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14, 16. A dopede.pol ycrystalline plug 24 has been fornmed through the
insulative layer zzsotvgral technigues have been developed to increase the storage area of the

capacitor within a limited space. For example, surface area has been increased by

forming the capacitor in a trench or as a stacked structure. The surface area of the
20 capacitor has also been achieved by increasing the surface roughness of the lower

electrode that forms the storage node.

One prior art process for increasing the electrode surface area by forming a rough

upper surface is illustrated in FIGS. 1A-1D, with respect to forming the lower electrode

as a layer of hemispherical grain (HSG) polysilicon. Referring to FIG. 14, a
25  semiconductor wafer fragment 10 is shown in a preliminary processing step to form a

DRAM capacitor. Wafer fragment 10 comprises a semiconductor material 12 (e.g.,

monocrystalline silicon) and wordlines 14, 16, having nitride spacers 18 formed laterally

adjacent thereto. A diffusion region 20 within the substrate material 12 is positioned

between wordlines 14, 16, and electrically connected by the transistor gates that are
30  comprised by wordlines 14, 16. An insulative layer 22 such as borophosphosilicate glass

(BPSQG) has been formed over the semiconductive material 12 and the wordlines 14, 16.

A doped polycrystalline plug 24 has been formed through the insulative layer 22 to

provide electrical contact between the capacitor and a diffusion region 20 between



provi de el ectrical contact between the capacitor and a diffusion region 20
between 1 WO 03/063172 PCT/ US03/01474 wordlines 14, 16. A contact opening
26 has been formed through the insulative layer 22 to the plug 24. A thin,
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| ayer 28 has ]l& é.glf"ﬁ%e osited over the insulative layer 22 ggﬂugﬁg%ﬁég

Referring to according to the prior art process,
anor phous 5 or pseudo-crystalline silicon |ayer 30 is deposited over the

doped anor phougor@lines N8 £160 O éondasitoprlin 126 1k béeﬁﬁdihﬂe&)}mugﬂ the inshRtivelhgdr 28 r agnent
10 is then exposed to a si

our.ce S S as .silane qr disjlane
(arrows 32) to® fﬂEFri?’r\’ga%sé%ﬁ“q’g%’rly ?pegﬂqsggﬂa’@ FRhops-or PRGY ?8’35‘13@'Hecenters
that are introguRadayen?®had Bebndiesdsitéduieatle Pyastive Mgesizahaskgal. t he undoped
anor phous or pseudo-crystalline silicon |ayer 30, as sho i.n Fl to

facilitate 10 subsdtfifaiee Rdits é?‘ioffjé’Pgtﬁﬂﬁlpﬁ‘%‘?er‘f?SS’q’h‘é“ éfmo absnent 10 '

is then they rr%ﬂpxeuda%@&hmd sﬂ;@orﬂﬁ)ﬁvs{ﬂ fs dbmltww&nﬁad@e@m&i?htﬁs 6F

pseudo-crystal line silicon. |ayer | crystalline struc ures that are °
facilitated byPSEPRO-Grysttliann sificgp W?’zﬁu?'gﬁw%ff"]é thy%'ﬁai 2Peed tarfilicORed | ayer .

The thernal treaidBM suckbbSfanedn Bisikak YaTons B th ifdi aSkéd 18y of Micdd elyoER AL €
around t he seed crgstal s and form HSG polysilicon 34, resulting in the

storage node 18ckphiqicsenters thag aspritpAuger “1‘3? d disﬁ'b“ﬁfitoﬁ?fﬂlfﬁ“#%ﬁ“g%\%“%e DRAM

cell is then caniRhriuser pstdof @YsaNnE sdicbdafer 86/ sibivalifFICG.1€, {oa*a{&ma@ver t he
structure, followed by the formati on of a second cell tgl at e (i.e., top

el ect r ode) 10 t ypibeaqneny hemisplisticat grpipgrgvhio pcivafen fagmentdgis then themally pased

layer. Al thoughnth&s tﬁ%ﬁl&almnhéﬂe@me.?ﬁ&ﬁ%ﬁs%uéob&ysm&fegﬁﬁo@raﬁa 30%ntg he | over
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25 on over-consuned, bul bous grain formtions that are structura unsound.
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grains of the sili CAtho ORI HIY p@f}gmf:d?{ ilreases the surface area of the lower capacitor

20  electrode, current HSG-type methods for increasing capacitor surface area are
approaching physical limitations. A disadvantage of using HSG silicon to form a
container type capacitor structure) is that morphology needed to increase surface area is a
function of inexact physical conversion of conductive films. HSG silicon morphology
required to gain surface area enhancements needed for next generation part types borders

25  on over-consumed, bulbous grain formations that are structurally unsound. Current
technology does not allow ordered HSG silicon formation, and unwanted patterns from
temperature gradients across the wafer and from gas flow dynamics create large
variability in surface area enhancement. Inexact ordering and size of converted grains
can be problematic. For example, the grains of the silicon overgrow and form

30  discontinuous and isolated islands. Further, if HSG silicon growth is too extensive and
extends to the opposing sides of the container, the surface area of the capacitor plate
decreases. In addition, since seeding is not instantaneous and takes a finite and prolonged
amount of time, grains formed at the beginning of seeding are larger than grains formed

from seeds deposited at the end of the seeding step. It would be desirable to have more
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30 discontinuous and isolated islands. Further, if HSG silicon gromh is too
extensive and extends to the opposing sides of the container, the surface
area of the capacitor plate decreases. In addition, since seeding is not
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formng a | ower electrode  structure |n acltor of a sem conductor
device. In one embddf REEHNt BYentipRr 16 einieon elor fRyrpatip FechiqShe f or m of

a nanorel i ef %dﬁﬁ&@?&h&u&lyf tdtﬂéfoﬁnaftﬁﬁdejcapédntﬁzre]éc&oddjep05|tlOn of the cell
conductive layer to

orn1the |.ower el ectrod textyri zi g | ayer 10 can
conprise an or der ed® 8p23pechfh ey AR ﬁa%d)?gwﬁ@ﬁﬂaw& °f&dfor k of
surface strucdmtms mauapraatowbﬁsteamoh@iciovwwef Efdﬂe%ﬁ&ﬂﬁnbﬂ%théﬂ}eﬂmd ahei ght,
size). In another enbodi nent of the nethod, a nerlc material is
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relative to the silicon-containing block can be varied to formthe

nanostructures as arprothes pmbagiment of themethodsa pelymeric mtteriad s depositepyesthe m j s
punch- et ched (gsftive By otlaQofthifdfas APreQirdp itats can%&éaeo HRESIrpdolg substrate or
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| ower capacitor electrode, the structure is further processed to conpl ete

the capacitor Wyckdng @ silicomepnteining blockc The volymg fractiomef thedpyidrongbanrblesper

capaci tor el eclf,Q0e o Mehiidof %oﬂélﬁhgﬁlbad&n bédded tonBPm the ﬁ%@t‘mc%es%?& réieef ul |y
be integrated into a DRAM cel I'n anot her enbodi nent of a nethod of the

i nvention, a t#NeEYRYiapgrounHeriuegy dpe film is punch-etched (e.g., RIE) to clear an opening
to the underlying substrate or conductive plug at the bottom of the cell for the subsequent

20  deposition of a conductive material {e.g., polysilicon, conductive metal), resulting in a
lower electrode have an upper roughened surface. After formation of the lower capacitor
electrode, the structure is further processed to complete the capacitor by depositing a
dielectric layer and forming an upper capacitor electrode over the dielectric layer. The
capacitor can usefully be integrated into a DRAM cell.

25 In another embodiment of a method of the invention, a texturizing underlayer is
fabricated from a conductive material prior to depositing a conductive layer to form the
lower electrode. In forming thé texturizing underlayer, a first conductive metal is
deposited over the insulative layer of a container, a second dissimilar conductive metal is
deposited over the first metal layer, and the two metal layers are annealed rcsn\xiting ina

30  textured layer comprising surface dislocations in a strain relief pattem, which is
preferably a periodic and ordered array of nanostructures. A conductive metal is then
deposited in gas phase over the texturizing layer whereby the depositing metal
agglomerates onto the surface dislocations forming island clusters. Preferably, the

surface dislocations of the texturizing layer are formed as a periodic network, and the
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fabricated froma conductive material prior to depositing a conductive |ayer
to formthe lower electrode. In formng the texturizing underlayer, a first
conductive nmetal is deposited over the insulative |ayer of a container, a

second dissimlar conductive netal is deposited over the first nmetal |ayer,

and the two r’r&b%lﬁésg,lxers are annealed resulting in a 30 t%'}%'-}%@ﬁ‘l"?yer

conprising surrace slocations in a strain relief pattern, S
preferably a periodic and ordered array of nanostructures. A conductive
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clusters. The aﬁé‘ﬁ%@c‘ielor can then be conpleted by depositing a dielectric
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ultraviolet irradiation and ozonolysis of a polyneric material conprising a

hydr ocar bon bl #¢Rzenalysis of apelymesic reatiirbsomprg Ny p Brdrocathen blegk#diar uct ures can be

provi ded as p%i&%n-%ntiiﬂih% Bfocie L TH GhAbs @R turWaR b@ro il sdts Pordy oratieY siaftturdsOr
exanpl e, the volunme fraction of the hydrocarbon b relative to the

si | i con- cont ai WFhd SRS LK vavingHer gramplsehe volurmg Eadtian f.?fc q’%hl}gfﬂﬁﬂfh@?blé%odi nent ,
the capaci {9r CRFthARSilRol-EMiniFERNEK df e polyRfekiE RERrHaICOMPT i sing a conducti ve
nmetal |ayer overlying a conductive netal texturizing layer, a dielectric
| ayer overlying t hén asisr enpbpdimeghfhecpracitor samprisgs alossr eappriter eectrede ode (e. g.
ItOOI ysilicon, cQpflighs ¥ CorldBLRE el ﬁ?&x@&%jégﬂ%o%&{i%&h%xhﬂ%ﬁ@ laybd)§ _
exturizing layer 20 conprises surtface dislocations conprising a conductive
nmetal that ar editlestieldyaspvertyingdbg lower (betiop) pleptepde capd pr upper dectrpdesle-gand second
conductive met ﬁlesili%orﬁ Q&m&ﬁ\je\ﬁ?ﬂtmlying the dielectric layer. The texturizing layer
20  comprises surface dislocations comprising a conductive metal that are formed by
annealing overlying layers of a first and second conductive metal. A conductive metal
layer is formed from a gaseous deposit of a conductive metal that agglomerates into
clusters on the surface dislocations of the texturizing layer. Preferably, the texturizing
layer comprises a periodic network of the surface dislocations, and the overlying
25  conductive layer comprises ordered arrays of metal island structures.
In another aspect, the invention provides an integrated circuit (1C) device that
incorporates either of the foregoing capacitors. The IC device can comprise, for example,
an array of memory cells, internal circuitry, and at least one capacitor formed in a
container and in electrical contact with an active area within a semiconductive substrate
30  of'the memory cell array. In one embodiment, the capacitor comprises a lower capacitor
plate comprising a conductive layer overlying a texturizing layer comprising
nanostructures composed of a polymeric silicon-comprising ceramic formed by UV
irradiation and ozonolysis of a polymeric material comprising a hydrocarbon block and a

silicon-containing block. In another embodiment of an IC device, the lower capacitor
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| ayer is formed froma gaseous deposit of a conductive netal that

aggl onerates into clusters on the surface dislocations of the texturizing
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20  processes can create ordered roughness at low temperatures and therefore have the

advantage of allowing the capacitor to be formed anywhere in the process flow.
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described below with reference to the

following accompanying drawings, which are for illustrative purposes only. Throughout
25  the following views, the reference numerals will be used in the drawings, and the same
reference numerals will be used throughout the several views and in the description to
indicate same or like parts.
FIG. 1A is a diagrammatic cross-sectional view of a semiconductor wafer at a
preliminary step of a processing sequence according to a prior art method of forming a
30  capacitor electrode.
FIGS. 1B-1D are views of the wafer fragment of FIG. 1A at subsequent and
sequential processing steps, showing fabrication of a capacitor electrode according to a

prior art process.



hi gher than any back end-of-line materials (netals) can tolerate, which
limts formation of the capacitor to before such | ow tenperature naterials
are deposited. The present 20 processes can create ordered roughness at | ow
tenperatures and therefore have the advantage of allow ng the capacitor to
be fornmed anywhere in the process flow. BRI EF DESCRI PTI ON OF THE DRAW NGS
Preferred enb®@REHME of the invention are described bel oRGKHUWSHHERer ence to

the follow ng acconpanying draw ngs, which are for illustrative purposes
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sem conductor wafer at a prelimnary step of processi ng sequence
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sequenti al processi n% steps, showi ng fabrication of a capacitor electrode -
according to a prild &Atsq&lmmatwsrwqmr@ls\sq_wQfav@wqgs@gmmknataFl G 2Ais
a di agramtlcplgﬁtg?lglg%%PHQ Lesg/;hgyg& fdnc@ sem conductor wafer at a

prelimnary step o proce uence. FIGS. 2B-2H are views of the
waf er fragnment of FMIGS.3r3Bareyiyseofihe vafen frigmenteflfd6: BAlat pbspgestindg st eps,

showi ng £ abr i calhAuGhodbianaR, iifd SEAGANEASEA ALtk Shedordnfgboct o

of a nethod of vent | di agrammati1 ¢ Cross-s onal view
of a sem C(b&dum@erem‘i@mmtofam%h@quthenweyt!@t ep of a processing sequence.

FIGS. 3B 3F are vi gy phlifbdliboNSIRiE IiEPiRED SvilopHiEREYEN! and

sequenti al processTng Steps, SHOW g faprrcatrom or
according to 10 aridehreentomiyctberdescritefl generndly it referendedo thn@awngsﬁbrtlBETAl LED

goneral 1y wi ¢ (PPRrePLeaaig g R HEREEn oS SRty sl o882t g
the present pr bhgngée sembothierfgntes illystraje Iamcbsmgstdpsforpsmpdiwefabrmﬁhonlo:f mting the
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apparent that the processing steps are only a portion of the entire fabrication process.

In the current application, the terms "semiconductive wafer fragment" or "wafer
fragment" or "wafer” will be understood to mean any construction comprising
semiconductor material, including but not limited to bulk semiconductive materials such

20  asasemiconductor wafer (either alone or in assemblies comprising other materials
thereon), and semiconductive material layers {cither alone or in assemblies comprising
other materials). The term "substrate” refers to any supporting structure including, but
not limited to, the semiconductive wafer fragments or wafers described above.

A first embodiment of a method according to the invention is described with

25  reference to FIGS. 2A through 2H, in a method of forming a lower electrode in a
capacitor of a DRAM cell.

Referring to FIG. 2A, a wafer fragment 10" is shown at a preliminary processing
step in the formation of a capacitor. The wafer fragment 1 in progress can comprise a
semiconductor wafer substrate or the wafer along with various process layers formed

30 thereon, including one or more semiconductor layers or other formations, and active or
operable portions of semiconductor devices.

The wafer fragment 10’ comprises a substrate 12' such as monocrystalline silicon,
wordlines 14', 16', and a diffusion region (active area) 20" formed in the substrate 12

between the wordlines, the diffusion region being in the form of a source/drain region. A
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15 sem conduct or devices in accordance with the present invention. It should
be readily apparent that the processing steps are only a portion of the
entire fabrication process. In the current application, the terns

"sem conductive wafer fragment” or "wafer fragment" or "vvafer" vviII be
under stood to_nean any construction conprisin sem conduct or r| al ,

I ncl udi ng but “{?00(31015%1‘(#,[ ed to bulk sem (r:rgnduct |gve mat eri al é’cgﬁlé?‘?" 4as a
sem conductor wafer (either alone or in assenblies conprising other

material s thera?@'ﬁ,ofBBQG%EBﬂl&QBﬂdwméﬁﬁnmﬁéﬂlﬂhaﬂb%b’redeﬁos(ll@il betheal one or in
assenblies co risin t@gr terial The term "supstrate"” fersto any
supporting str f‘[i'?"e Forgines bt 16 pll“? 'cogPrsne doped RO éﬁﬁ

waf er fragnment seed Hepbitediifto dlesmn@ﬂdo@hmeensuaube hagdr 22150 axléi8Fvidal &ntadt rret hod
according to the i nvention is ence to Fl

scr ed with _25 r
through 2H, i nPEWsrEdsaPHSH °”f58r d&&%\ﬂé@%ﬂ@ct%%‘é’%‘i‘f@aﬂm% G%Br of a
DRAM cel | . Ref Rihédy dofiventiénal ﬁ’léthod% ma&neandfxﬁ@:gmtanla coht@in8 2 OPeririg 5’
prel'im nary processi aggéﬁs'égcﬁ in the formati on of a capacitor. The wafer

fragment 10' i Withggy a bastopyRogtion 7', laas hren sapnsrtispllyeiched into et r at e or

the wafer al ong,smt{‘,@lwgzowsest@g@%mglzayers formed 30 thereon, including one
or nore sem conductor | ayers or other formations, and active or operable

portions of sem corftferdie tedscabedimenptof themethody ensional i i ses a

substrate 12' gielindmrdHASEctiriding b Bisditlve Siffon oxYOKSd REShid dre forkfbd.as aNd @
di ffusion reg| on (active area) 20" formed in the substrate 12' between the

wor dl i nes, 19 hetegrizipglags 3|3é§F"dhe peilayeiacn Reag dopistedfin EICGs 8By tedroamess the r egi on.
A 6 VIO 03/ 06347RcPhd &#ﬁ%ﬁ@s@éﬂeﬂﬂy& §ted &shdu@ive BRRQ00 sl ARkt aleab! €

i nsul ati ve material has bee 03| over the “substrate 12 and t he
wor dl i nes 14", desgribed foxsxagpls4n Eﬂﬁiuﬂi sﬁcaqgcec?éﬁédlﬁybﬂ?di%i and Phely-Bebim  peen

deposited int oetadp LPREN.RE ]g{mp%h 1b&ebgyul ative layer 22' as an el ectrical
contact between the capaci and the diffusion region 20'. The

for egoi ng st ruct ur SEhestyrtusears! topngraphly phhetervising laves B8 et brougedareowdingnd used
in the art  sA gopd ﬁdlﬂﬂénc%até?ﬂﬁnéoﬁ&ngﬁmnsm ﬁﬁ&is%@%aﬁﬁteé@hat QIQQm 1098 oM

portion 37' has been convent | onal et che ntothe 1i1nsulativ ayer 22'
to expose t he &rmglgzlwtexmmrlwengl\dmp@%ﬁ@%ﬁﬂ@&!ﬂ%ﬁtﬂgmeﬁﬁecmwd

t hree-di mensi opgh,.cRl r&wdeﬂﬁ t%bﬁ?o%ﬁﬁcﬁﬁ’esfab e HME Foph BY &Fsdr'?é}ékat Ve

silicon oxycar bl e ceramc are torned as a 10 texturizing layer over
t he insul at i vestrugtpess sgch as stauis, @xngids.tamdng pthers.y vamingt for mmpl;a@epolmer

‘material, the copolymer concentrations, and the parameters used for curing the deposited

20  polymeric layer. In addition, a range of pore sizes and specific areas can be obtained by
varying the molecular weight of the copolymers/polymeric material. The resulting
texturizing layer comprises a high density of nanostructures generally having a uniform
height and cross-dimensions. Preferably, the resulting nanostructures are highly ordered
with a periodicity in three dimensions.

25 The polymeric material comprises a hydrocarbon block and a silicon-containing
block. An example of a polymeric material for forming the nanostructures of the
texturizing layer 38’ comprises silicon-containing triblock copolymers of the type AjBA,,
where the "A" copolymer is a hydrocarbon block such as polyisoprene, and the "B"
copolymer is a silicon-containing block such as poly(pentamethyldisilylstyrene)

30 (poly(PMDSS)). Such polymeric material is described in the aforementioned article by
Chan et al. (1999). Other useful polymeric materials include poly(dimethylsiloxane), as
described in the article by Phely-Bobin et al. (2000), and parylenes such as parylene-N
(PA-N) and PA-F, polytetrafluoroethylene (Teflon), and polynapthalene.



surface area of the subsequently deposited conductive |ayer 40'. Such
structures are described, for exanple, in Chan et al., Science 286:
1716-1719 (1999), and Phely-Bobin et al., Adv. Mater. 12(17):1257-1261
(2000). The structure and topography of the texturizing |layer 38 can be
vari ed accordin 15 to the polyneric materials, concentrations and
processi ng paP%ﬁE’@fg that are enployed in forn1ng t he t§§@@ﬁP?Fﬁé | ayer.
More particularly, the texturizing |ayer 38 can be engineered to provide

di fferent nanostr ughyiRfuridsg ﬁ?&lca:esh fabritated @s élﬂh'éfrd lsﬁrmmf ﬂaﬁefyﬁnmﬂel ®f
structures such as struts, _gyroi apon L ers ! vary fqr exanpl e,
rtenblo et

the pol ymer n¥¥¥pg the volpme fractionp H%PY"E o Telitt °éPFoG‘lE‘l‘? COMFRABL er s used

for curing theplg@nR ficbesdk ehoBaley prekirsor. Por@kamplé) a2dd0d/2&(ke/mbol) @iBBeEK Of pore
sizes and specific areas can be obtained b ying the mol ecul ar wei ght of-

the copol yner sPPUTSTkérHAs) Frstperitien can ppuser é"s{\éﬂ? P ﬁ@"bl? Bxeid mosrhalesy 8f er

conpri ses as hi gardlansh bisckk.gh gﬂ%&ﬂr&{éf RELOSKOIRRGhA it M sl RWh-BShtAnikgThibeks M

hei ght and cross-di mensi ons. Preferably, the resul ti ng nanostructures are
hi ghl'y or der ed(c-giPplr(FMBe. ael ibgeguently PWF‘@@ FTh® RATORATUS SYBCYReBY Sy REr i ¢
mat erial  conpric@srsdn fh\/ﬂm&mbﬁ@/ 1pﬁkloaewﬁnéwmpc&mmbmme umdQ& k. An

exanpl e of a polynerlc materi a form'ng the nanostructures of

texturizing | afpap a@@”“&ﬁ?ﬁbﬁe§Ef§1d§F¢YPWYd$ﬁ41§?Wﬁ°ﬁ'§‘W&glblh?cb&‘kg -copol yrrer s of
the type A(err ﬂ@ﬁf’ﬁﬂj@s nemg fn atnmfnx of hy%@&ﬁéﬁrﬂ?&k'(é g Spdyii ey, BaRnkhkpck such

as pol yi soprene,” and e "B" copolyner is a silicon-containing block such
as poIy(peh@anhﬁ¢ﬂﬂ%ﬁ%ﬂﬁw4@PVP@ﬁéFWQHe(poIy(PNDSS)) Such pol yneric materia
is described in th%%&{@m&mggy&w ﬁ'n'eﬁolp%encchgt@mﬁtnstﬁc sittd SRS he O her

useful polyneric materials include poly(dnethylsiloxane as described in
the article byinpeivelasei2h instudiag the(sgipmal)s 36efdharentpinerR6s andiever the PHERH. ene- N

(PA-N) and PA- @g O@ﬁ{gﬁ%{a@[ﬁf&% Qeeéegyé{én%‘ﬁyé G EdBRd meﬁ@ds Qﬁ%%ﬂ@ﬁ!&gh;ﬁﬂ@ 7 VO

03/ 063172 PCT/ US ) e text r|2|ng ayer can bri cat as either
a porous or reb istludipg, forteriample, bypovéﬁgﬂsmgn pHlemerizations VIDPA, it sporpngirocesseor

hyd bon; bl I | k
copol ymer b} ec PiehiathistR oL B it RAHERL fys) Rien SRy S MubiaBicp T2
(A( er r) BA( er r) §Uaadigivhanderose(®:h eesultinglintrelief mesdmwhgwtbatdomh«ph 0| 0 gy

of 5 hydrocar b&M&ﬁgﬁﬁ(%ggt{emg@h%lf%pég%égg}ﬁgmg ?ed bgdl{ﬁg,f,tq':

ib.%?.
si l'i con-cont ai ni ng se uently cufed to
f orm a nanopor ous dtpuemethed, ﬂlByolmyﬂ@hatmadnp‘ebel@Mltﬂhommﬂl&@@ﬁlmi@ Iyeg/ nol )

triblock pol ymes f HRRi&phlitdn ol RS0 PPDERR: BfivahiGiflith Rnown and used in the

20  art. Briefly, a conventional VDP can be performed by heating a source material or

precursor to vaporize the molecules, decomposing the vapor into monomers by pyrolysis
at an elevated temperature, and then condensing and polymerizing the monomers on a
substrate in a deposition chamber. For example, a parylene-N (PA-N) film can be
deposited by VDP by heating powder di-p-xylylene (dimer) to about 150° C. to vaporize

25  the molecules, decomposing the vapor into monomers by pyrolysis at a temperature of
about 650° C., and then depositing the monomers onto a silicon substrate at room
temperature and a low deposition rate of about 50-70 angstroms per minute at 50 mTorr.

A polymer film can also be deposited by field enhanced vapor deposition

polymerization (FEVDP), as described, for example, in U.S. Patent No. 6,022,595

30 (McDonald et al.), the disclosure of which is incorperated by reference herein. In a
FEVDP, an electric field is used to enhance the rate of vapor deposition polymerization of
a polymer film onto a substrate. Briefly, the substrate is connected to a voltage source to
form one of two electrodes of a parallel plate capacitor, and the capacitor is placed in a

vacuum chamber where parameters such as pressure and temperature are maintained at
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forman inverse double gyroid norphol ogy of silicon-containing block (e.qg.,
pol y(PMDSS) networks in a matrix of hydrocarbon bl ock (e.g., polyisoprene),
which can 10 be converted into a nanorelief structure. To formthe
texturizing layer 38, the polyneric material is deposited onto the

I nsul ative | r ‘., 1 Ncluding the sidewalls 36" of the and
over the pl ugwgpl.gﬁ%”f‘he polyneric material can be deposi tggﬂgy convent | onal

met hods known and used in the art including, for exanple, vapor deposition
pol ymeri zat i onprédéthinedilegdls. NGaseoup mosasss ofake deSirddaiobymer ﬁh;Btoddgeﬁdsnte(dl, B)

techni que. The pol yperic¢ | r is,.then expos to ultr VIO et

radi ati on and ?fgﬂlr?én%d%ﬁe cﬁ%’ée'ﬁf ﬂ%ﬁén?lﬁe‘ftgﬁf“é’?’ gtglperb@?gl cds Aot %%Fes t hat
formthe texttapacztbngEtamphes oB&ich pdlgmerg usefu! inke invemion inchitie pdrgienes suidhas
illustrated e ' t (E rial can
be deposited gﬁf?gi %ﬁgﬁ‘élgjﬁ&%ﬂﬁz\?epqlgyte uorﬂgﬁylﬁ'if?\?ﬁég‘ﬁy%@h%g‘ﬁ? éd:)‘ chent

pol y ][rFri zat § onvditvidi} appasd mam/aémbdmad ge]?ie:kﬂaewaleaﬁdﬁtls eirebftweditthat 28vertd . I
Briefly, a conventign VDP ca er tin ource material or
precursor to V%PEW%@W%@“%W& E’?Ek’ @8%’6@1“%‘&’ ﬁ%a‘(‘fg 8?51 nononers by
pyrolysis at mbnoplepMaicesd fhaiPpilaheBm oauﬁﬁa&enmnnﬁeesmraﬁﬁd pol yneri zi ng

the nononers on_a substrate in dep I on chanber. For exanple, a
paryl ene- N ( PASHgN GFF}F‘H‘F‘ESéHm “Hg ee‘!fPW‘OVDP by heating powder

(Cjil p-xyl yl eneh(dl mﬁhé@mgbwaepbﬁﬁo@fatpalmfﬂmmmp féﬁ‘ediﬁ)ir?@éﬂo@iﬁor; 1
econposi ng_t he yapor |nto rolysjs at at erature of about
650 C., g 0 neswdigensed p pplxep- ’f"l‘.’g%ﬁ%%r@x%‘%s’é’c&’f PG %Eﬁsf?lﬁ"d‘ts abgpt 1 5om

t enper at ure anﬂzoa!Sb@VpEE%ﬂgﬁltéﬂlﬁhufré‘taﬁmﬁ%Stﬁboxléﬁct@ﬁ)teﬁﬁeﬁﬂﬂegBﬁdﬂf@?Qer mnute at
50 niforr. A powyrrer filmcan al so be deposited by field enhanced vapor

deposi tion preatq tomparaipre abpySpm Togleppsisiop prsayre, phout Panimplerdeppsitian S,
Patent No. 6, O%%c @a fidd W@JG% Vﬁcnf'illsn)ﬁ ﬁa%e%]ﬁ@l:%fo? ﬁr& emarﬁh i's

i ncor por at ed bg ref erence hérein. an electric field 1s used to
enhance t he r atiedd tﬁfapnllfﬂ@fhe’d@%bmhebﬁmﬁé? nerese 1@ piegshredeyond thedtagapsessyiiel m ont o

a substratgs Briefly, P&igﬁeﬁé&h%ﬁﬂkﬁ disd be Q%I&S&-B%Q atsgig%n‘{&&hﬁlg%gwﬁeﬁeSv Ge to

formone o tvvo el ect es of a paral | ate Ca itor capaci tor
is placed in asohyigegfithe Eﬂmmﬂﬁ@ﬂé%‘aﬁaﬁ’@twgmﬁw lv&e@ém and

Lemper at ure ar GuBi kbRl nf SARBHEAREL TR oRETH LATORALAFL oot o m ned

| evel s. Gaseous nononers desired B 0 be deposited, are
suppl i ed to t heostiyaptaprcignaondpatanstorted o Exqmplary paroyeeters faréhespiacinr odes or

plates of the 4canag! Qs FHATRbER N AHESD0RG YIBH60 HSelda sbRbhe | nvention

i ncl ude paryl enés such as
20  comprising about 4 to about 6 weight-% polymeric material in an organic solvent such as

toluene or chioroform.

The polymeric material can also be deposited using a conventional Langmuir-
Blodgett (LB) deposition process in which the polymeric material is suspended on a water
surface and transferred as a film onto the surface of the insulating layer using a vertical

25  transfer method whereby the wafer is submerged and then raised through the air/water
interface.

After deposition, the polymeric film layer is simultaneously exposed to a flowing
ozone atmosphere (2%) and ultraviolet (UV) light (preferably 254 nm) at room
temperature for a suitable time period, for example, about 60 to about 90 minutes.

30  Exposure to an oxidizing environment (ozone and UV light, or an oxygen plasma) results
in the selective removal of the hydrocarbon block portions and the conversion of the
silicon-containing block to silicon oxycarbide ceramic nanostructures, resulting in the

texturizing layer 38'. As illustrated in FIG. 2B, the texturizing layer is in the form of



PA-N and PA-F, Teflon (i.e., polytetrafluoroethylene), and pol ynapt hal ene.
Sufficient 5 voltage is applied to the electrodes to generate an electric
field therebetween that serves to polarize the nononers w thout breaking
their chem cal bonds, and the polarized nononmers react to forma pol yner

filmon the vabsfupfhe afers can be rotated Lo enhance thigkhass, . e

uni formty during € deposition. In an exanple of deposi
filmby FEVDP, exenplary deposition 10 conditions of a poly-p-xylylene
(PA-N) fil m onduQtsa The felaGiGévaiustrdcfibiCofahehy@fochi®bh BIOEK toalsilicon-deHxidin® C.
precursor tenp r%urét agoEt 650C. reactiog.e&e‘gﬁerature, about 25C.
substrate tenpBPekteaR dter ¥BeHIGT agnapRTops O PapElief FBIF Y Bty e, about 50 mi nutes
deposi tion TL i rrel, %dhﬁvﬁi?@ﬂ?aﬂ?,ra%ﬂﬁ){ipﬂﬂ;w aﬁﬁ%e?](émﬂﬁin#g&mmisﬂ%a&ddel plate
capacitor. e electric ie i s appl.i en t C er starts to .
i n(F:) rease its ptPég’érdP%b%@MHOft‘WB’ég‘gr 2&?%‘?5‘&@6 .thefg“ g‘“ b‘ieyﬁ‘é‘r‘[’% mat eri al
can al so bes de@@sitdfly Biposited Rbitubtiveliha IV in @146urivd) @6:QRY with tieQhigtdqorried t he
polymeric material is spin-coated onto the insulative |ayer 22' using
conventi onal eESHTETASIPAuCHYE PRttEws dhedifusion segion 2 @M“Bﬁﬁraédﬁ'ﬁhﬁ%‘tg}‘gﬁ, a
free-standing pl?%ﬁ';ahd’ RAKCABRGHdNAY MR BwRLel6c®dad 421 CTIRUexrimeRiENARE ¥8'

e

paraneters for spin-gn deposition_include a wafer rotation of about 500
rpmto 5,000 r§#mbeEmeveds £5IstAmRih by @ Pershstch §5ing e senyentionalidsy dehouecess sheh ght - %

pol ymeric nat efsiadlactivk idhetohk GAR) 6 spftley &R, whithWoARI rehOV RN Plroh Meor Of orm  The
pol yneric material can also be deposited using a conventional Langmnuir-

Bl odgett (E®) kpsgensslendascsinshidiag th%rbomé?i of the celbangithe horizopia] safes purfage

suspended on azgNadaGing tRUEGELAREmELAR Dh Ble 8l sidswalts bl m onto the surface of
the insulating l'ayer using a vertical 25 transfer nethod whereby the wafer

i s submerged and t Referving nopco FHe ATl A condectisielayrpd G is depasited sontormallyanty _
deposition, thg, agtze}({)g%; e téxfdri%k?a\ﬁ@:rb‘s' %&%mﬂ]&%m@wm@ma&u&ﬁe & f1owing

ozone at nosphere ( and ultravi ol et "1 g preferably 254 rim at
room tenper at Exeeplagy condudtive mitedals inghsdgxbopedainorplnus epheprsialling lsadipsedd-t o about
90 m nut es ;5 30 LXARSUEIR ok Ytk e R Y4 H:R0NER OREni Mdnght, or
an oxygen p as‘r;ﬂr'g? resu Fs’%rlggmftahe sﬁeec%ul%ve re%ovgl?]atg@ﬁ]fﬁgm%g?g%ﬁlgon bl ock
portions and t tRa).clndiven Rhpiansslum KEa), asd piherdike clements andvllows Gerkofi being | | con

oxycar bi de cer giji.&: BANARL esbodifis! ThdSniidkil . | ebfGed aYEr 38" .
As il lustrat edﬁ’dlﬂnS Ejla% qui,rHHt&{%&t ext dri zi ng %gyertl ?@aﬁeﬁaﬁf&%}ﬁ%ﬁ% of 9 WO
03/ 063172 PCT/ ws#ag3baventianal methods, such as chemical vapor deposition (CVD), or physical vapor

deposition (e.g., sputtering) for a conductive metal. The texture of the conductive layer

20 40 is generally predictable based upon the structure and topography of the underlying
texturizing layer. Preferably, the conductive layer 40' has a texture that has a generally
regular pattern and uwniform height.

Referring to FIG. 2E, a barrier layer 44' is preferably deposited to fill the
container 26', in order to prevent the sturry of a subsequent polishing step from passing

25  into the celi opening and contaminating the cell. An exemplary barrier layer 44'
comprises a resist material, such as a novolak polymer resin.

As shown in FIG. 2F, the wafer fragment 10' is then planarized to remove the
conductive layer 40' from horizontal surfaces 39' of the insulative layer 22". Such
planarization can be accomplished for example, by a conventionat chemical-mechanical

30  polishing (CMP) process.

The barrier layer (e.g., resist) 44' is then removed from the container 26' using a
conventional process, resulting in the lower electrode 42' shown in FIG. 2G. An
exemplary resist removal process for non-metallic (silicon) capacitor constructions is a

piranha wet etch whereby the wafer is immersed in a solution of sulfuric acid (H,SO4)
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struts. The relative volune fraction of the hydrocarbon block to the
silicon-containing block can alter whether a nanoporous or nanoreli ef
structure results. As shown in FIG 2C, a portion of the insulative
texturizing layer 38 is renoved to clear the bottom 37" of the container

26" overlyi nggififei10 24" in order that the 5 subsequent
conductive filmi g&:'ln el ectrical contact with the plug 24!P Tﬁﬁlﬁs ensures a

conductive path fromthe diffusion region 20" in the substrate 12', through
the plug 24", amird oxidantisechgis hglsegen peroyidé GhOd Fhongial cepacidarconirudizns, The
textur|2|ngla ?ﬂﬁ h using a
conventi onal @hlég)hvegfrgg%gggs'guc H%g% gﬂ“&ﬁ?@?@"&@?‘%ﬁg é’l@?’%ﬁ@ﬁ sputter
etch, which V\o(MdhmmvBaknnNéNaabeﬁsedrﬂqrtrﬁét&@pm| zontal surfaces, including

the-bottom 37" of t | &%é . | eavi ng
the textured film r%ﬁ%ﬁsﬁénk\%rg%gs %ﬂ’g a%gﬂf SI g%éﬁ@%@%&ew%n% now to FIG
21), a conddict i;krleedhm;heraﬂzl'ﬂhe W:ﬁercfagmsmttlé'ds wbjn:ﬁodtmlﬂy;imﬂnmm actd{(#Fheléamrto over
the texturizin f lectrode 42'.
Exenpl ary cond |§§Jnr¥§?el?eat§ o) ED%H&S éﬁeg%gréﬁ%tﬁ)gse{eg%%c#%tgl i ne, and
pseudo 15 cr ystaaiﬁplmw srmhm-smgthe wafevam@o bldf Lseluhmeorhpﬂfl vagerdieatasnt, anogeingn,
platinum ti tapl um {1 raptOdl um (Rh), tantalum (Ta), and other

| i ke el ements an %nfs ereoé l28e| ng~ polysilicon in the illustrated
enbodi nent The corithfumg/te F}lﬁtm,laahmdatecﬂmelajrenp@slsbmﬂormaﬂydg:ommduemheonal

t hod h i
(rjrgpogl tS I on ? asgﬁ ?}5{%? 3?lfe\ﬁa§gerf%°|9§(g£cgn{ g [a%rel? aforpq’%%n ?ag?ﬁl gtg%f t he
cogdtjct ive | ﬁyenre:ceaf]ﬁ er QSSN]?WaHktIeMn]i[ﬁfseeihmnaﬂl&e dSa}sIe)g Fu?ﬁetaltohp'acﬁdrs ,Jucture
and topogra 0 erlyin ext.urizin re
conduclto i ge Fazﬁ‘? xfﬁ‘pﬁWacEg ﬁ’f‘%‘% 'ﬁtﬁ'é%i“'ﬁé’gn@‘ %%ﬁ@ﬁoﬂ 14,c0n ﬁ'é%ﬁ'? é’?‘eﬂaﬁ ern and

uni f orm hei ght thefraépesited oger i didiéotricAyer 48' hﬁfbfm the tdpqyﬁfer)léépacita phteef er abl y
deposited to fiJl th n. ord he,slurry of a

ont ai.n I’ eve
subsequent pol FI§?H°H§§%I B top Ry eiﬁc?g%gq ﬁ‘ﬁ“prfgsqcﬁf“g’c? “Fs‘i‘fbéﬁ‘i"’ﬁ? and
cont am nat i1ag pmsm@hloraékmdwﬁwmhﬁl YThe asridugive lnﬁy:ﬁﬁl cﬂﬁlbe depogied sethe a 1 esi St

ragnent 10 1 SRRER oFaRaT SBIHT BREVE PHL C ghdnebera eaydereagont r om
hori zont al sur {&gaputBBing)dor drh&alllihﬁd,lhﬂioimp&td t&yﬁpac&ar strufiu@ls2'. pl anari zation can
be ACeompl | el o7 GNPl R GG S S RO 2
removed from t ke isdengibedBith téfrdhge @ fme@:igvﬂmvm{m@mc MSaScapdcRed B2t Ng i N
the Iower %l eci{r de 42F IGs I}%\Agwiaf[;r 111:'agment 1%‘ sum]ar to the wafer fragment 10/, is shown
at a preliminary processing step. The wafer fragment 10" comprises a substrate 12",
wordlines 14", 16", a diffusion region 20", an insulative layer 22", plug 24", and a
container 26".
Referring to FIG. 3B, a first conductive metal is conformally deposited onto the
25  insulative layer 22" to form an underlayer 54", the first conductive metal being platinum
(Pt} in the illustrated example. The first conductive metal can be deposited using
conventional methods, such as by chemical vapor deposition (CVD), or physical vapor
deposition (e.g., sputtering).
A texturizing layer 38" is then formed by depositing successive monolayers 56" of
30  asecond conductive metal that is dissimilar to the first conductive metal over the
underlayer 54", the second conductive metal being silver (Ag) in the illustrated example.
Two monolayers 56" of silver are depicted in the example shown in FEG. 3B. The
second conductive metal can be deposited using conventional methods, such as chemical

vapor deposition (CVD), evaporation (Knudsen cell}, or physical vapor deposition (e.g.,
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exenpl ary resist renoval process for non-netallic (silicon) capacitor
constructions is a piranha wet etch whereby the wafer is imersed in a
solution of sulfuric acid (H2SO4) 10 WO 03/063172 PCTI US03/ 01474 and an
oxi dant such as hydrogen peroxi de (11202). For netal capacitor

constructions ni c solvents such as ST22 and ST26 (AT M Danbury,
CT) and ALEG §§U’ | 1'i nckrodt Baker, NJ) can be used fof F@@?@?f%trlpplng.
Subsequent process steps are perforned usi ng techni ques well known to one 5

skill ed in the sgiittring]. hSilvepfag) mbicge ke pkéferabl$ depilitedat @ tbniperaturdyfdbat| uori c
acid (HF) clean to renove native oxide that may have formed over the |ower

(bottom el ect % 42', for exanple, by inmersing the wafer in an HF

sol ution or by HF vma@rg@ae&h&mnﬁyers@@@méxﬁﬁnﬂ@iedtt@ameﬁﬂﬁé &but §BOK10ds known
in the art. Referring to FIG 213, _a thin dlelect%¢c | ayer

conformal |y def8uiipgt thatexurzing layen38 oisgapicied nFIG. 3 Prrng %G\E}“e%itgféf‘gode 42", .

typically by Cyigms b@mptio dhgwntsﬁﬂaaﬁderﬂgfng Pt thifs. ThHeQhRGI febults ifli@ite 48’ vm I
typically conprise siliconnitr

gﬁ " For netal capacitors,
exenpl ary di el SégnatingRycenthe Pﬁ@dfr ?ra?r‘ saswfa‘éyim%’gcﬁiulm& leenduct i ve
material is tR&RpERIO StdiPHaIness tﬁé‘ﬁ%ﬁbﬁ& RFbri Qa}%%b&%&mﬂﬁmchmrﬁxﬁrr&]e? he top

(upper) capacitor plate electrode 5 he to ectrode 50' conprises a

conduct i ve mat @atfe ordafies oxe Wﬁé@’eﬂ%‘"pa‘?%rﬂnlf@t?ﬁpﬁwmdh@dﬁ@ﬂﬁﬂ%b‘ﬁé‘fral The
conductive nmat @fdnfle, Eﬁ{goﬂﬁdﬁl%%h ha%moﬁlﬁesmgou PG OF tnil &YETHE8" by

conventional methods, such as D, or physical vapor deposition (e.qg.
sput t er i ng)l10f ofexurigeg &werﬁsaareferabla compriseed Reripdie netwpkof seface dislgeationsass D'

Ref er rng oW tufuefeh Ghys 3frololtilbdfind Sruchrde S0k SADALYICBALIIRY, 6 BhHRI of the

i nvention is describe reference to formng a |ower electrode 42" in a
capacitor 52". mmﬂmf@lﬂ‘r,lﬁwgﬁhwFtIDGS’Z@“AS(lQ%fer fragment 10", simlar to

the wafer fragment dQmind OO dibe dl; kG AL XS'%?&&%&'aﬁ%eﬂ@%ﬁTh? waf er

fragment 10" conprises a substrate , , 16" usi on
regi on 20", an cpndyetivametab being sitvepip the ilystratedexamplgnen shen by denesitedrin 26"

Referring t‘B F él?oth@téx ﬁmﬁa@?ﬂ%&ﬂd%ﬁn&ﬂ@iﬂakﬁcﬂ%@@&?ﬂhe%dﬁ&ﬂgs' ted onto

the 25 insulafive layer m an under | ayer rst conductive
met al bei ng pl melam;rﬂppo(smd)mpgasm form agenrding togormentigyhlametiiods, ifréfersblydyauluct i ve

nmetal can be dep e&ﬁhﬂ conventional nethods, such as by cheni ca
vapor depositloﬁﬁﬁ physi cal vapor deposition (e.g., sputtering).
The repulswe forces of the dislocation (relief) structures or nanostructures of the

texturizing layer 38" causes the depositing metal to agglomerate and form island clusters.

20  The island formations of the conductive metal layer 40" increase the surface area of the
entire capacitor structure which is useful for increased capacitance. The resulting
conductive layer 40" comprises generally equally spaced structures comprising a
conductive metal. It is preferred that gaseous silver is deposited at a low temperature of
about 100K to about 130K. This achieves a high density of cluster islands, preferably in

25  which one island cluster nucleates within each network unit cell of the underlying
texturizing layer.

Besides the described Ag cluster arrays, the conductive layer 40" can comprise,
for example, cobalt (Co) clusters on a texturizing layer 38" formed by annealing
monolayers of copper (Cu) deposited on a platinum (Pt) underlayer, among other metal

30 combinations.

The rehef pattern of the textunizing layer 38" functions as a "seed" layer for the
depositing metal conductive overlayer 40". However, unlike current HSG formation, the
"seeding" is not random and the cluster arrangement of the metal overlayer 40" is more

precisely ordered.
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A texturizing layer 38" is then fornmed by depositing successive nonol ayers
56" of 30 a second conductive netal that is dissimlar to the first
conductive nmetal over the underlayer 54", the second conductive netal being
silver (Ag) in the illustrated exanple. Two nonol ayers 56" of silver are
depicted in th X | e shown in FIG 3B. The second cond j tal can be
deposi ted usiwgoi%ﬁg{}gnti onal nethods, such as chem cal vg%#%%gg%si tion :
(CVD), evaporation (Knudsen cell), or physical vapor deposition (e.g., 11
WD 03/ 063172 PCT/ USndé ad thbdr eledirodd 42 iig fpmed SiubstGiienf AGJess1anpe hyperfomid e
preferably deposit%ggat a hian;g)eratur%{,@{i,a out 400K. The Ag and_Pt netal

| ayers are theffingderaninug el knowndnane skilled in the artig sampistsdle capaener, Referdng n ¢ he
texturizing |aM$ﬂGi'3ﬁ,,theﬁb§ntﬁiﬁa426‘! gdigkmxlvlﬁ_h Q)ar%té;-(reabtﬂ iap& #haldaml hucnwle Ag 5
atoms attenpt to align with the underlyin atoms. . The anneal results in
lattice m smat®sirligyehdl \A%’?ﬂ“’i’%émﬂnhoﬁ'ﬁ ?"F‘g?é?s 3@4@%T'gﬁlﬂ‘sﬁlﬁlé’ek@eb%?erﬁ°&yers 56",
resul ting if GexaGpRIYyRSIP VEheh! & AbpicttdRFIGOIIS @R bhiter ager Al ORBeridved B6M A

| argely symmetrical .strain relief pattern or lattice over the Pt |ayer 54".

The strain rel PefoniiRer & nandiielean propess drsigned:in ramove pgjive oxide, fpp the syrface; gona

di sl ocati on nespRyIbweqBdHoinY eledrode M1"Usudh hdan HIF cléh] it p&rfirhéd. TA Bhinl@lele@nd Uri zi ng
| ayer 38' preferably conprises a periodic¢c network of surface dislocations as

ordered arrays¥¥ (3folaPa8pish srpiarmally drppsifed aver Sgdaenclestrode f2is @1 descri bed,
for example, {RaBHARRMEL e 2 condubtiVe mdeilyis depbsildd tOfodR 1280 4888 soRef er ri ng
to FIG 3D, once the texturizing layer 38" is forned, a layer 40" of a
conduct i vel9ret epmplairthe eppagitor,dructivg S2h eTheiton plecirgdesgn alse pamnsise palysiideBn be

deposi ted i N ORSrinkdn PRASR UM hshitiiRSh Widakp0 | ayer 38" to formthe | over
Srifhigadiar |

el ectrode 42". The conductive metal is deposited in a gaseous form according
to conventional netihermpliapeayid hestajute, fheapyeniéandio been desariveddmlangiiage mPise
repul sive for cq9eQfpebie agho StrbdiliaRPmEmbdita? fehtufls! HGL tHbESndefstdd@MMetdiCt Ur es of

the texturizing [ayer 38" causes the depositing nmetal to aggl onerate and
formisland cltheitkyigventiomis mptdintited torthe speeitiqafentares shonapnddes nicg henet al

layer 40" jacrgasent By gﬁ%&@%&mﬁ{s@awﬁrea %%?Sﬁﬂu&ﬁg%ﬁ%ﬁdﬁrinéteﬁlé&.t §he Which

I capaci tance. The resul'ti n_g conductive |ayer 40"

is useful for increase tanc ! ( uc
conpri ses geneinggntign isgiherefore, dpjmed i any pliga fomsor medibcativpnyitiin theprapect i ve

metal . 1t 1S DLsieiiRtybial AR ARohkN Sl dSPARhbEL Bl BUshegper at ur e

of about 100K to abou Iéves a hig nsity ster
i sl ands, pr ef esqubyplgnts.n
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25 which one island cluster nucleates wthin each network unit cell of the
underlying texturizing |ayer. Besides the described Ag cluster arrays, the
conductive |layer 40" can conprise, for exanple, cobalt (Co) clusters on a
texturizing | ayer 38" formed by annealing nonolayers of copper (Cu)
deposited on a platinum (Pt) underl ayer, anong other nmetal 30 conbinations.
The reli efWBBAT &8 CIOAIME® ISxt uri zing | ayer 38" functions as a "seed" |ayer
for the depositing ne c_ondLicti ve overl‘a#/er 40". However, unlike current
i

t al ,
HSG f or matl-on, 4 F¥ ods@?anwgga QWEIGRAPRG{IoN SleFPde. comPEFng therstepsofngerment  of

the netal overl e th SR | ; 172

PCT/ US03/ 01474 %%5%3 ﬁ}ghﬁg rl“%’é’f ggt?%gafgéu%aiﬁ[e?@feﬁ%%e&é sb‘%:%gﬁgnt process
st eps ar e qoanpisingedaensditgicteatkrifgueductiet mekah aampstroctores hakiniglsebstamtiallpe art to
conplete the capacitor. Referring to FIG 3E, the container 26" is filled
with a barikermdigensions: i er 44" and the conductive nmetal |ayer 40" is

removed from h%baﬁﬁﬁgﬂ!ac fcAFEemattial Her HREONBSUIRIAME tbRYBEingdayer IPT S
exanpl e, by CMP. " Then, as &lepl cted in FIG 3F, the barrier l[ayer 44"

: is
renoved f rfom thenewencapacitarel @Bbde handnga coumhengrsucfass desi gned to renove
native oxide fromthe surface of the |lower (bottom electrode 42", such as
an HF clean, is perforned. Athin dielectric l|ayer (e.g., Ta2(5) 48" is

conformal |y depesidigs (ﬁ?f@ﬁnﬁr%gt% é{)gxﬁapséi%%reeﬁ@dé%s?gggr}]ﬂ% fhe GQRAfCLi ve

material (e.g., conductive s deposited to he top el ectrode 50"

to 10 conpl et e dehesitapadtiyeoof sfirsticonduetie2hetallbreer ap pnselatoe dgede can al so
conprise polysiJican resulting in,a hybrid nmetal/insulator/silicon
capacitor. In éJ(‘}HB?‘P%E Y&k ?#13 ?er‘an%F‘H}d{J‘{’té‘,’e Iflﬁtéf ‘i"f‘f‘\‘ié‘?ﬁﬁ’éﬁcq{’é{é‘c%@éﬁet@escri bed

in languagg,dfoffy or |ess specific as to structural and nethodical features.

It is to be understood, however, that the invention is not limted to the
speci fic feat urangealingvhe firstl avkk seeoind echdustivicmetahlaydrs torfamsa atwizingdage| osed

conprise preferred forns,.o utti the invention into effect. The
ivent ; on PEPTsing AL GHLTEE] RO PR AR T Or o or mod 1 cat | ons wi ¢ hi n
the proper scoRBogiing BeoRRRANIRE et POATS tIRNAEEPEKROInNG 1hyHr @6 Rt BE 1dvhr

accordance with the doctrine of equivalents. 13 WHAT 1S CLAIMED I S:
capacitor electrode having a roughened surface.

3. The method of Claims 1 or 2, wherein the conductive material agglomerates into

island clusters onto the texturizing layer.

4. The method of Claims 1 or 2, wherein the texturizing layer comprises platinum

and at least one of silver and copper.

5. The method of Claim 2, wherein the step of depositing the first and second
conductive metal layers is by chemical vapor deposition, physical vapor deposition, or an

gvaporation process.
6. The method of Claims 1 or 2, wherein the step of depositing the conductive
material over the texturizing layer comprises depositing a conductive metal in a gaseous

phase.

7. The method of Claims 1 or 2, wherein the lower capacitor electrode is integrated

into a DRAM cell.
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1. Anethod of formng a |ower capacitor electrode, conprising the steps of:
formng a texturizing | ayer over an insulative |ayer, the texturizing |ayer
conprising a periodic network of conductive nmetal nanostructures having
substantially uniformdinensions; and depositing a conductive material over
the conductive netal texturizing layer to formthe | ower capacitor

el ect r ode havi ngnithcdugtfemeitlg auoivecepadtor Aleorbddw domprifiag thenges dfower
capacitor el ectrode, conpr.ising t&g steps of: depositing a layer of a first
conducti ve net dPeipga texuriziaguadsiayer Bier:  depositing a layer of a second

conductive nmetal QUEGiANE nldnbBlye CANOESE Y1 Fitbah indufREilayapd anneal ing the

first and second cg%‘dc?. ve me?ea | ayers to forma texturizing |ayer

conpri sing a str aleposighg sfo pambdermomflayranofst reoandmet] owrdhalBzosictal tayeq
conductive material qnto tPe %al t‘gxturlilzi ng Icgyer to formthe | ower
capaci tor el ect r GReHUgthg st pd pcand meld faygseady” The method of Claims 1 or

2, wherein the dé?@éi‘ﬁﬁé 5Z@efr@ﬁ@fhiiﬁlmaglqpfg%?ﬁ@s@axiﬂogtrqetexhﬁiﬁ@gayéﬁgtf@ﬁé onto

the texturizing fayer®. 4. The nethod o al s 2, whereih the

t ext uri zi rthe losmee camaoitpr ¢leasodplhavingamoughededsurfasast one of silver and copper.
5. The nmethod of Claim2, wherein the step of depositing the first and
second conductive netal layers is by chem cal vapor deposition, physical

vapor depagiti 0}9me%od%ffoﬂﬂiﬁ@%fc%ﬁc@t@r,%ﬁﬁ%éﬁﬁi% G stdppcofet hod of Cdaims 1 or

2, wherein the step of depositing the conductive material over the

texturizi ng | aydepositnga layesolieficss ceridugtive wetaboner ian énswiatiak liyer,a gaseous
phase. 7. The t hod of ,C ai | or 2,.wherein the lo C citor electrode
is integrated J°RPYURE HIART Etgﬁschoﬁ‘ilcﬁd“\é\@‘f?e‘flﬁtﬁhorg? t]?eot\rll\ﬁ ?@%ﬁgﬁw&v@?ta apaci t or
el ectrode,lpg@nprising the steps of formng a texturizing underlayer by:
depositing ‘a nonol ayer of a first nmetal onto an insulative layer; depositing
two or nore norishealmgshometal taversrtd fom alexovizing layerfdomprisingtagperiodicer ;
anneal ing the first and secqnd. met al IayerS' ang. L
network of nanostructures having substantially uniform dimensions;
depositing a conductive material over the metal texturizing layer to form a lower
capacitor electrode having a roughened surface;
forming a dielectric layer over the lower capacitor electrode; and

forming an upper capacitor electrode over the dielectric layer.

10. A method of forming a capacitor, comprising the steps of:

depositing a layer of a first conductive metal into an opening in an insulating
layer;

depositing a layer of a second conductive metal onto the first conductive metal
layer;

forming the metal layers into a periodic network of nanostructures having
substantially uniform dimensions to form a metal texturizing layer;

depositing a conductive material onto the conductive metal texturized layer to
form a lower capacitor electrode having a roughened surface;

forming a dielectric layer over the lower capacitor electrode; and

depositing a conductive material over the dielectric layer to form an upper

capacitor electrode.
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depositing a layer of a third netal in gas phase onto the texturizing |ayer
to form the | ower capacitor electrode having a roughened surface. 9. A

met hod of forming a capacitor, conprising the steps of: depositing a |ayer
of a first conductive netal over an insulative |ayer; depositing a |ayer of
a second conductive netal onto the first conductive netal |ayer; annealing
the nmetal 1hayerkhetfiethéd 6F @lai XN OV hekeihGhe fiy® coRdudfivé mcty isddapesitedctinto a net wor k
of nanostructures having substantially uniformdjnensions; depositing a
conduct i vesondusive alugrrppsadnwithipths opeaingand in plgctrigplgontast pahs HifisoR

capaci tor a(;;éaectrode havi ng a roughened surface; formng a dielectric |ayer
over the l'ower capacitor electrode; and form ng an upper capacitor

el ectrode over the dielectric layer. 10. A method of form ng a capacitor,
conprising the steps, of: depositing a |layer of a first conductive netal into
an openi nglzi-n ah ISP CPRPISINGy er . depositing a | ayer of a second
conductive neta| fJ 21: oRbRl ; ) : met al

| ayers into a gdelP ﬁ/(@){j?egﬁﬁ% rﬁ%%ci%gggﬁgﬁg%?gggt ur egv%glgié'ﬁ%veﬂg%ﬂgg‘g{uﬁgﬁgy

uni f or m dilagRsbmpssihg afperiodie@ neevark of exdduciivd metal ayestructepehatinpg a
conductive material onto the conductive netal texturized layer to forma

| ower capadbitantiably sytpER dIReRsiNg: a r oughened surface; forming a dielectric

I th 4 i : t : .t ducti
ayer over the d QUEEEIBATbLOyifk BRUSARS AT ERGR, hao @ conductive

mat eri al over t rc an upper ‘capacitor electrode. 15
11. The net hod anfuppbitapadifnr eldvanéd overlying the dicletnmdlagen. ve nmetal is deposited
onto a conductive plug exposed within the opening and in electrical contact
with a diffusion area. 12. A capacitor, conprising: a | ower capacitor

el ectrode @onprigi Pa&t&%% imwhgagﬁhhevéﬁﬁryii 1a2elt&9fﬁws%§5ﬂgastw_er

conprising a periodic netwo of "conductive netal nanostructures having
subst ant i alohguative fieatats.di mensi ons;

14.  The capacitor of Claim 13, wherein the texturized layer comprises platinum and at

least one of silver and copper.

15.  The capacitor of Claim 12, wherein the periodic network of nanostructures

comprises a strain relief pattern.

16.  The capacitor of Claim 12, wherein the periodic network of nanostructures

comprises a trigonal dislocation network of unit cells.

17.  The capacitor of Claim 12, wherein the lower capacitor electrode comprises a

plurality of metal island clusters.

18.  The capacitor of Claim 12, integrated into a DRAM cell.

19. A semiconductor circuit, comprising the capacitor of Claim 12.
20.  Anintegrated circuit, comprising the capacitor of Claim 12.

21.  The integrated circuit of Claim 20, further comprising:

an array of memory cells; and
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a dielectric layer overlying the | ower capacitor electrode; and an upper
capacitor electrode overlying the dielectric layer. 13. The capacitor of
Claim 12, wherein the texturizing |layer conprises at |east two conductive
metals. 14. The capacitor of Claim 13, wherein the texturized | ayer
conprises platinumand at |east one of silver and copper. 15. The capacitor
of Claim 12, wheteenahcirbdtrperi odi c network of nanostructures conprises a
strain relief pattern, 16. The ca@aci tor of Caim é‘% erein the periodic

network of nano¥Rgreidihs eapaciiQyipmithinsanonepingdn an insulatiye JavepAverasHBFRIOf  uni t

cells. 17'm-5n§ef%@19f.‘ﬁf§o%afc9tvit9 'a@if@areﬁ%ﬁﬁftﬁe%\%iﬁg@"er capaci tor el ectrode
conprises a plurality of netal 1sland clusters. . The capacitor of Claim
12, integrated into a DRAM cell. 19. A sem conductor circuit, conprising the
capacitor of Claim1l12. 20. An integrated circuit, conprising the capacitor
of Claim12. 21. The integrated circuit of Claim20, further conprising: an
array of nmenory cells; and 16 internal circuitry; wherein the capacitor is
within an opening in an insulative |ayer over a substrate and in electrical
contact with an active area within the substrate. 17
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