj{zvﬁp gat@ ;Bgrﬁ %94%&’1[ g\é ﬁ%’l%% et etcﬂ ord

conductivity. In this nan I So ’Screte capaci ooy
structures ¢fgl technigubd (@xmdgwﬂtetﬂo,ws meearilm:ppg)pamd to ek@l caadugivithef sigppor t

terial f for. th t t d
doubl e si ded ez} A3GTHR B Bngiutar, Thafminniao e /R cxposes

pr esent di sopposingeur surfaoés B2 dficbhiap@dr stﬁ&fur@%@ 768CAQHtCRGd b RRE
nore enbodi nent s, fﬁs g ort material rmay be cured by the mnethods

d| scussed ab5VESYPBOM uctive MRl 460 ayers gmguer ey v regioy shogempor t

material, ev@tlcal difenkidn FARYRE cohdubibve RABYAF 60 PiyER" g
743 in F| gure 7, as part of d‘(:)ublue Sel ded cont al ner fabri ég{]%dggcenﬁo

[ 0104] Accor &F SgPPOE Défﬁ‘éf iah 7 2$rbeteeempiben eontriner strucivrss, ﬂgaxbewqremcbutaesr may
be formed ughRgrai7hLAg 76£ 504 '[)911&%@1% @@ntgﬁ&%E+Bﬁ%s %Qg h respect to

capacitor structures. For ‘exa I'n structures or fin
MOSFETs, fil@1¢HTs, ar’fdglue Bds a dmgtannwdticacrdssb«mcmmhmaw dfraazvesklsiidiﬁon

f d h d d
Cupport mar 2ol E Yol Bt SRt Ryt o Pt eviinen

conducti vi t1;acludﬁ|ag@&niaﬂo:appasr&pfrlnadreHyubl§@1had ortalfidts. s;\rﬂ@{l}g{ng f rom one
anot her or ?t her ..devi The .reader w | ggrem ate:; the transi stor

devi ces and®@4pELy P%&Q?Ymdﬁrl%‘?“f’%sr Al S?-Qn 84t anst SRfrare shawmwithia
greﬁ QSdSL O?re)knn%?&?rakrﬁfﬁbgr&f%'ﬂbf%ﬁ&tﬁ% g 1@; ?[cg%fg&&gg &98?%%%;&%%&8{?5 a
among ot herdiel §‘EHI% aﬁteélﬂ#ﬁ@rﬁnd@ﬁeé@uqﬂa@ materBhEJ4 are ymegmithiti omenirgs 840,
the presentgshnyangi @4@,re‘?c.,r591:lu§ﬁ)lg L he ij of the unsupported conductive
material 860 layer bounding opening 843, as shown in Figure 8. The dielectric
material 872 and conductive material 874 may be formed over the remaining exposed
top portions of remaining support material 828 (as shown) such that the dielectric
material 872 and a conductive material 874 layers are common to all container
openings, including double-sided container openings. 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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CONCLUSI ON 10105] The present disclosure includes nethods: capacitors,
and hi gh aspect ratio CHAR) structures, e.g., contacts. One nethod

enbodi mentwongloudess a capaci tor form ng nethod i ncl udeSdralfssdodGo@os
el ectrically conductive support nmaterial over a substrate, form ng an

openi ng through at |east the support material to the substrate where
t he support 1oras @sdcabd ¢rpscitr ehiitddee Stheaaphcitheclepmidengsthas s, BeaR&Gt

ratio of at J. 0:1 wiithi he thi ckness of, the support material.
After forni r‘m’%‘ﬁ’t léel_‘?%%‘éﬁ}a%&f’p Wé‘h%’f’%aeﬂ’ rﬁlmbqf 8 Fﬁpﬁap%_swﬁa@ﬁ,t%,
structure c@ozadthimgpehing 330bsd 868 ﬁit@iﬂ%pérﬂﬁ% SUHRAA ForPd SR of Bolle
openi ng. Thgiﬁgﬁt hod, i ncl udes effecting a phase change to the support

material wi FRPAGH SEFE et a4 400 WidHe apeningg YR and 543, 88% vatdn car bon.
LOL06] Al t houghisaaah he sRIORMAER LR ARG PSER kL HELEALLH RAfe 5

descri bed herein, those of ordinary I'n the ar appreci ate
that an ar r dite seraciiersifenmedusiag containhi geturérarsiaapacitesifbisedogingbe

substi t ut edgf @ie.L; | £ ' s shown. i.s disclosure.is
i ntended to clg{}ee_%lag%gp?agﬁrgﬁ'é&{égrggsggﬁg%’?8’%\ er%?Odo%:% 18taﬁ%?"’ee embpodiments
embodi nent sthsfvatibies qapastersticadialso lbe pudestal bapatiors,d.eh@ani Bslepride addibRatdic

t he above descr.i piJ.on.has been. made | illystrative fashion, and
not a restr ?’%fepegéigr?éjfl rﬁ%fo‘%?ﬁﬁ%%‘t"? &?t%farl]?ﬁ%e’ﬁﬁ%ﬁ%g URIEHRadatiels of magrial

ot her enmbodRéents not specifically described herein will be apparent
to those of skill in the art upon review ng the above descri ption.
The scope ofPfle one ﬁ’cofﬁﬂa%toé}%@dmﬁléb@gmﬁéOﬁﬂ@mt%ntcﬁisb:lswure

i ncl udes ot l¢h gl LA : t.ures and. net hods
are Used. | Thorspomab AR RRS i dobibe et M el B0 B Y e on
present di sMmayurgsuphort mdtebiel, det,S28i maybawirkd be fhemenbelstdisctidzed above

appended cl ai e\ t-he. ful ange of .equival ents ro which
such cl ai rrsl%éerl?%aeara]]{el % i 8%& QMB%VIIW b‘ﬁ B %‘F@E& TR 2Tk of g discrete
Descr i pt i onsapsotve sthealtrey sy b schived Petiout reghiel e and RepaciionBe §ipport
enmbodi nent for .t.he %%_r ose of streF}m i ning the disclosure. This

[

met hod of dPEEHYLFE ;B BRenings fr the P HRewciesaad Paehle-pigedpontainer
ntention tdabtutdie HAneOLOGRELAEATLIBRYSRh dillfoshiORE Rt Jinflas Hhe

have to use nmore features than are expressly recited 1 n each clarm
Rat her, as TAEPleofIcO o onaPraoresmiasiments supparimatstitljreast beraradery

i in | e isc ) et St iRnd} 20 erd-u _
oS B BB AlRATME RO el findh SEIREALAIROILIRN: |

Thus, the followi ng clains are here I ncor pora
Descri pt i ormatgiialie.eati® iolFigure gtianohiagd onfdrisanapeniag, g SP3ARFdire 7, as

compri oi ng P e Pl s 8ed I ot darioptimnauct | ve support materal over

a substrat 40104he suppocsrdmgitebhebr BoMRteribIUREY, trafdstbr eRctes hAAHO0N;
formed using similar techniques as described above with respect to capacitor
structures. For example fin structures, e.g., for fin MOSFETs, fin FETs, and other
vertical and horizontal transistor configurations, may be fabricated, e.g., etched, into a
conductive support material, which is subsequently processed to effect a conductivity
change to appropriately isolafte such structures from one another or other devices. The
reader will appreciate; the transistor devices ana capacitor structures fénned 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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form ng an opening through at |east the support material, the opening
having all aspect ratio of at least 20:1 within a thickness of the
support mawerzed/2¢@iter form ng the opening, processi ngeaHBS2BUHOTIS
material to effect a reduction in conductivity 01;1 the support A
material; and formng a capacitor structure in the opening. : e
met hod of claim1, wherein the met HdNCREBINs ef fect i ng the

reduction i qomsF‘duct i The yrets&qtmelow@m&demeﬁ{ddafcapé{ciﬂ?&ff%migh D&ect
support material to approximately 180 degrees Celsfus for -
appr oxi mat eMHRGEH AR )gueRres, e.8., cariecte@mroniethpd enbodiment inbledes sxcapheitor

h i ncl I: t] .in.conductivity by heatin
the suppor t azng eftl S fudrfit i BB Ry T8PAMEe Hncbottiilar i
but bel ow 260bsttetgr &Jasit@&dnsipasingimls%@gm@mi tﬁg'&;@p){);’t?ﬂattsﬂigﬂlﬂ& fh%-substléte The

hod of cl ai wh in the ne I ncl udes effecting e .
Tedueti on ?r@é@n%ﬁ%‘{pﬁjg{t%ﬁ?‘?%l s ‘illf_%ﬁ%%stanﬁ#ﬁwpfamg ias MyAspRE e of at
i rradiationleast 2:1 WhBined Modkneds of ki ﬂ?ﬂort waeriel. T idSomBhPagd dp@?xlngdtﬁé

effecting the reduction in conductivity to the support terra _’S| ng
el ectro rrgg n &ef@dflilé?‘&s d%pHag 7 gapacitqy strppurementagting the shibstratelanvitles sipport

t he support pXeh@l indhe Gﬁéﬂhﬂb %e%etﬂﬁi%u?%y&fc%ﬁ@%ﬁe Pga@e chan;g'e éc;r e sg}?ﬁortltod

of claim1 wherein the carbon is p ar ormof an
el ectri cal | {atssigbivik thesuppart beteriblaokirdries gdeash®s at% c8bodlhe et hod of

claim7 Whe[(ﬂil]@] the Sﬂﬂﬁ)oq{éi) srrgctit?cr tiarfla%)?d}rsner?ts H‘a»)r(f;[ blilagg il?ljstrgtg agc? Qgslélglt)édve

pol ymer and a polyneric carrtrer na X
herein, those of ordinary skill in the art will appreciate that an arrangerment calculated
to achieve the same results can be substituted for the specific embodiments shown.
This disclosure is intended to cover adaptations or variations of one or more
embodiments of the present disclosure. It is to be understood that the above
description has been made in an illustrative fashion, and not a restrictive one.
Combination of the above embodiments, and other embodiments not specifically
described herein will be apparent to those of skill in the art upon reviewing the above
description. The scope of the one or more embodiments of the present disclosure
includes other applications in which the above structures and methods are used.
Therefore, the scope of one or more embodiments of the present disclosure should be
determined with reference to the appended claims, along with the full range of
equivalents to which such claims are entitled.
[0107] In the foregoing Detailed Description, some features are grouped
together in a single embodiment for the purpose of streamlining the disclosure. This
method of disclosure is not to be interpreted as reflecting an intention that the
disclosed embodiments of the present disclosure have to use more features than are
expressly recited in each claim. Rather, as the following claims reflect, inventive
subject matter lies in less than all features 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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9. The nethod of claim8 wherein processing the support materi al
causes a m crophase separation of the conductive polyner and the
carrier matrix polynmer into separate mcelles. 10. The net hod of
claiml1l wherein the support material consists of fromabout 55 to
about 70 at % carbon, about 5 at % or |ess of nitrogen, oxygen,

sul fur, netals, and sem netals, and the remai nder hydrogen. 11.
The nmethod of claim1l wherein the support material is
non-crystalline. 12. The method of claim 1l wherein the support

mat eri al consists of anorphous carbon, internediate carbon,
transparent car bonw or.a Qonbl nat| on ther eof . 13. The net hod of
claim1 wherein t h&&issdimedist erial furt her conprises titanium
and/or silicon. l.#capppidorfprmgsd mesthed eemprisingier ei n the opening is
formed only througferming augigstrcalleonducive angportwatopelivaga has a
circul ar outer peri phbstate, the sipporihateriel doathinifig atleash2 latdher ei n

form ng the openi ng cadhwpr i ses ani sotropically etching the support

mat eri al . 16. Theemimgtdmasheningahaugh kbleshiahebipdoemethlll ng uses a
pl asma generated frqhe @y GOMPAG UL &ﬂm@i@@ﬁ‘@l‘]&lﬁl%Qn\rlﬁﬂui)ng with SO ,
SiCi4, N, or N, /C:I-l,aﬁh,chlé/yg%fgle&u t}{m@gr%ll nt egers fromO to 4 and
the sumof x and y,RQ43hSndthe opds §cd¥Ehh {8k Wherein the
et hod i ncl udes: fomﬂ&tar&ﬁeé ﬁ% E&H&&:{Efﬁ# P The

support material, th o of at | east

20:1 within a th| ck s T.lil‘LFl)(gortlllt cgprcnglw form ng a conductive

O
cell plate |ayer I‘ﬁI}lP]ﬁe 0P @‘f@@
P y e met aml v&herem the method includes
eflfecting the redu ctionin conducl]vny to the supporl material

by heating the support material to approximately 180 degrees
Celsius for approximately 30 minutes.

3. The method of claim 1, wherein the method includes
effecting the reduction in conductivity by heating the support
material to a temperature at Jeast 180 degrees Celsius, but
below 200 degrees Celsius, for approximately 30 minutes.

4. The method of claim 1, wherein the method includes
effecting the reduction in conductivity to the support material
using photon irradiation.

5. The method of claim 1, wherein the method includes
effecting the reduction in conductivity to the support material
using electromagnetic field exposure.

6. The method of claim 1 wherein the support material
contains at least 50 at% carbon.

7. The method of claim 1 wherein the carbon is primarily in
the form of an electrically conductive, carbon backbone poly-
mer.

8. The method of claim 7 wherein the support material is a
mixture of the conductive polymer and a polymeric carrier
matrix.

27



renoving: at least a portion of the support material between the
openings to forma doubl e-sided container structure before foinmng a
dielectric layer over conductive cell plate layer or processing the
support material to effect a reduction in conductivity.

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

10. The method of claim 1 wherein the support material
consists of from about 55 to about 70 at % carbon, about 5 at
% or less of nitrogen, oxygen, sulfur, metals, and semimetals,
and the remainder hydrogen.

11. The method of claim 1 wherein the support material is
non-crystalline.

12. The method of claim 1 wherein the support material
consists of amorphous carbon, intermediate carbon, transpar-
ent carbon, or a combination thereof,

13. The method of claim 1 wherein the support material
[urther comprises titanium and/or silicon.

14. The method of claim 1 wherein the opening is formed
only through the support material and the opening has a
circular outer periphery.

15. The method of claim 1 wherein forming the opening
compriscs anisotropically etching the support material.
16. The method of claim 15 wherein the etching uses a
plasma gencrated from a gas composition containing O,
along with 8O,, SiCl,, N, or N,/CH,F,, where x and y are
integers from 0 to 4 and the sum of x and y equals 4.
17. The method of claim 1 wherein the method includes:
forming a second opening through at least the support
material, the opening having an aspect ratio of at least
20:1 within a thickness of the support material;

forming a conductive cell plate layer in the openings; and

removing at least a portion of the support material between
the openings to form a double-sided container structure
before forming a dielectric layer over conductive cell
plate layer ar processing the support material to effect a
reduction in conductivity.



