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conprised by wordlines 14, 16. An insul ative |layer 22 such as

bor ophospheti | i cate glass (BPSG has been formed over the sem conductive

material 12 andSethreeﬂ ¥\Df1n queseh ave %éenlése'veloped 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. 1A, 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
(BPSG) 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



A doped polycrystalline plug 24 has been fornmed through the insulative
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Although the HSG polysilicon increases 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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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 reSl\llting ina

30 textured layer comprising surface dislocations in a strain relief pattern, 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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dielectric layer and form ng an upper capacitor electrode over the
dielectric layer. The capacitor can usefully be integrated into a DRAM
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polysilicon, conductive metal) overlying 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 (IC) 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 ofthe 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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dielectric |layer overlying the | ower (botton) el ectrode, and an upper
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Unlike prior art” net ormng a 10 capacitor usi on
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nei ght . - IR ey bapk ek BPAERES GRERLY 8 CEaTIeoNNHB FETIdPTtER ol §
desi gned EHﬂfq.lhe capacitor to before such low temperature materials are deposited. The present
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.



engi neered, which facilitates the fabrication of the nenory cell. In
addition, with the present nethods, norphol ogy needed to i ncrease surface
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PCT/ US03/ 01474~ FIG ZATs_a diagrammatic cross-sectional view of a
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di agrammatic. cross-sectional view of a sem conductor waf erkﬂ% a
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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  as a semiconductor wafer (either alone or in assemblies comprising other materials
thereon), and semiconductive material layers (either alone or in assemblies comprising
other materials). The term "substrate" refers to any supporting structure including, but
not limited to, the semiconductive 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 10' 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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sequenti al processing steps, show ng fabrication of a capacitor el ectrode
according to 10 another enbodi nent of a nethod of the invention. DETAILED
DESCRI PTIVN o@W63iHE PREFERRED EMBCDI MENTS The inventi on wekir/uses/aascri bed
generally with reference to the drawi ngs for the purpose of illustrating
the present preferred enbodinments only and not for purposes of limting

t he sane. 13¥es 22| f RS pr othen suifelde prsoladizs imagerid bpssbeep deppsited avertibe
fabricatiqn. of 15, Lheond r ,devi c inacc anc A :

| nvent  onopteus AT BESPHERRY 18,5 Bl R R EFRPRINE fpta IR E B

only a pometm®aepakitédidteat opepidgahroughthednsylaadager 22nad dneel €dtiricad Bbntact
applicatiogn, the terns "sem conductive wafer fragnent” or "wafer fragment”
or "waf er 'befiaen thecapasitr s2ody the dfisiongggion dAs tTEdpresAing sHYFtuLss sgn be

sem cogduGhAed Bl &l BhiorNEM DR R arllseh Emhte%q L0tk oRLARpdACt [ Ve
material s such 20 as & sem conductor wafer (either afone or in assenblies
conpr i si ngvidt sidewatht3eét aral sbottonep@tinh 37'ahak Isseniconvettiotallyectctatlentoahe | ayer s
(either aI.or‘llf or .in gi,senbl i es cqng i, sing other materials). The term
"subst r at dnSUWANEIYY e 52 AR EXRASE T RIP 84structure i ncluding, but not linited

to, the sem congupldiyetoBisRmbotARUIR OF fheFhethd, it dRRGTIdaAcaRANe. A first
enbodi nent of a nethod according to the invention is described wwth 25

r ef er ence nagosauESremsgompgisinzHn ipsulativiesilivod oaf cdrbidaicergmac, latakormed asa r ode

o Sndfin dptdpglonds Ao B pmER e B R depRieei it PR B bR o

The waf er shifag®ed ofifle siitie@ienfly @8Sostiad cERANRIVSRyar 4(B ROtk & arvaf er
substrate or the wafer along with various process |ayers forned 30 thereon,
ncl udi ng depesited, ippearalpiin Shauet dr Srigyer 25061 1 BREHS (16P PaenbResly-Bbimet | ve
or opera pes.than J 5 C devi ces. The wafer fragnent 10
conpri sesl%zltagIS’lfgcé)t}r@{%' %ﬁ)gil?csﬁolgg?g%%e’ryst alline silicon, wordlines 14",
16', and a di f fgisectiegindriof@giphyefaierktuzRingflayersd’ ¢an Heharisdibsdokdihg 12
between the wordlines, the diffusion region being in the formof a .

sour cdPdr 49 HerRabymsric mategalprsanseiestiondasgyOERsBE @remeters thap preemployedapsc or

0L oS RNl SRS oo L substrace
pol ycr yst a&npineered baprovhieehffelemomnostdichunesoasatesiogh m thg fodm ofipdres brereliefSul ati ve
layer 22 s?rﬁct%pes%{lc Catlsrsitr%?sl, g?r%? s?grglong others, by varying, for example, the polymer
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 A|BA,,
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.



bet ween the capacitor 52' and the diffusion region 20'. The foregoing
structures can be 5 forned by conventional nethods known and used in the
art. A combasmen7or opening 26° wth sidewalls 36' and aprowtusoswiosti on
37", has been conventionally etched into the insulative |layer 22' to
expose the plug 24. According to this enbodi ment of the nethod,

t hr ee- di mensi onkie teparing layanerodterfabrieatestinstaithesa peraps ersickigf Sémlctuﬁ%l!i)l)'at ive
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area of t iwo&uhsmbleﬂt bgpomﬂaqu&@ebo@ondu@ﬁampﬂae lacAer00A (kgShsintribigdket ur es
are described, for exanple, in Chan et al., Science 286: 1716-1719 (1999),
and Phel y-PBbm“ﬁ (AeBAZ) compggijion g be usedp fom 3 deghle gypid mombplogyid st ruct ur e

and torr% H}Bny taftfon i&lﬂ(@g gmeégo gene?)f&(vol?lé n G 3atle oifanbﬁpc&ﬁeﬁﬂﬁlg'bﬁ'&kslfS to

t he po IC mater ntrations and processing paraneters that are
enpl oyed i(a. g fporymPMDStSj)g ahéxdhsequently cheedeo forvba parpaotous wlracting, Byheay of

t ext 38 di f f erent
nanost r uctegrsaisen. aaa1PRl 1 2fke/RB PERRE ae e LRI cbmpeftiotbmas 18 such

as struts,fgy Eﬁﬁﬁrse@%ﬁ‘lg g9tdig }Qﬂog’)aéﬁ@ll%n-cfoﬁfalrﬁffg?‘%kﬁ (e.ghe pol ymer
mat erial, the copol yne concentra I ons, and par aneters used for curing

t he depos inoé;dPB/ﬂ)':‘p‘bl ryetmrksm ayetrix dfdlyddwathourb10¢ (egngelyasoppened vdhiglegarand
speC|f|c reas c varying the nol ecul ar wei ght of the
copol y rgfﬁap ﬂgﬁlwnﬁﬁF@PV§ H“%%&“?esultlng texturizing layer conprises a
hi gh density ofrdRpathé te&iudzRg 19RN88HSpIIMHMEREmaterinl & @epdsite@batatthend
cross-dimensi ons. Preferably, the resultlngtnanostructures are highly

ordered vinsativegeyer 8d tctudmarthe ridewalls 3 0é therrontapsr Fheandeyerihe R!ugraﬂeru al
conpri ses g, f ;%6?' r?cr hele n$1 c%ﬂﬁ %gﬁos?te%g c88vrkn? H:h I K M%d u?&i SLROPI e

of a p0| ynerli er| a nanos I’UC ures o UI’I Zl ng

| ayer 38' a@ﬂﬁ@lﬁldﬁ]@§fo‘3 Iekarﬁlﬂe POt @ép@smgntpblytﬁhmkn@opm}yﬁerspmafn frbeesk ygre
A BA2, where t A" i s a hydrocarbon bl ock such as

po: yi 96pr ér?@mﬁchoﬁéetv @fB) éﬁb@ﬂ%e?h‘? Rolymerie fayghisdlsi sppfsdgo ltsvicletuch as
t I I
pol y(pent g g§ﬁ)% ?"h & And ¢ s)reaguﬁgtlc Eﬁ@?ﬁ%éﬁ@m ra/sWﬁat'fe £ria

is describ or enehtTone an et a (1999). O her
usef ul poltgxreriziag ltagzkaeBs abesng mcthcjﬁanmfl syrfach 1m1hd11y1h1strdteﬂ<anb<)dlmast (F#es2B).bed in

the article by Phel obi n et  al 00Q and par nes ch Iene N
(P )l PA AR B Fastiei egbibssic renal o be dangsed Ao Bt Jrudire e

22' by vapor deposition polymerization (VDP), as conventionally known 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 incorporated 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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WO 03/063172 PCT/ US03/01474 The texturizing |ayer can be fabricated as
either a porous or relief structure, by varying the volune fraction of the
hydr ocar bwo obbéemkz rel ati ve to the silicon-containing bl oekrtiusos/mardl ock
copol ymer precursor. For exanple, a 24/100/26 (kg/nol) triblock polyner
(A1BA2) conposition can be used to form a double gyroid norphol ogy of 5
hydr ocar banedstesgineddeels. Gateppsopnemer of tedspiked pﬁy@ehﬁtm toxbedeposited,

o111 con copt 8l B89 PhRSh Epub S riBRLY (PABERvec QUIRRISHNL: SHART L0

8!
forma nan %pUS structure conpari son

tribl ock pgbzydmf EAABARS o(f@mgﬁiljzﬂ]a@ usefil ipaheii@dntich intlodepayldnayaichasdoubl e
gyroid m)r hol ogy of silicgn-containing block (e.g., poly fPI\/DSS net wor ks

in a mtri x’\%ﬁa e Aeflom (isr.goky tetaatlporoetyylsne smda l»)napwﬁ cap swfhiciend pe
conver tzed I 8'
Con oot ol P8, 8RR B LSSLSAEploy] SR P ML AL R
i ncl udi ng Iidmmtlmtm;ahdmer‘?,@ht}mht blha’kmg)titemomemlczﬁbondsndehepo]laheedpl ug 24

The polyneric material can be de ited, b onyent i naI thods known and
used” 1 n”§ HBOMGES [ P2 PP E msnane Vafier {HEHOGT POIDOIER| 2at | on
(VDP), a sphin@RhibkR&E afiforitylduird-3nAtgosibpdgett (L-B) _tec_hnl que. The

polymeric layer is then exposed to ultraviolet (UV) radiation and ozone

(03), resultindnian examplefof depqsitianues arpmhosen fidot by EEVDPatexcfroplmytdmosition

texturizin er 38 bei formaof struts.in the illustra
erbod Wen PR ofs poty e (AT TR e SiisP Sutlfele e flff et
deposi t ed Q’Otﬁobéepl‘eaﬁbﬂr%ﬁqﬁﬁaﬂu?é’ %Bout%30°@yreéfc%laﬁrterﬂ§&9t%fé 'a@éhtl@@*’(y nerization
(VDP), as conventionally known and used in the 20 art. Brief a

convent i orsbstiAbPteoaratiere pabolibd Grend” obwehefatwmgreaswc;wboet frﬁanemmldemsitmrec ursor

2t an o evibednd At dnee, SORET RERT Sohtanering el et Rer 1or TRy o

NMONOMEer S Offeldis a‘]‘ogfiéd Wﬁé&tﬂe%hﬁnﬂ@r&@ﬁ’ts&b AEr&RA D Pressur® be i Base prd3diirk! ene- N
(PA-N) filmcan deposited by VDP by heating powder di-p-xylylene

(di merlS t o aboutherslyraeric materpltanadsods denesited Ibéfcﬁﬁpékon trshaigpowhegby e vapor
i nto mono ”%!ﬁlop%f %r&%lgrﬁéﬁ Bbtefiaf ﬁqgﬁrc%ﬁfég %{1 e%g%tﬂﬁttwg et u?i'ﬂg ) then

deposi ting onto a si on su enperature and a

| ow deposi dono¢htivatieeqafpnadi® biid POcdNingngphr biduchan apphcitionad freédstanding . A
polymer filmcan al so be deposited by field enhanced vapor deposition
pol yner i zaROSGEYPE ERNASIYTL wagld&é@mt%&d Faemplagypprametess t9r e pir-ent  No.

6,022, 595 430 PPN vilferlbtation o stk 36b A5 90 Wih Hhl ol ier por at ed by

reference herein.
20  comprising about 4 to about 6 weight-% polymeric material in an organic solvent such as

toluene or chloroform.

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



FEVDP, an electric field is used to enhance the rate of vapor deposition
pol yneri zation of a polyner filmonto a substrate. Briefly, the substrate
i S connecwedspésiz vol t age source to formone of two el ecrrcodmss/ofi’a

paral |l el plate capacitor, and the capacitor is placed in a vacuum chanber
where paraneters such as pressure and tenperature are nmai ntained at 8 WO
03/ 063172 skQE U6 3¢lativervolupe édetiar ofi the iy drevarben biggk twibs sisnorentsingfg t he

desired pqglyner filmiaqg, be deposited ar lied to the chanber and
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precursor tenperaturé, reaction tenperature, “abo
subst r at e dasenrpaatiat iorestclaRikE) obSputoetch,delpdls ivoubirepors saatezial fibmuthe 50 mi nut es

deposition tine, apnd a.field strength_of.0-6 V, using a.parall el

pl at e Qapdiorizental sppiaces H‘Eiurdiulgt ?E’B‘iﬁg“i%g %fﬁB‘F F%ga%@g}‘%@n&aﬁé{‘%‘gﬁ“?ﬁ%ts to
I ncrease i3t93,léhrv?r%StHE?exlﬁ?r)fd)ﬂﬂn&élﬁai%?%nﬂﬁ@@épﬁ@ewaﬂlﬁ 3ghe pol yneric nateri al
can al so be deposited by a spin-on technique whereby a solution of the

pol yreri ¢ mat erRefrring nopi to-RI6a2Bda eonductinelayas4()' it depesitedyaonfoppally, enteg

convent | ongl SRYLBORRL AN BLSGESSHIR AR Ry 3 RRRLLELL 2

par anet er Exfeftplarh @ofdiicive hatedRRASEhEOHoped Ghldaphos Vel géry §talliat,iaa0 peéudabout
500 rpmto 5,(5)00 r and a solution 20 conprising about 4 to about 6

wei ghtl50% poysiating &lﬁﬁm OF R aPndugtisgmetal siahcas dungptant Platipin ditanip), Qrhenigp

Hl ; . al . . . '
convent | on e B (.l BB rof g BhoPLROCMHERAT MIGH Haefbing,
pol yneri c pohfstlidoalin itise iHuspeateabaimentwdthe conduetil a amteriatlcdn endepesitedd as a

filmonto the surface of the insulating |ayer using vertical 25 transfer
met hod maswfopn@twaﬁlépeéleg% ammsgéan%m vanRe Aeasitded CH e tighyeival vAReT wat er

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 uniform height.

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

25  into the cell 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 conventional 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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interface. After deposition, the polynmeric filmlayer is simultaneously
exposed to a flow ng ozone atnosphere (2% and ultraviolet (UV) |ight
(preferabipo2bés1mr) at room tenperature for a suitabl e tipaeysesoady for
exanpl e, about 60 to about 90 mi nutes. 30 Exposure to an oxidizing

envi ronnment (ozone and UV |ight, or an oxygen plasma) results in the
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texturi zi r(g/[dlﬁtxyc&rodtﬁaker Nb)aca‘ndfemsed @ Mt BRIppaFl 72 PCT/ USO3/ 01474 struts.
The relative volune fraction of the aydrocar bon bl ock t

t he
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texturizing layer 38" 1s renove to cl ea t he bottom 37' cont ai ner
26' over | yiemgve hativel axgle2dat may lavedormdiatvet the 16ws1(bet§qubclt:¢tyod¢elﬁb§dnt ed
conductive filﬂgias.in el ec ricgl .contact with E)h Fﬁlu §4'. B nsures a
Sonduct i veXamPle. bY Smmerngche palir iR op B, Siption or DY HIRy Bpimepl 20rdng o ogh
the plug d4onveéaifndl SndiinRiskubsaangRtdty formed | ower el ectrode 42'. The
texturizing layer 38" can be renoved, for exanple by a punch etch using a

convent i onal drKﬁféltfmﬁ tpFtee2H, %t!mhdlelﬁtr@ lpeercdsi m@onf@ﬁn@li)cﬁep(ow@) ovsf theput t er

et ch, e f45:0

i ncl udi’ng rpﬁéf%u atcgﬂ?@‘?%%?r e??lcémg {nﬁcfaﬁﬂé’ héc}?[iSzgﬁ 4 Con ?8g03$ftace 39',
| eavi ng t hffelbait w;emg'wlmty;ﬁaalyrudm@rﬁe silieen aitille @lﬁayvaFémaﬁr caplgfoey,r i ng
now to FIG 2D, a conductive |ayer 40' is deposited conformally onto the

waf er overanxempEgy dxeiefmdayw&lssgltalameamxaiedﬂa@siw qopdugivematerial dner
| ectrod h
el ectrode i dcpoHETTRSPIN SARGHEIPAITRS Rihib dShbiFegiabes Ay phous,

such as t wigsioda 50'p|Thk iteyuetecttdde 20! unmprrsm heondumive RMajerial suohiasidortedh) |,

tantalum(Ta) and other |ike ele S d alloys th eof
pol ysilPi caPlysiliganeriacopdyctiye gl?taén‘gg ‘i’l‘éﬁ‘ﬁt“"’r‘i’?@te Osr‘rtﬁgé?P can be

deposi t ed dlﬁé&tﬁgl pxmﬁ, cgﬁéénn%ﬁam&ﬁodssm RTVADEIP gy Llcmau%gasr &2Ba8bA 1 on

(CVD), or physical® vapo eposition (e.g., sputterl ngj for a conductive
met al . Thdetgsputtaing) fdrhenct@lrldatcluowemp@ethe capacitor stretyged@k al |y predi ct abl e

based upon Lhe RLELELNLS MHICRRRShSBN B e, MSELIG o SKdiEl 510
general | Y invention is described with reference to forming a lower electrode 42" in a capacitor 52".
20  Referring to FIG. 3A, a wafer fragment 10", similar 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 FIG. 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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regul ar pattern and uniform height. Referring to FIG 2E, a barrier |ayer

44' s preferably deposited to fill the container 26', in order to prevent
t he sl ur nyoeBoes1subsequent polishing step from passing 2pcirnuses/éiaes cel |
opening and contami nating the cell. An exenplary barrier |ayer 44

conprises a resist material, such as a novol ak pol ymer resin. As shown in
FIG 2F, tipatterngdr Sflverdisamonolayess ardverafombv denosited st temperature pBabout
conductive dO?%/er 40" from horizontal surfaces 39 of the insulative |ayer
22' . Such nari zation can be acconplished for exanple, by a conventional
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42, typically pye (VR FRE. $b! LG %8&1%%@2&%%@315 fghﬁ%cﬁ%tl%’§?4b‘a¥feg 48’

will typically conprirse sificon ni pacitors,

exenpl ary ein@h@blemhetall Boiag sitkr in thetihuiptratedrexgapleprandier Ha&@z‘»);uedqncg@mduct i ve
material is then deposited over the dielectric |layer 48 to formthe top

(upperl® capfies ewp the GvariziaE dyer detodorm tl"ﬂw‘éwﬁbﬂe‘éﬁ@@t“rz dghse@“dé‘é‘h‘ﬁﬁ' ises a
Conduct | vonll Sk gl BnsSanety L aahysl LBl BB BTE 8- T
convent i onalapomtilottshniguech as CVD, or physical vapor deposition
The repulsive 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 relief pattern of the texturizing 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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(e.g., sputtering) for a netal plate, to conplete the capacitor structure
52'. Referring nowto FIGS. 3A through 3F, a second enbodi nent of a nethod
of the iwoesbéxam is described with reference to form ng aclrasesorblect r ode
42" in a capacitor 52" 20 Referring to FIG 3A, a wafer fragnment 10
simlar to the wafer fragrrent 10', is shown at a prelimnary processi ng
step. The waf erOncreatg@rmerr@ctr@dﬂ@f'usémmdsambwam@rqws Stemdpéﬂﬁ@@em

Lo G A WA 1S o

conformal Ity Fie;pem, ﬂﬁd:oﬁtlahﬁr péreis filled mithud lﬂimme(rés@y)elayémm" tad ﬂﬁr(ﬁh@lﬂ:tlve
under | ayer 54", the first conductive net aI being platinum (Pt) in the

i |1 ust r at anetablanen 49" istemoved Semchenirontel sastaces 30" of dhe Heanlatiysdayered (81 ng
conventd o S I Lo

physi cgl C%po&g?é gggg‘éﬂ ?gér})?id%%tgggﬂi{@r%%g%% th e 15$4i42 anlg@&%defr‘rg 8" is
then f or nele byntai@pozi"t amba deacgesdsy desipmedl tayensveatitivebxiddrom tiecorface

conductlve t i i SSim 0 th |rst congduct tal, over the
under | ayer® ﬁ’“teﬁ@’ oD AreRRITA P e ﬂs?w e 5(&35? fiegefic
illustrat qu&%é@'ﬁgs)ﬂﬂmls%ﬂﬁlrﬂ)@& %e;iﬁltec%ve?'tlﬁé’l%(zve@él@ctﬁﬁilé'&t' efhdian the

exanpl e shown in Fl The second conductive netal can be ‘deposited
usi ng conwentugivaimateiaidelsg., cmhtl‘ea;mcﬂabm daiosnadatp(fonmﬁpdsp tlegtmoc(edﬂf))to

S oD, o Pt GeiSter buuive B i tog FEToad GRS b G oliysitigtn VO

pref er abl yregl@@@sint £8b#d rBethBANR4BE/Sili€orPéapabisst 400K, The Ag and Pt netal
| ayers are then annealed to a tenperature of about 800K, resulting in the

texturizing I ay@rcoawllan@swm@péta@ae,uthe mventigchas baen degoribed iadmneapge e Ag 5
atoms at! ok shedht oAbl Snd BB Waltes2 40T, nI BEAUASRbobEodt L 11
attice msnatc |n vveen ayer an overlayers

56", resulthatithe meﬁtlorcl@mipflelﬁﬁed/@ thé E@cfﬁdfbathre‘s@h@xeﬁ aﬁch@eségbéﬂ; gifiBe the form a
I argel y symmetrical strain relief pattern or lattice over the Pt | ager

TiRe sheassherean displospgdiqorpHse hr&ferfeg foapselpueting the invephion wigefiect T
”' 90”3' %&%r%ﬁﬁé gl%rag%é'\?fahn%ﬁ g%'fﬁg ftnR! i & émBiﬁs Within tﬁ@%lloﬁ [Jhe 10

texturizing layer era nprises a periodi ¢ networ f surface
di sl ocat i anepast thenpiendel eainssyeppripriatedy diterpresidanatcasdance wwithabe d&udhe af

structure is.described, for exanple,
equivalents.
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in Bromann et al., Eur. Phys. J.D. 9:25-28 (1999). Referring to FIG 3D,
once the texturizing layer 38" is forned, a |layer 40" of a conductive

nmetal , bewog3ssdiver in the illustrated exanple, can then peTdespssised in
gas 15 phase onto the texturizing layer 38" to formthe | ower el ectrode
42" . The cqnductive netal is deposited in a gaseous formaccording to
conventi onM&%MM&bI y by an evaporation technique. The

repul sive fior cesy fferfdatordbpling d1dvadt ce?féiﬂo%mct%creyem}sﬁsin theRRPPSET UCt Ur es
of the texturizing layer 38" causes the depositing netal to aggl onerate

and form i sl and fotmisg ertexturiZiog iHyer ¢ &ir andhshibtivaidyon sheoextunieingdaygnct i ve net al
| ayer 40" increase the,surface area of the .entire.ca itor struucture

whi oh |s uSEFRRREAN RIS eLaTY QARAR Fishe ot e PUEY PRGTR SERE ve | ayer
40" conprises ggbahiaklaoRAENE YaysPaee theStek iz inp@8yegONPr i sing a conductive
metal. It is preferred that gaseous silver is deposited at a | ow
tenperature of about 100K to about 130K This achieves a high density of
cl uster islsands, r . i.ch.: ' n - tes within
each net work uni/? B}r?gl{ol% Og? J)%'H}ég ﬁn&%ﬁﬁ%@ﬁp?g&t&% g?%rﬁ%%{ehre g{%%??des t he
descri bed Ag cl Usigihganéayszing hgecovedua insvlatingysier, 408 tegamizogipyarse, for
exanpl e, cobalt.  (Co) clusters on a texturizing |ayer 38" f rme%?by )
anneal i ng RBEISEg@rReTigeicaghyuk of @sr)facaégsgtmeégla&lﬁgasgb%%ntﬁﬁbhu(l §ym height;
under | ayer ,an?rmng other nmetal 30 conbinations. The relief pattern of the
texturizing layer 38" functions as a "seed" layer for the depositing netal
conducti ve over |fageing 4&bndudtiwe Ver ovarlthakiexwarzmgriayedSG f or mat i on, the

"seedi ng" is not random and the cluster arrangenent of the nmetal overl ayer
40" is nore precisely ordered. 12 WO 03/063172 PCT/US03/01474 Once the

l'over el ecty ode g&eticdl JfF6/MMAg aIPSRAPRINor BILOGERS c&hfRin@tiR sRPE ber med usi ng
techni ques well known to one Skilled in the art to conplete the capacitor.

Referring to Fldgpogting 2 festurerfieraiing mapstal prfofanlimsedptingtlayes, barrier (resist)
| ayer 44" and t conductive ,.netal layer 40".is renoved from horj zontal

surfaces 3o- of IPRETEMPAE el i GyR hrekpor bl ENAES of SRTRABALEON &
depi ct ed | Minffofen dafensidis; &rr ri er | ayer 44" is renoved from the container

26", and a cl ean process designed to renove native oxide fromthe surface
depositing a conducftive layer onto the nanostructures.

4. The method of Claims 1, 2 or 3, wherein the texturizing layer or texture-forming

material comprises a polymeric material.

5. The method of Claim 4, wherein the polymeric material comprises a hydrocarbon

block and a silicon-containing block.

6. The method of Claim 5, wherein the polymeric material comprises polyisoprene

and poly(pentamethyldisilylstyrene).

7. The method of Claim 4, wherein the step of forming the texturizing layer
comprising depositing a polymeric material comprising a hydrocarbon block and a
silicon-containing block onto the insulative layer; and exposing the polymer material to

ozone and electromagnetic radiation.

8. The method of Claims 1, 2 or 3, wherein the texturizing layer comprises a

conductive material.
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of the Iower (bottom electrode 42", such as an HF clean, is perforned. A
thin dielectric layer (e.g., Ta2(05) 48" is confornally deposited over the
| ower el ewros@esi42", and a conductive material (e.g., comrduniSoyelsnmetal ) is
deposited to formthe top electrode 50" to 10 conpl ete the capacitor
structure 52". The top electrode can also conprise polysilicon resulting
in a hybrid nmetal/insulator/silicon capacitor. In conpliance with the
statute, the i nvepthQRDSSCRRRR, ABSEH e ExhitiZiANAYAAR RS at¥ast KRS
specific as to structural and nethodical features. It i's to be understood,
however, tconductivemetalention is not linmited to the specific features shown
and descri bed, since the 15 neans herein disclosed conprise preferred forns
of putting the invention into effect. The invention is, therefore, clainmed
in any of ifos fOrHEEn&hodBECHIES! WABRInWhE RixfurlAg; YRR pris6OPIetimim, dng at
appended cl ai s a%ptopriately interpreted in accordance with the doctrine
of equi valleast enc afZilygy @6/ @eBa72 PCT/ US03/ 01474 WHAT IS CLAIMED IS 1. A
nmet hod of forming a | ower capacitor el ectrode, conprising the steps of:
formng a texturizing |ayer over an insulative layer, the texturizing |ayer
conpri si ng 1an orfdermeehed 68¢laith Jnahesin the tiep ©F fanisgiths ttaninizhg layemni f or m
size; and fornmng a conductive |ayer over the texturizing layer. 2. A

met hod of fEMWIA%-a | ower capacitor el ectrode, conprising the steps of:

formng a text Urdeééé%?t?n AYeh cﬁﬂcﬁ%ti@@m%ﬁ?%t@%é‘ﬁsﬁlﬁﬂ%lﬁ%r&l)e texturizing |ayer

conprising a peri et wor surface structures ving a substantially
uni f orm hei ght ; dapokifing asevgnd comtudtiod meial bty dlie fnsecordoetiteexttalk; iaad ng | ayer.

3. A nethod of formn | ower capacitar el ectrode, conprising the steps
of , depositingfﬁ“?%%gﬁﬁ%g?%ﬁﬂpgﬁg%QF%?Pé?“:H@gﬂﬁn i nsul ating | ayer;
formng the material into an ordered array of nanostructures of

substantially wuniformdinensions; and depositing a conductive |ayer onto
t he nanost ridct urlds. methodrpeClamHddwhdreidi thé step of fopmang Be comductivalayereover

;gi(;lrjlr Ia|2| nqhel %Xglrriz%rg lggétc%&%}ig&rdgpggtingngtcgnr u@éivecr%e A 1of gsas‘fejzlol.PsOplh\clisrg.3 rre
13.  The method of Claim 12, wherein the conductive layer comprises a plurality of

metal island clusters.

14. The method of Claim 11, wherein the texturizing layer comprises a plurality of

. two-dimensional structures.

15, A method of forming a lower capacitor electrode in a container formed within an
insulative layer overlying a substrate in a semiconductor device, the method comprising
the steps of:

forming a texturizing underlayer by depositing a polymeric material over the
insulative layer, and exposing the polymeric material to ultraviolet radiation and ozone
whereby the polymeric material forms into nanostructures comprising a
silicon-comprising ceramic; the polymeric material comprising a hydrocarbon block and a
silicon-containing block; and

forming a conductive layer over the texturizing layer.

16. A method of forming a capacitor in a semiconductor device, comprising the steps

of:

15



5. The method of Caim4, wherein the polynmeric material conprises a

hydr ocarbon bl ock and a silicon-containing block. 6. The nethod of Claim
5, whereiwotdmeziot yneric material conprises polyi soprene pamdisSo3/01474

pol y(pentamet hyl disilylstyrene). 7. The nmethod of C aim4, wherein the step

of formng the textuyrizing |ayer conprising depositi .a pol yneric
material conpri ?f%"gj&&g ﬁygﬂg%@ ‘ERS‘PPTEI‘%CI‘%‘EP%S areg; i H’aﬂl-%%f_h@a?r?/ﬂvr?&ymg&%
onto the i Rasdidtd ¥Qohdale p%@q%ﬁﬁ%qﬁ'aﬂ%p&hﬁg %gbugmhi ﬁ'ﬁél%i'vé‘haytepandjiﬁpne and

el ectromagnetic radiation. 8. The nethod of ainms 1, or 3, wherein the
t ext uri zi nglectiicel cantamp mithdhe diffusionduratinvle subsieate.cind alcpninimed 9pO6ad fizmed

PCT/ US03/ 01474 . .The method. of C aim8, rein.the texturizing | ayer
conprises at© @h@?_l?v@atlngd?ﬁﬂ& PAPOSHBPY @p"&’?&e c?ﬁgu‘ﬂ’é’teﬁi‘tg’of Caimo,
wherein the tex%ﬂiﬂiﬁ%@@e)&t@d’ﬁﬁg Easne i3 &%%siﬂhghismma-caﬂ@r@ﬁlg hiy@shrbene of

silver and copper. 11. The nethod of aim9, wherein the step of formng
t he text ur ip2lymegricapeterial oyapthe desylating fayst enchidre gonrdyctive pingdend ¢xpesingthel ont o

the insul atj yer.. . It . 0 ct i I t . first
e s e Bl SRR 18 Ay ERAED GRPLUC A SaREL A
pattern. 13ilicohexyeibiddcatm{d;ai m 11, wherein the step of forming the

conductive |layer over the texturizing |layer conprises depositing a
conducti ve met alf*AVIAE ghlsad dPOoptRs the exturiging layerde cxposeths Gopductivigmbigsi n

the conductive 'f@ﬁﬁ%ﬁ%ﬂ%dcﬁ@éld@te;ﬁ&\%%é t¥tufibin %%Or fo?ﬂnalﬂéilo%e‘r'%éa;%%ﬁ%rr ;4{ ty

The nethod of Caim erelrn e texturizin conpri ses
of two-di mergbdnal structures. 15. A nethod of formng a | ower capacitor
electrode in a container fornmed withi i.nsul ative | ayer overlying a

n .an
substrate in a SHARIBBAIRTGHC G QT heHeVREHRTE ot i sing  the steps of :
formng a text urhhilg ak DPSEr cAYRitoPYlcSERRIVE! 1hY delRYiY [HBEl. C Material over

t he

17. A method of forming a capacitor in a semiconductor device, the semiconductor
device comprising a substrate having a diffusion area formed therein, an insulative layer
overlying the substrate, a conductive plug formed in an opening through the insulative
layer and in electrical contact with the diffusion area in the substrate, and a container
opening formed through the insulating layer to expose a portion of the conductive plug;
the method comprising the steps of:

forming a texturizing layer over the insulating layer and the conductive plug by
depositing a silicon-comprising hydrocarbon polymeric material thereover and exposing
the polymeric material to ultraviolet radiation and ozone, whereby the polymeric material
forms nanostructures comprising a silicon-comprising ceramic;

removing at least a portion of the texturizing layer to expose the conductive plug;

forming a conductive layer over the texturizing layer to form the lower capacitor
electrode;

forming a dielectric layer over the lower electrode; and

forming an upper capacitor electrode over the dielectric layer.

18. A method of forming a lower capacitor electrode in a semiconductor device, the
semiconductor device comprising a substrate, an insulative layer overlying the substrate,
a conductive plug formed within an opening in the insulative layer and in electrical

contact with an active area within the substrate, and an opening formed through the
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insul ative layer, and exposing the polyneric material to ultraviolet

radi ati on and ozone whereby the polyneric material fornms into
nanost r ucwore®exonpri sing a silicon-conprising ceram c; teaa/ysobynesi c

mat eri al conprising a hydrocarbon block and a silicon containing bl ock;
andformngacon uctive | ayer ove fetex ri.zi QJ@SP Amethdof
formng a dBHADESRYEr ANGEXNORING P! the gprauctiy g1 Hbeﬂﬂ ONRES Ve 8¢ tg

WO 03/ 063175% gg;r/ US03/ 01474 providing a substrate conprising a diffusi on
area, an |nsuI ative layer overlying the substrate, a conductive plug forned
in an openi ng t Homigy attérsurizisg layet mprwnmnqumre%wnpmsmm sibioert-act with
the diffusion area in th tra ai n openi ng. for.ne
through { nGOTRCAPREPRE T ayelr s aiedud Tt tsho B RESBiamtdiscbt o8 gref
formng a tteXindilaghgByéandithdyordap@sd }Slh?@hna eSipdsinOihe @ORREdrii Maertiyids ocar bon
polymeric material over the insulating l'ayer and the conductive plug, and

exposi ng t hétravigleligietien aud egong at [ROMUICMPEIANGE & qratdhatlﬂmtraﬁare@z fe to form
nhanost ruct gépﬁﬁ% QRY! ﬁélr?:%m%ns‘?l' o hﬁ% o AR RK daﬁxd%esrll otnta?m%’ bigkat |east

a portion texturi zi expose the con Uctive prug; ’ form ng

a conductive | ayemhonunght lehe atpbmﬁdtfd)fzthélgaxhﬁizﬁfg lagerftoexpdsbehd evneductd@phed;t or
el ectrode; formng a dielectric |ayer over the | ower el ectrode; and
form ng an #Pper capacitor el ectrode over the dielectric layer. 17. A

method of form ftgrnangartaﬁattc%e Lageﬁoé&@tec@g@tt% a8 Yd mthag)ﬁ&%tﬁa@ngyct or

device conprising a Substrate a ditfusi n area ornmed therein, an
i nsul ati ve elayede. overlyi ng the substrate a conductive plug fornmed in an
opening through the insulative layer and in electrical contact with the
diffusion area in the substrate, and a contai ner opening fornmed through

the i nsul atjigng I,@m%thotn)f%ﬂaﬁga@ap&hbf A RhitdRusOPEMGE, R Rininduéibe
nmet hod conprising the steps o formng a texturizing | ayer over the

i nsul at i ng desigecompdsinge selmtrdtes ai sulativg laygr O\Gelpfm th¢ pgpstrate, a conductive
b Com TR iy DGR S R o L
pol ymeri ¢ rtief ardh within the substrate, and a container formed through the insulating layer and
exposing a surface of the conductive plug; the method comprising the steps of:
forming a texturizing layer comprising nanostructures comprising a silicon-
comprising ceramic, the texturizing layer formed by depositing a polymeric material over
the insulating layer and the conductive plug, and exposing the polymeric material to
ultraviolet radiation and ozone at room temperature to form the nanostructures; the
polymeric material comprising a hydrocarbon block and a silicon-containing block;
removing at least a portion of the texturizing layer to expose the conductive plug;
and
forming a conductive layer over the texturizing layer to form the lower capacitor
electrode;
forming a barrier layer to fill the container;
removing the conductive layer from horizontal surfaces of the insulative layer;
removing the barrier layer from the container;
forming a dielectric layer over the lower electrode; and

forming an upper capacitor electrode over the dielectric layer.
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forms nanostructures conprising a silicon-conprising ceramc; renoving at

| east a portion of the texturizing |ayer to expose the conductive plug;
form ng awoas@esirz ve | ayer over the texturizing |ayer to fromosobeldrower
capacitor electrode; formng a dielectric |ayer over the | ower el ectrode;
and form an per. c itor. elec e er.the dielectric.layer. 18. A
net hod of ;}grm r—{g‘gé“elﬂb‘?ﬁg‘?fa(gléﬂﬁsc}idg’ Lﬂ{’ggtorrgéew%]ﬂelg tg%ﬁtf:}?:S %’L‘i@f% Bevi ce,
the sem coagdusing 1aslsﬂd&a)rcs@mpogin@gh@p&rmﬁé flatorialid the sl dIMighONRT
overlying the substrate, ~a conductive plug forned within an opening in the
i nsul at i ve ozenesat regrd ¢mpasaed.ri cal contact with an active area within the
substrate, and an opening forned through the 16 WO 03/063172 PCT/ US03/ 01474
insul ating | ayer and exposing a surface of the conductive plug; the method
conpri si ng2ithe Theapshef of Claimd NY) 18, I EAB W i12] WherkiytRe peloniefit Siangial
nanostructures conprising a silicon- conprising ceramgc, the texturizing

| ayer for msempyisaseifoiblock §gplymsr 9htee tpe Bz %\’%CTG\}B‘? At sepalyiaeniatheng | ayer
and the CORJUELAYEN Bldifand Mt GXRABLAh RENBUBRCha{FLEIbAL 1 O

ultraviol et "radiaton and ozone a oomtenperature to formthe
nanostructures; the polyneric material conprising a hydrocarbon bl ock and
a silicon-cgntai.ni ng bl ock; renovi at | east ortion of .the texturizing
| ayer to e>2§ose thﬁéneég‘?fg%{ql]ia% 4‘&6‘%6“1 }hfijﬁ?f%P‘fﬂraWS“ Yoek, FyBRsey BOVEORBIENGy er
the texturizing layer to formthe | ower capacitor electrode. 19. A nethod
of form ng a capacitor in a sem conductor device, the sem conductor device
conpri si ng 23. subdiemadteod efiClains 3l avharein|thy silicaverthprisigg bloek serbpriseat e, a
conductive g'l ueg%f oi%m‘ﬁ. \glf in an opening in the insulative |ayer and in

el ectrical PROIRELAMGIYIAISXSYII%)ve area within the substrate, and a
container fornmed through the insulating |ayer and exposing a surface of

t he conductive plug; the nethod conprising the steps of: formng a

t ext uri zi n@4 aydhedesthed of Glimahbdor Lbtl8rasd 9cwhereingthe golamsrip megsiial
conpri sing c%%ﬁaﬁ%fgol%ﬁﬁ?étﬁflw&{aﬁ%)ng | ayer forned by depositing a polyneric
I‘msulating Ta

mat eri al over ér and the conductive plug, and exposing
the polyneric material to

25. The method of Claims 15, 16, 17, 18 or 19, wherein the polymeric material
comprises a volume fraction of the hydrocarbon block relative to the silicon-containing

block to form a relief structure.

26. The method of Claims 15, 16, 17, 18 or 19, wherein the polymeric material
comprises a volume fraction of the hydrocarbon block relative to the silicon-containing

block to form a porous structure.

27.  The method of Claims 15, 16, 17, 18 or 19, wherein the step of depositing the

polymeric material comprises a vapor deposition polymerization.

28. The method of Claims 15, 16, 17, 18 or 19, wherein the step of depositing the
polymeric material comprises field enhanced polymerization vapor deposition

polymerization.

29.  The method of Claims 15, 16, 17, 18 or 19, wherein the step of depositing the

polymeric material comprises a spin-on deposition.
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ultraviolet radiation and ozone at roomtenperature to formthe
nanostructures; the polyneric material conprising a hydrocarbon bl ock and
a siliconwoantossinz ng bl ock; renmpbving at | east a portion ofectriesos/ewtari zi ng
| ayer to expose the conductive plug; and form ng a conductive |ayer over
the texturizing layer to formthe | ower capacitor electrode; forming a

barrier |ap8r tdheimethedhel €laimsnl hdf; 17.d8wvil Agwhereindbe sigp of deposisipsthe r om

hori zont al e it [ i ] : ing the barrier |ayer

fromthe cc??l’%llfle%%rrﬁﬁatg lgarﬂréES ﬁlé)hgéstﬁ %%dé\cllﬁlrl% %yqqgic/%fi Elg(gg?&nf he | ower el ectrode;

and form ng an upper capacitor el ectrode over the dielectric layer. 17 WO

03/ 063172 PCT/ USQ3/ 01474 20, The gei hog of Clgi ne %5, 16, 17, 18 or
Wxttirl®Ardg: vagrem ¢

19,
wher ei n t heé Ist ep srmethedphglatmsl ¢ vV S RIS RS BBSNARE t he

pol yneric qﬁﬁﬁgf OsthR@d traviolet light and ozone at roomtenperature.
21. The net hod OQ&EPa?nE fS, 16, 17, 18 or 19, wherein the polyneric

material conprises a triblock copolyner of the type ALBA2, where the "A"

CoPOL YT 1 M WESESF B0 55, 13850 g SOUBL MRl i o

hydr ocar boy k) 8ekeliePéRIchgss pol yi soprene. 23. The nethod of C aim 21
wherein the silicon-conprising block conprises

pol y(pent anet hyl di silyl styrene). 24. The nmethod of Clains 15, 16, 17, 18 or
19, wherei

he -pal yIrer | al i s | v(di methyl st 25,
The mothod %31 G ARetRe SoEng 32 e B TR GE aRRE yESHH R AR B

conpri ses aoMébtiigeofistrattdn@yyafidd he hydrocarbon bl ock relative to the
silicon-containing block to forma relief structure. 26. The method of
Clainms 15, 16, 17, 18 or 19, wherein the polyneric nmaterial conprises a

bl ock to 1 arm a srhiiod ¥CRAR 52 gk RiKe ARl g HmSlopp P Igie1 ™ 16"
or 19, wherein the step of depositing the
35.  The method of Claim 15 or 18, further comprising, after the step of forming the
conductive layer, the steps of:
forming a dielectric layer over the lower electrode; and

forming an upper capacitor electrode over the dielectric layer.

36. The method of Claims 15, 16, 17, 18 or 19, wherein the substrate comprises a
diffusion area, and a conductive plug is formed in an opening through the insulative layer

and in electrical contact with the diffusion area and the lower capacitor electrode.

37. The method of Claims 15, 16, 17, 18 or 19, wherein the capacitor is integrated
into a DRAM cell.

38.  The method of Claims 15, 16, 17 or 18, further comprising, after the step of
forming the conductive layer, the steps of:

forming a barrier layer to fill the container;

removing the conductive layer from horizontal surfaces of the insulative layer;
and

removing the barrier layer from the container.

39.  The method of Claim 38, wherein the barrier layer comprises a resist material.
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polymeric material conprises a vapor deposition polynerization. 28. The

met hod of Cains 15, 16, 17, 18 or 19, wherein the step of depositing the
pol yneri cwoaB®silad conpri ses field enhanced pol yneri zat i orcrapsos/odeposi ti on
pol ymeri zation. 29. The method of Cains 15, 16, 17, 18 or 19, wherein the
step of depositing the polyneric material conprises a spin-on deposition.
18 WO 03/063172 PCT/ US03/01474 30. The nethod of dains 15, 16, 17, 18 or

Langmui 1 B 8ugoreabel SR 35, Wil P RSB e bk R 3537

19, wher ei pifahia W REH EongiribigSsiMfugiciabidtdnd anfoRfdanof por ous structures. 32.
The nethod of Cains 15, 16, 17, 18 or 19, wherein the nanostructures are

inthe formof relief structures. 33. The nethod of C aim 32, wherein the
relief struygtur r 2and
gyroi ds. Qﬁ Thgﬁmqéﬁhﬁﬁ ¢€%ﬁ93§ I%Qﬁggggﬁgfegﬁﬁgﬁﬁé%?ggg%}zéf§% in the
f or m of stnuﬁsmhcaﬁmnmhganaﬁgmm:gﬂv&ﬁajn115 or 18, further conprising,
after the step of form ng the conductive |ayer, the steps of: formng a
dielectric layer over the lower electrode; and formng an upper capacitor
el ectrode oper Ui QlElPL %ﬁ@aﬁn h8Y®hereimGhe HBF o RhMhOhe g)ﬁ’du@ﬁvé-élyer]@ byl7,
18 or 19, wherein the substrate conprises a diffusion area, and
conductlvechbmgalsmﬂumnmdpmn$angopen|ng t hrough the insulative Iayer and
in electrical contact with the diffusion area and the | ower capacitor
el ectrode. 37. The nethod of Cains 15, 16, 17, 18 or 19, wherein the
capaci tor iy i ntRGmAdtEsH off Ofafin 38 RN CRInhprisdiy, aﬁ&&hé@bﬁ@ﬂre@fovﬁﬂﬂh%ar&ﬁr 16,
17 or 18, further conprising, after the step of formng the conductive
| ayer, the l@}tee,ﬁbe BIED OF TSI Viteg laatlyaromd@rfrqr@yépow@Surfacr:s @lﬁge asptating dgyer and
Irermw ng tgﬁe gonra &9‘}6 lx}ger] ayer from horizontal surfaces of the insulative
ayer

44, The method of Claim 43, wherein the step of removing the native oxide is by a

hydrofluoric acid clean.

45, The method of Claims 15, 16, 17, 18 or 19, wherein the texturizing layer

comprises a silicon oxycarbide ceramic.

46. A method of forming a lower capacitor electrode over a substrate in a
semiconductor device, the method comprising the steps of:
forming a texturizing underlayer by:
depositing a conformal layer of a first conductive metal onto the substrate;
depositing one or more conformal layers of a second conductive metal over the
first conductive metal layer; and
annealing the first and second conductive metal layers; and
depositing a layer of a third conductive metal in gas phase onto the texturizing

layer.

47. A method of forming a lower capacitor electrode in a semiconductor device, the
method comprising the steps of:
forming a texturizing underlayer by depositing a layer of a first conductive metal

onto a substrate, and a layer of a second conductive metal over the first conductive metal
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removing the barrier layer fromthe container. 39. The nethod of C aim 38,
wherein the barrier |ayer conprises a resist material. 19 WD 03/063172
PCT/ USO3/ WDddAe314D. The nmet hod of C aim 39, wherein the strep/w3neamoVvi ng
the barrier layer is by a piranha wet etch conprising sulfuric acid and an
oxi dant. 41. The nmethod of Claim 39, wherein the step of renoving the

barri er |a9@ier,|a§ld@9n%@hnme farstandssrond windyctis roetallayes Kofopamperiadic The

nmet hod of g ﬁmm(%? 5%{99515993@59@%@ %Epw ng the conductive layer is by
0

chem cal - ani ca poI d of Caim38, further

conpri si ng, af t eepdsitingsd lapexodf a third comdyctivembpenl in gis phhsey@tto tHehextstigipg of

r enovi ng natl ve oxi de from exposed surfaces of the insulating |ayer and
the conduct®¥¢& | ayer. 44. The method of O aim 43, wherein the step of
removing the native oxide is by a hydrofluoric acid clean. 45. The met hod
of Clainms 15, 16, 17, 18 or 19, wherein the texturizing |ayer conprises a
silicon oxyar biAlmetedafifomidga lewearsapaitonélettordriing cantaowe formag adthiroan

el ectrode ove ubst ra e in sem conduct devi ce, .t he m(ait hod . .

conpr | o1 ng e SeT brehing hethyuattagstnion s AR R AR BERESE ng a
conformal lkRyaep squ a first conductive netal onto the substrate; depositing
one or nore confornal ers of a second conductive netal over the first
conductive met a|dep@]tengaémqr efrimieral gonguethve metplsanta the issdaheg lesnRduct i ve net al

l ayers, and dep%5| ti r% %lagexy (?fr lf;?sec%)ad n(%)h]lhu%“/% %MC(;[HIK\)/ ﬁlerﬁ%t%onlc]uctlgg%l ‘clt]ase

onto the texturi fP?Fd]n ormn capaci
el ectrode ilgyeg sem conduct or device, the nethod conprising the steps of:

form ng a texturizing underlayer by depositing a |ayer of a first
conduct i ve met alann¢hing the Bishand weend %ﬂéume@@fﬂ %Yerét%@é@ﬁde’ééﬂémétlEIWé

metal over cknlﬁrlfsfn@ %tenS&@QHFérH%d %ﬁo%{ructa%s, and
depositing a layer of a third conductive metal in gas phase onto the texturizing
layer, wherein the depositing third conductive layer agglomerates onto the texturizing

layer to form clusters.

49. A method of forming a capacitor in a semiconductor device, comprising the steps
of:
providing a substrate comprising a diffusion area, an insulative layer overlying the
substrate, a conductive plug formed in an opening through the insulative layer and in
electrical contact with the diffusion area in the substrate, and a container opening formed
through the insulating layer to expose a portion of the conductive plug;
forming a texturizing underlayer by:
depositing a conformal layer of a first conductive metal onto the insulative
layer;
depositing a conformal layer of a second conductive metal over the first
conductive metal layer; and
annealing the first and second conductive metal layers to form
metal-comprising surface dislocations over the insulative layer;
depositing a layer of a third conductive metal in gas phase onto the texturizing
layer to form the lower capacitor electrode, wherein the depositing third conductive layer
agglomerates onto the surface dislocations of the texturizing layer to form nanostructures;

forming a dielectric layer over the lower capacitor electrode; and
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WO 03/ 063172 PCT/ US03/ 01474 | ayer; and annealing the first and second
conductive netal layers to forma periodic network of netal -conprising
nanost r ucworesmp3tland depositing a |ayer of a third conduct ipca/uses/ai474 N gas
phase onto the texturizing layer. 48. A nethod of formng a | ower
capacitor electrode in a container formed wthin an,  insulative |ayer
overlying a subdemingap HPRer sepAcHenlgettasie ayeythe dielegtidc R¥¢thod conprising the
steps of: depositing a |ayer of a first conductive nmetal onto the
insulative layer; depositing a |layer of a second conductive netal onto the
first condidoti ves nethald of f@yeng a aspaeadd ing sehécdndngtdr davikes theaanticondoketot | ve
nmetal |ayers to forma texturizing |ayer riodically arrayed

[ conpr.i sin
nanost r uct $FESE CHRBANHRY B SHESIAY, an Ingylativoleyer ¢ flly’di‘gég% Sratser FRILFVE, gas

phase ont o fhefohfXd With# Hbpeh@Yeh the NV 1h18 288 RSP chifabdviRRUCt i Ve
| ayer aggl grrerates onto the texturizing layer to formclusters. 49. A

met hod of factivd arga withmyghe sutstratenaral semitaoerdaumnest thaegh ¢lee inswatng Biergandhe

steps of: providing.a sufhstrate .conprisin i ffusion.area, an insulative
| ayer over F§PY& %%&f@%gﬁ?&f’g,“Cél_vﬁgﬁt%ﬁleir&gﬁﬁéjﬁ(ﬂn?rbﬁl%@eisﬁepgﬂgopeni ng
through the insybgtihy @ tdx@y@iin@istcrRyerdyeolthingal lafe of a Frst Wohductive nibitdif usi on
area in the substrate, and a contai ner opening fornmed through the

i nsul at i ng onteytde insylagixp bayer. anpalayiennfl dsecone censhygtiva metel pyaghe fist ni ng a
texturi zi Qo4 ud ?1(/'6 A% tl%%r,agg Bﬁg Iaﬁi'nngn aﬁrgpzﬂ{dosr gﬁlld éogxggtiv%fmgalfﬂi Fepd }
al vonto the i qayer d 'hg 4 Conforna

. (0]
conductive ‘e insulativ eposi | ayer

of a secondo@®r@duticomprisiag slirfa¢alisibdigiohs 6 theCiandadie lugern@midal | ayer; and
annealing the first and secaond conductive nmetal layers to form )
met al - conpri si ndOERAE CanHCHVHEYET VS thRtertufipiBe gt fosformehe loyver cappsiesi ti ng

Fayer ot Sy B B B 8 e e e g o DT
conduct i ve téxaydzing layer, wherein the depositing third conductive layer agglomerates onto the
texturizing layer to form island clusters on the surface dislocations of the texturizing
layer;
forming a barrier layer to fill the container;
removing the conductive layers from horizontal surfaces of the insulative layer;
removing the barrier layer from the container;

forming a dielectric layer over the lower electrode; and

forming an upper capacitor electrode over the dielectric layer.

51.  The method of Claim 46 or 47, wherein the depositing third conductive layer

agglomerates into clusters onto the texturizing layer.

52. The method of Claim 46, 47, 48, 49 or 50 wherein depositing the third conductive

metal results in a plurality of island clusters formed over the texturizing layer.

53. The method of Claims 46, 47, 48, 49 or 50, wherein the texturizing layer

comprises a strain relief pattern.

54, The method of Claims 46, 47, 48, 49 or 50, wherein the step of depositing the first

conductive metal is by chemical vapor deposition, or physical vapor deposition.
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aggl onerates onto the surface dislocations of the texturizing |ayer to form
nanostructures; formng a dielectric |ayer over the | ower capacitor

el ect r odewoange2t2 WO 03/ 063172 PCT/ US03/ 01474 form ng an POIPESV3/0BPaci t or

el ectrode over the dielectric layer. 50. A nethod of formng a capacitor in
a sem conductor device, the sem conductor device conprising a substrate,
an insul ative layer overlying the substrate, a conductive plug fornmed
within an ogeni NGeidethdlfof Clalha44, U, 48WU0Tor B0Gwhéteidl tRE btep 6Rllcfosifihadle W th an
active area within the substrate, and a container forned through the

i nsul ati ng sle@gndrcoadmtlvemy@shmgy ehesniedl yeporcieppsiton shaparatians opphysicat wporet hod
conpri si ng steps of: formng a texturizing underlayer by formng a

| ayer of a ?OConductlve netal onto the insulative layer, and a | ayer
of a second conductlve metal over the first conductive netal |ayer; and
annealing the first and second conductive netal |ayers to

net al - conpridsi ngdheundthedolfiiaimedt. i4dnds. o er 59h\é!h‘?rﬁ‘§1l}h%§t?98f1if‘é’59(r§’ﬁmg§ﬁd
formng a %9{&?%5113((}&'{%@%5:%1%}5& rlggl%ebﬁﬁﬁtgéé%u?glti'% nBlg 9'6mhter§€cdn(awer

capaci tor tro epositing a uctirve netal in
gas phase &nhdndnhemeth urizing |layer, V\,her ein the dep05| ting third
conductive | ayer agglonerates onto the texturizing layer to formisland
clusters on the surface dislocations of the texturizing layer; formng a

barrier |aygr t@rhfe'rhéthw@f@enh@wav 48, a%v'5ogwr1é}emq9@ﬂyﬂtdo}a@udt@x«a{esalflg om

horizontal surfaces of the insulative layer; renoving the barrier |ayer
fromthe colepedindby ahevapongficn teélmiget ri ¢ | ayer over the | ower el ectrode;
and form ng an upper capacitor electrode over the dielectric |ayer. 51.
The nethod of Cl aim46 or 47, wherein the depositing third conductive |ayer

aggl omer at &3, i NtheGhiRELESCRMHO44,129, 484D Wr iSDI WHerkANRE thifiondi@iveidiglds of
Claim46, 47, 48, 49 or 50 wherein dep05| ting the third conductive netal

resul ts in depesited gaspowst formg byt eypResaléansteeliansd over the texturizing

| ayer. 53. The method of C ains 46, 47, 48, 49 or 50, wherein the
texturizing layer conprises a strain relief pattern. 54. The met hod of
Cainms 46, 37, 4%he Mi@had obOlainid 48,748,140 o8 156 pwhiretheho Sitst caguctiee fetabt

comprises platinum.

60. The method of Claims 46, 47,’48, 49 or 50, wherein the second conductive metal

is selected from the group consisting of silver and copper.

61. The method of Claims 46, 47, 48, 49 or 50, wherein the second and third

conductive metals comprise silver.

62.  The method of Claim 61, wherein the first and second metal layers are annealed to

a temperature of about 800K.
63.  The method of Claim 61, wherein the step of depositing the third conductive metal
comprises depositing the silver in gaseous form by evaporation technique at a temperature

of about 100K to about 130K.

64. The method of Claims 46, 47, 48, 49 or 50, wherein the first conductive metal

comprises platinum, and the second and third conductive metals comprise silver.
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conductive nmetal is by chem cal vapor deposition, or physical vapor
deposition. 22 WO 03/063172 PCT/US03/ 01474 55. The nmethod of C ains 46,
47, 48, 4§oa/068,72 wherein the step of depositing the seceod/wsosductive
metal is by chemnical vapor deposition, evaporation or physical vapor
deposition. 56. The nethod of C ains 46 48, 49 or 50, wherein the step
of depositifig t (ke mehethef Clameras, |4\7/e48m49é>F SQO‘N]EﬁTF@ége fisbeandurtive mewl ral ity

f | Y/ 46,
R e e S e R A N

evaporation technique. 58. The nethod of C ains 46, 47, 48, 49 or 50,
wherein the third conduct]ye. ne ep seous.formb n
evapor at i o0t ecH g‘F ho%@flé/}?ﬁ’és 4@%0@8 618 Clg§1 Ifﬁ‘ﬁtgg%co ‘S‘%Saﬁqféﬁ"b?teéﬁf

wher ei n t h@efddii tﬁem»e%fm@tm@ndu&wmﬁé@e&egk@glo@um 60. The method of
Clains 46, 4 § or 50, wherein the se¢ond conductive netal is

sel ect ed fromttfangng;aphedemnsc blb'clng/eotheslo‘i’vvmapamd)r@tquede agd. The met hod of
Clains 46, 47, 48, .49 or 50, whe ein trae sec n%é nq.t ird conductive
metal s conpri se [&PHHEAD “Blﬁer%“%? RSP SfOVEfti’le %lefﬁ“ &f'ein the first and
second netal layers are annealed to a tenperature of about 800K 63. The
met hod of Claim 61, wherein the step of depositing the third conductive

metal com$?i sedhg epaskod pfiglairmsedos |4[7v‘é3r 4P pr éﬁs‘éb@gmftb? prbistyate ¢amPHSRsidon
tec h ni que %if?%l(%ﬁﬁ?g%%%% lé'\rcgaducftlvg BRllLétIS i‘c%g‘lefll O%f%?&(\ghq {nlqgtl@ s Qnd of

Cl ai ns 46, ri ses

pl ati num andid électsiegaadtaandith tHerdiffasicg meh aﬂ@thmméma@mm ieketrsdd.ver. 23 WO
03/ 063172 PCT/ US03/ 01474 65. The nethod of Cains 46, 47, 48, 49 or 50,
wherein the first conductive net aI is platinum the second conductive

metal is c er, i gugg i t nmet hod
of Cl ains }gp 4{h@2§?tﬁ%ofg¢faggs ’tﬁ%éﬂégr)rfggr\?isl?rﬁgl tﬁ@?@a&tor lgsﬁlteg-mtgdf
into a DRAM cell.

69. The method of Claims 46, 47, 48, 49 or 50, further comprising, after the step of
depositing the third conductive layer, the steps of forming a barrier layer to fill the
container, removing the conductive layers of the lower capacitor electrode from

horizontal surfaces of the insulative layer, and removing the barrier layer from the

container.
70. The method of Claim 69, wherein the barrier layer comprises a resist material.
71.  The method of Claim 70, wherein the step of removing the barrier layer comprises

a wet etch process.

72. The method of Claim 69, wherein the step of removing the conductive layers is by

chemical-mechanical polishing.
73.  The method of Claim 69, further comprising, after the step of removing the barrier

layer, the step of removing native oxide from exposed surfaces of the insulating layer and

the lower capacitor electrode.
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depositing the layer of the third conductive netal, the steps of: formng a
dielectric |layer over the | ower capacitor electrode; and form ng an upper
capaci t orwelwotyiotle over the dielectric layer. 67. The nethadsosoGrai ns 46,
47, 48, 49 or 50, wherein the substrate conprises a diffusion area, and a
conductive,PIug is fornmed in. an openigg throu?h the insulative |ayer and
in electricd cdhedesthod efiClata 7di whersinghe ster af iempvingsthe galye eddmeqnppyises

el ect r ode. { f Clains 46, 47, 48, 49 or 50, wherein the
capaci tor f§%?H¥2§¥§?% ?éﬁo a DRAM cell. 69. The nethod of Cains 46, 47,
48, 49 or 50, further conprising, after the step of depositing the third
conductive,;ayer t he. steps of. formng a barrier layer to fill the

cont ai ner, PennV%ﬁ@mfﬁ@38§HHﬂ%P$ve | ayers of the |ower capacitor el ectrode

from horizont al, |gWef @pasitdf gt@e%ﬁlpﬁgh%sgmfdc%y@raye6 rly ROV REribing barrier
. od o

| ayer fromthe container. The met aim 69, wherein the barrier

| ayer conprliyesthe textgizing lapereqomyirisingian ofgescdratrapool moghuwitureyof subktentédlly t he
step of rengé%ﬁﬁ IQE barrier layer conprises a wet etch process. 72. The
net hod of d 69" wherein the step of renoving the conductive |ayers is

by chemi cal - nrechfdle@at 18t bedtiyige théJowdihapaeioh pritdfand ai m 69, further
conprising, after the step of renoving the barrier |ayer, the step of

renovi ng nati ve 3Xpger §apacHos plbe everlying the diclestriq lgen nsul ati ng | ayer and

the | ower capacitor electrode. 24 WO 03/063172 PCT/ US03/ 01474 74. The

met hod of Claim73, wherein the step of renoving the native oxide conprises
a hydrof | uoti c actcabaclteatomphsind capaci tor, conprising: a | ower capacitor

pl ate conprising a conductiv? | ayer .qverlying.a Iexturizing | ayer; the
texturizing | ay@lo¥EhEPRSHITPIaR COmprIRga SPraLFtive layer ety inga ireyrigng

substanti alihyer, 40t l%gér c%ngjr |Gl Berod] R oR\F sidfh G tubirds WWoing a
capacitor plate; and an upper capacitor plate overlying the dielecftric
| ayer. substantially uniform height;

a dielectric layer overlying the lower capacitor plate; and

an upper capacitor plate overlying the dielectric layer.

77. A capacitor, comprising:

a lower capacitor plate comprising a conductive layer overlying a texturizing
layer; the texturizing layer comprising an ordered array of nanostructures of substantially
uniform dimensions;

a dielectric layer overlying the lower capacitor plate; and

an upper capacitor plate overlying the dielectric layer.

78.  The capacitor of Claims 75, 76 or 77, wherein the texturizing layer comprises a

polymeric material.

79.  The capacitor of Claim 78, wherein the polymeric material comprises a

hydrocarbon block and a silicon-containing block.

80.  The capacitor of Claim 79, wherein the polymeric material comprises

polyisoprene and poly(pentamethyldisilylstyrene).
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76. A capacitor, conprising: a |ower capacitor plate conprising a
conductive | ayer overlying a texturizing layer; the texturizing |ayer
conpri si ngoaspesirodi ¢ network of surface structures havi ngca/ussspsiranti al |y
uni f or m hei ght ; a dielectric layer overlying the | ower capacitor pl ate; and

an upper capacit Iate 0 ! ielectric | A capacitor,
conpri si ngagq B%QEP?@P’ ‘ﬁ? 2?(97(6 rW&‘Frﬁ{j’%} éed‘ﬁ%lfé‘?g \%erlcé’mls verlyi ng
a texturlzkﬁgdwﬁﬁygﬁﬁmhme texturizing | ayer conprising an ordered array of

nanostructures of substantially wuniformdinensions; a dielectric |ayer
overlying the | ower capacitor plate;, and an upper capa0|tor pl ate

overlying the diglectric | 8, |tor 7 77,
wherein t heglat ext Ul C?P‘?’lcnof 8P§Em8(§r?m\rvlhesr§§’ dersg lfrlzma%‘ ercgofn & ral? a§ I%Pt‘}%h
capaci tor an&&ﬁwgh%&ﬂsmhereln t he polynerlc naterlal conprises a

hydr ocarbon bl ock and a silicon-containing block. 80. The capacitor of

Claim79, wherein the polyneric material conprises polyisoprene and

pol y(penta thy'ﬂ{esc'a{%u%}iéf P g22endBige Q%%?ﬁg@érgﬁﬁgf RS timbi, anihne

capaci tor Clalns erein the te er conprises a
conductiveaﬂ&hﬁnnﬁkﬁsﬂﬁnaﬁbemq&pacitor of Claim8l, wherein the texturizing
| ayer conprises at |east two conductive netals. 83. The capacitor of Caim
82, wherein the texturizing layer conprises platinum and at |east one of

si|ver and 840PPEffhe c%ﬂacn-gp 6f @Palﬁﬁ%'lt Q'Bef@fn tt @bfBudhive WHEr QinthrisBea pRRAUGbE Ve
| ayer conprises a plurality of metal 1sland clusters. 85. The capacitor of

Cd ai ns 75, mi@aloslaid ¢lugiest ei n t he texturizing |ayer conprises a plurality
of two-di nmensional structures. 86. A capacitor, conprising:

85. The capacitor of Claims 75, 76 or 77, wherein the texturizing layer comprises a

plurality of two-dimensional structures.

86. A capacitor, comprising:

a lower capacitor plate comprising a conductive layer overlying a texturizing
layer; the texturizing layer comprising nanostructures comprising a silicon-comprising
ceramic;

a dielectric layer overlying the lower capacitor plate; and

an upper capacitor plate overlying the dielectric layer.

87. A capacitor, comprising:

a lower capacitor plate comprising a conductive layer overlying a texturizing
layer; the texturizing layer comprising nanostructures comprising a silicon oxycarbide
ceramic;

a dielectric layer overlying the lower capacitor plate; and

an upper capacitor plate overlying the dielectric layer.

88. A capacitor, comprising:

a lower capacitor plate comprising a conductive layer overlying a texturizing
layer; the texturizing layer comprising nanostructures comprising a polymeric
silicon-comprising ceramic formed by UV irradiation and ozonolysis of a polymeric

material comprising a hydrocarbon block and a silicon-containing block;
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a |l ower capacitor plate conprising a conductive |ayer overlying a
texturizing layer; the texturizing |layer conprising nanostructures

conpri si nyoa3medirron-conprising ceramc; a dielectric | aper/use®oidys ng t he
| ower capacitor plate; and an upper capacitor plate overlying the
dielectric layer.. 87.. A capacjtor onpri si ng: | ower capacitor plate
conprising a coRdigEstiis lqygflgyer ?hﬁ?i(i?]‘ggéaf’%?@ﬂp%’ﬁﬂ | ayer; the
texturizing | ayeh wppsiiapaditd phad8wdrlyitet Hé afel&@idlal & Ng a silicon oxycar bi de
ceramic; a dielectric |layer overlying the | ower capacitor plate; and an
upper capacitor plate overlying the dielectric layer. 88. A capacitor,
COMPri $iNG:go2 | OMEr. CARAELE B!l sRONRLLS! O B SANAURLLYS VLG Ner | Vi ng
a texturizing Ilayer; e texturrzing l'ayér conprisirng RANOStFuCt UT €S
conpri si ng cxygdrbideRedathic.Si | i con-conprising ceramc fornmed by UV irradiation
and ozonolysis of a polyneric material conprising a hydrocarbon bl ock and
a silicon-containing block; 26 WO 03/063172 PCT/ US03/ 01474 a dielectric

| ayer overlgy ng Lepr e, i ] te
overl ying the ai e SapRiF pECRARL b sAACnnBioh B0 AR GARGR! ithe B
wher ei n t hefparesstruateses conprise a silicon oxycarbide ceramc. 90. The
capacitor of Clains 86, 87 or 88, wherein the nanostructures are in the
form of porous structures. 91. The capacitor of C ains 86, 87 or 88,

wher ei n th@lnan%rcH?L&dﬂFo?%f@Ia%k 86,1 470r(88! WheRin the hhRdstBERHG W BShe Rgm The
capacitor of Caim9l, wherein the nanostructures are in the form of

struts. 93fréttef sicagyarcst or of Cl ains 86, 87 or 88, wherein the
nanostructures conprise an ultraviolet irradiated and ozonol yzed pol yneric
mat erial conprising a hydrocarbon block and a silicon-containing block.

94|- The capaci t drheQhp4di@dt BT @BimWhehvakRin the ndRsyiBtg afdin@hé BrmCA¥Ruisses a
Vol une

93.  The capacitor of Claims 86, 87 or 88, wherein the nanostructures comprise an

ultraviolet irradiated and ozonolyzed polymeric material comprising a hydrocarbon block

and a silicon-containing block.

94.  The capacitor of Claim 93, wherein the polymeric material comprises a volume
fraction of the hydrocarbon block relative to the silicon-containing block to form a relief

nanostructure.

95.  The capacitor of Claim 93, wherein the polymeric material comprises a volume
fraction of the hydrocarbon block relative to the silicon-containing block to form a porous

nanostructure.
96. The capacitor of Claim 93, wherein the hydrocarbon block comprises
polyisoprene, and the silicon-comprising block comprises

poly(pentamethyldisilylstyrene).

97.  The capacitor of Claim 93, wherein the polymeric material comprises

poly(dimethylsiloxane).
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fraction of the hydrocarbon block relative to the silicon-containing block
to forma relief nanostructure. 95. The capacitor of Caim93, wherein the
pol yneri cwoas@s3iak conpri ses a volunme fraction of the hydcaossobon7bl ock
relative to the silicon-containing block to forma porous nanostructure.

o0l i Sopr Nl andeCHELRT PR Ry <A, BPUFIR GG Ai5Icbisgayer coRpres °C°

pol y( pent argidavInsitige! yl styrene). 97. The capacitor of Caim 93, wherein the
polynmeric material conprises poly(dinethylsiloxane). 27 WO 03/063172
PCT/ US03/ 01474 98. The capacitor of Clains 86, 87 or 88, wherein the

di el [
di el eot ] ¢ ghay ern RIS PS5 O ER7Ih ! ftre Bne TS SARRGLE OcilacT 21 o

polysiIicomon4£%kséﬂh@ed@pa@ﬂk0m of Clainms 86, 87 or 88, wherein the upper
capacitor electrode conprises a conductive netal. 101. The capacitor of
Clains 86, 87 or 88, wherein the capacitor is integrated into a DRAM cell.

102, A Capapi! e RGBS b\Ghails bOUSTorSBPARLARI LA SOMRG! Sbaltba?

conductive layer overlying a textur|2|ng ayer r|2|ng | ayer
conpr|5|ngcsunﬁmﬁﬁadnﬂhmu&nnﬂmb conprising an anneal ed conductlve met al
and the overlying conductive |ayer conprising clusters of a conductive
netal forned on the surface dislocations of the texturizing |ayer; a

dielectric llo@yerTHé\é%f)Athbf‘Qf CRfnd 97 &%@aﬁrhér‘éfn Bk ek Oﬁacn@ﬂg intédtatéBRRD a
capacitor plate overlying the dielectric | ayer. A capaci tor,

conpri si ng:DRAMoewdk capacitor plate conprising a conductive |ayer overlying
a texturizing layer; the texturizing |ayer conprising a periodic network
of surface dislocations conprising an anneal ed conductive netal overlying

the insul atligge |Qy&facitaeorhpresih@wer
a lower capacitor plate comprising a conductive layer overlying a texturizing
layer; the texturizing layer comprising surface dislocations comprising an annealed
conductive metal, and the overlying conductive layer comprising clusters of a conductive
metal formed on the surface dislocations of the texturizing layer;
a dielectric layer overlying the lower capacitor plate; and

an upper capacitor plate overlying the dielectric layer.

103. A capacitor, comprising:

a lower capacitor plate comprising a conductive layer overlying a texturizing
layer; the texturizing layer comprising a periodic network of surface dislocations
comprising an annealed conductive metal overlying the insulative layer; and the lower
capacitor plate comprising an ordered array of nanostructures formed on the surface
dislocations of the texturizing layer;

a dielectric layer overlying the lower capacitor plate; and

an upper capacitor plate overlying the dielectric layer.

104. A capacitor, comprising:

a lower capacitor plate comprising a conductive layer overlying a texturizing
layer; the texturizing layer comprising an annealed layer of a first and second conductive
metal comprising surface dislocations, and the conductive layer comprising agglomerated

island clusters of a conductive metal on the surface dislocations of the texturizing layer;
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capacitor plate conprising an ordered array of nanostructures forned on the
surface dislocations of the texturizing |layer; a dielectric |ayer

over | yi ngwols/oboer capacitor plate; and an upper capaci troT/ysoabet74
overlying the dielectric layer. 104. A capacitor, conprising: a |ower

capacitor plate c ri.s ducti|ve | ayer ove ing a texturizing

| ayer; the text &rqo‘gpﬁﬂcilaé'gé?veé t?’%h%er& Hﬂ%%lla{‘fdgﬁl yer of a first and
second conduct i \g upp&t@ba&RiPlatsSovedlymiglth@rledired lagat i ons, and the
conductive |l ayer conprising agglonmerated island clusters of a conductive

metal on the surface dislocations of the texturizing |layer; 28 WO

03/ 063172 RET/ USRILATE: o] 5L 105 ol AP GIRISH L B bR BRPLocARRE o

pl at e; and or over er

The capaC|hQnapﬁeﬁ}Epm@nﬂ02, 103 or 104, mhereln the texturizing |ayer
conprises a strain relief pattern. 106. The capacitor of Clains 102, 103
or 104, wherein the texturi zing Iayer conprises a trigonal dislocation

networ k conggi sipg #M{@%c *é“a? oMb} gﬁgdﬁ%vchgile%hemuﬁaﬁg@a Pto dﬁélsgsa' m

106, wherein the overlying conductive rrses one-i l'ust er
within a S|angg@1audlslocaed>ﬂ n@ﬁvotﬁk&n@br&lr@@ﬁ;blumint)nefum:réells.’LOB The capaci tor of
Clains 102, 103 or 104, wherein the texturizing |ayer conprises an
anneal ed | ayer of a first and second conductive netal, the first conductive

metal ' seliggt e@thfe Qaachtaﬁogmﬁmgerm&&h@& &Jerm@gtdoﬂa&m@n%e} BSmpA&RNd
conductive metal I's selected fromthe group consisting of silver, and

copper. 109ne THherdodysaeri within efsin@leaaniscellad thel dislooationOttwewker e| n the
texturizing |ayer conprises an annealed |ayer of platinumand silver, and
the overlying conductive |ayer conprises silver. 110. The capacitor of

G aims 102,10803 0k cAfsbitoNDECRIMSs 1O 108%F U4, ZiHeeeih BWaEXtGARRE 1586 corBprises
anneal ed | ayer ofcﬂlatlnunland copper, and ‘the over|l i ng conductive |ayer

conpri ses ap@bagale ﬂq_r of iH s@@§§9¢qnéﬂoa¢ucgvanmala®9 rstggn@ctiypmetahher ej n
the upper %918&%5 9 & %&&lp c%%ggtrullgs gPplﬁmql?rR%qd ﬂ&)e %%JHH &MNductive metal is

selected from the group consisting of silver, and copper.

109. The capacitor of Claims 102, 103 or 104, wherein the texturizing layer comprises
an annealed layer of platinum and silver, and the overlying conductive layer comprises

silver.
110. The capacitor of Claims 102, 103 or 104, wherein the texturizing layer comprises
an annealed layer of platinum and copper, and the overlying conductive layer comprises

cobalt.

111.  The capacitor of Claims 102, 103 or 104, wherein the upper capacitor plate

comprises a doped polysilicon.

112.  The capacitor of Claims 102, 103 or 104, wherein the upper capacitor plate

comprises a conductive metal.

113.  The capacitor of Claims 102, 103 or 104, wherein the capacitor is integrated into a
DRAM cell.
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112. The capacitor of Clains 102, 103 or 104, wherein the upper capacitor
plate conprises a conductive netal. 113. The capacitor of Cains 102, 103
or 104, wwerosionstrhe capacitor is integrated into a DRAM meiluso2914AD

03/ 063172 PCT/U803/01474 114. The capacitor of Cains 102, 103 or 104,

Second condbér | vdesavanor SepRENE, 4B 5t A BRETR I e foebrpbbdies "

gaseous de@ﬁ%hﬁea‘l’efd Bydrivfadiraand yedondeoi@ictive mkld; anliiBe 6@dBeEhd &ndattivd ai m
104, wherein the conductive Iayer conpri ses a_gaseous deposit of a third

conduct i ve laysr spmpiases grassaone deppgitohethiréerndyptivramelist ers. 116, A

sem conductor circuit, conprising a capacitor according to Clainms 75, 76 or
77. 117. A seni conduct or circuit, conprising a capacitor according to

Cl ai ns 86, 183. OIThS&apaciiﬂ;BOf @Aage 104,0mlctureihalie aindactive, laysd Rpmipsisesth gase@paci t or
according to G aims 102, 103 or 84 119, Th senlcogductor circuit of

d ai m 117, dapesiteafia thisd condustive metaliieform dhe ‘H@‘F‘Pﬁ?él‘ and\elysteisk, and t he

overlying conductive | ayer conprises an ordered array of i sland cl usters.
120. The sem conductor circuit of Claim 117, wherein the conductive |ayer
of the | odéb. capsaniconduetoecircidat eompnpng sespatipe accanbngtrolkiss 75,c6mr 77.
pseudo-crystalline silicon, or polycrystalline silicon. 121. The

sem conductor circuit of Claim 117, wherein the conductive |ayer of the

| over capaqiiyor £L&richRiRFIFBIL, %%pﬁs&gra%l ééit\sea&ekﬁhg tol@RiméWe i gt HPRat ed
circuit, conprising: an array of menory cells; internal C|rCU|try, and at

| east one capaC|tor accordlng to dains 75, 76 or 77, belng formed in a
cont ai ner qqg el ectri

seni conducti Ve §hﬂ??¥3?%cgﬁfugﬁ Cﬂgﬁgﬁngggﬁngp}&%og &%glnm egrgged

circuit, cempod4sing: an array of nenory cells; |nternal circuitry; and

119. The semiconductor circuit of Claim 117, wherein the nanostructures form a periodic

network, and the overlying conductive layer comprises an ordered array of island clusters.

120. The semiconductor circuit of Claim 117, wherein the conductive layer of the
lower capacitor electrode comprises doped amorphous silicon, pseudo-crystalline silicon,

or polycrystalline silicon.

121.  The semiconductor circuit of Claim 117, wherein the conductive layer of the

lower capacitor electrode comprises a conductive metal.

122.  An integrated circuit, comprising:

an array of memory cells;

internal circuitry; and

at least one capacitor according to Claims 75, 76 or 77, being formed in a
container and in electrical contact with an active area within a semiconductive substrate

of the memory cell array.

123.  An integrated circuit, comprising;:
an array of memory cells;

internal circuitry; and
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30 WD 03/063172 PCT/ US03/ 01474 at |east one capacitor according to C ains
86, 87 or 88, being forned in a container and in electrical contact with an
active arwe osiottirn a sem conductive substrate of the nmenecy/usebbisasray.
124. An integrated circuit, conprising: an array of nenory cells;

internal circuitry; and at | east one capacit cc in 0 ains 102, 103
or 204 bei ng. 1 df et PR capeciBhicapUTE Gadars S 820F PR ioiEd B th an
active areqoNhink} hPinSeBusNdbihdt WEthsdhbstivehRa vathid R SeiRBRINti6E€sdbsathteay . 31

of the memory cell array.

124.  An integrated circuit, comprising:

an array of memory cells;

internal circuitry; and

at least one capacitor according to Claims 102, 103 or 104, being formed in a
container and in electrical contact with an active area within a semiconductive substrate

of the memory cell array.
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