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Several techniques 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 F1G. 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
(BPSQ) 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 diffuston region 20 between
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j 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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a capamtor can uscﬁ:lly 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 the; texturizing underiayer, 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 res:ﬂting 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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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 ejther 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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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 1o 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.
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will be dest?i ragtheyembodimeny ol methadef he &yention.o t he drawi ngs for the

purpose of ill ustr ggRGLERDEN@asTiON DF 1eIE Bt Hoch FMEcDIMENTSN
not for pur poses o Imti ng ures |1 ustrate

. .ng the, sane, e fI, ]
processi ng steps forhgjReniigyil 3@3313'?’?‘&%"81?'6‘??"8&1’1%“%‘@&? the fgniogsipr the
devijp?as | N accopufhasos ilitstidfing the plascatRefemrdd@MBitinh . onlyland K Wdr gurbéses of
readily appare

t th t he nrocessi teps .are only a porti.on of_ the
entire fabri cagf%'ﬁ“ggf’%ségg‘sfhe gures "llflﬁmfeﬁé EePs g‘?ﬁsr&’éﬁfﬂ’? ﬂjﬁlﬁftbﬂf‘f’,m? e
terns "sem tHndanicondactwaedteshin agerdants witlr the preskg invesitiag.nh siculdde réadif er "
wi || be understood an a nst |.on. LSl sem conduct or
mater i al i not g Bt SRS AL A SRS LR Ein SRRRLT P
such 20 as a seni cohdbemoentaplicatiop.dbe thrns "senisomductive iwafen fagareht” joe'wafer
conpri si ng ot hegaeBlesinaherm WifbEMALsto®NY mefthe BRAHL NG mPRERS | 8
| ayers (either alone or in assemblies conprisi ng ot her nmaterials).
The ter m " subst$aicardupterrpatagial, inchidipe byt sprdimitedig bulk serpieanductiveapteripisfch
but not i e%saeemiedﬁ&;o'&@maﬁp@mmw@rm@mbmdsa&mmg offer niidrials S
descri bed above, A first enbodi nent 'éf a EELhOd acgor |n% to the
invention is de‘%‘?"i"bé‘ﬂf SFRteRndBEvE SyalsrialiRyers {YheE pleRe oranasi bR ERAmPESNg n 4
met hod of f or mi giiger MmateGudddr Tie i@t "subeRatd"Refers DapRippatingtruaurDRAMIASE blt.

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 2
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 monoerystalline silicon,
wordlines 14', 16', and a diffusion region (active area) 20" formed in the subsirate 12'

between the wordlines, the diffusion region being in the form of a source/drain region. A
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Referring to FIG 2A, a wafer fragnent 10' is shown at a prelimnary
processing step in the formation of a capacitor. The wafer fragnment
10" in progress can conprise a sem conductor wafer substrate or the
waf er along with various process |ayers formed 30 thereon, including
one or nore sem conductor |ayers or other formations, and active or
oper abl e porti @@esssieen conduct or devi ces. The wapefuéhegment
10" conpri ses a substrate 12' such as monocrystalline silicon,
wordl i nes 14 and a diffusion region actlve area) 20" forned
' the substr atleers? oﬁ%t%gﬁmm@ﬂ%wtg%@a Firldaters Sepesiehotert? on
82} 8%33 gztp ?;% L cmmrafel gzﬁ@m 6rdhHea [ A, megt;mrgzﬁom)émmg doped polycrystalline, has
aye er
Cnulat i ve ot PPLTPHE RS orrans Uehln Gai RS 52t PLAEES ol ¢ e
wor dl i nes 14 b]sﬁr}een the ppbigto2sY” azﬂﬂmﬂrfﬁmnmgzgﬂmmmmrygmrygstmdtdrm bdas
been deposit Il h | Aty S
an eI-ectric egb?ui) I{\%glggr]t é(ﬂ(li:igé{%mé“%dg‘gﬁ% ﬁam%y lﬂ‘:Isllln 28
regi on 20'. Thewrﬂmrb’gdhﬂg asdablmomrpesmmahhme&l @ovmmabyeldmdtmmﬁn onaI
met hods known ' ntai ner or opening 26" with
SRRy 2 (o NpBh e ol 54 hvent |

si dewal | s 36’ tom port has been conventionally

etched into the i nsdmdiﬂgéoW@Bﬂiﬂﬁh@%ﬁmﬂ@h‘élﬂmwwﬂmc

According to tmaﬁosﬁﬁmgéh AR Eonspising & lﬂﬁtabect,hctmxsarméteaﬁﬁ@ﬂetonﬁemm c
nanostructured filnms conpri s“p_etg an insulative silicon ox%car

ceramic, ar&0f dF’?%’B’“&éayaf 3Bopverthe inpilativelgyer 43 depipted (RAING. ERdo inFrstie Q’Pl ve
| ayer 22', as dgficehblof the fubdeyuerd; dep@itedtorRBHR IdyR10S BhflaGactaesae Of

(e subeeuen | SRRk R U Lot B BT i S0

(1999), and Phedyi;, BabiMureet126):125Ad261 (M0 . 12(17) 1257 1261 (2000)

Th t t dt

vari ed acoor di ng. 15 FONPRES et imsErry Sk S hEeBRead st TS e g
processi ng par aoth eelsmedranataials, congshtoajiont andprbcessiigparamtters ﬂmuarwm;ﬂoyngm
ayer. More Palbifil B eduridifllafeR Nbe bhdifinl, %quéxnﬁl%ngﬁgggor of g1 neer ed

to provide differ nanost ructures ores

or relief struchgipeeseddepmvidediferentpanostpsties asdesitadrinihe fHrn ef pores pyrelief

varying, for exgiithes suth& sie@l, %ﬁ%ﬂisﬁﬁbﬁ‘g dtlﬁzl's; bﬁﬂ%lr&oﬁpéﬂﬂ‘ﬁl'& the polymer
concentrations, and the }{%iar aneters used for curi ngged (Muepom ted 20

pol ymeri ¢ | ayermaiqna! YT coneqnirshons, ad thapagameters Gepesited
ar eals can ;)eo ?)Q‘Ioﬁlrdkﬁdlaw maardyhmga‘tahge df@breﬁludsaﬁd w@ﬁeaﬁéanﬁ:bebtamed by
copol yners/ po yrre mat er res i texturjzin I
conprises a hig 8}‘"’ %tﬂtggf‘P %’%"éﬂ%‘?ﬂar’t 7 ﬂagt’ ﬁg’ﬁ"’ﬁni form
hei ght and crostaehdizrm@emmpnd@s ae]fuglr@bhty of hdnestmergred genﬂglyMﬁng;iuniﬁ)hmres
are highly or dql ﬁt and E;stadugg P? lfér% eg'ers] s gtt'lo@t?u&%}re% fe hi&?y-ror}gered
pol ymeric mat er' & ses ash rocC &K a
si licon-contai mlﬂgl}bh@ﬁbmtylmﬂueeimm@sof a poI yneric material for
form ng theshanost W’ﬁérﬁ:?ﬁ&ﬁfna&x@c&ﬁ%éﬁpﬂrﬁ&bb%ﬁ& na sxﬁ&%ﬂtﬁﬁﬁg

ock copo

silicon- contalnlngtrl yners o
block. An example of a polymeéric 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 biock 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,



where the "A" copolynmer is a hydrocarbon bl ock such as polyi soprene,
and the "B" copolyner is a silicon-containing block such as

pol y( pent anet hyl di silyl styrene) 30 (pol y(PMDSS)). Such polyneric
material is described in the aforenentioned article by Chan et al.
(1999). O her useful polyneric materials include

pol.y(di met hyl sifoge¥aBse), as described in the article by PhetusoBelarsn et
al. (2000), and paryl enes such as parylene-N (PA-N) and PA-F,

pol ytetrafl uoroet hyl ene (Tefl on), and pol ynapt hal ene. m%\D

03/ 063172PCT/ US03/ 0 Taepgxtirizing laygrecan bafabyopt ﬁ@“‘l’%ﬁeﬁ’m‘é;ﬁ’ﬁ &f sprugipers o3t ed
as either a porm e VoRimediactfoh bEth¢ hifdencarbyh BIGok Yélatiye foltke silitbmEdtaining

f t f th k I td to, t

bl ock i the biURE ‘%‘8%@?%" BREBRESE oty Bheb 08Bt e "
(kg/ mol ) tri bl okyneo{ABR) ccénﬁio&ﬁcﬂﬂcanbmse@mfomdoalﬂe feoid swephdlogyf @f m a

doubl e gyroi E' “EPFBE‘N 2 ocﬁ’{ag - Ba%dr °C§)|' R0 °Ckﬁt{&?&,mcm%’onbémm%%'io%ﬂse)

networ ks in X0 ning bl oC
pol y(PNDSS) ), k. paliEBHipS8)ahd subsemesitly enrddde form amanvpprouscirecthse. rBcwar .

By way of co
composi £ on canpgaiond eI cbenoAlotIobmt (49 88 bkl ki bl
of silicon- contfémwgvetﬂ-‘-é@qble(gﬁfogl morphelogy mgycmmrh@k (&g.a matrix

of hydrocarbon Qiempés n&workpﬁlama&%fﬁﬁﬁawbmbls& (egnpolﬁsogﬁnéaome{éaﬁd
into a nanorelief 'structure: formthe texturizing |ayer 38

the pol yner i@ n@t"é‘del‘i“‘%aa@Bﬁg‘ifﬁ‘éﬁ%to the insulative layer 22
i ncluding the sidewgb fo%n&ﬁtex&ﬁmh%ﬁy&gﬂttﬂéﬁﬂaﬁmaﬁmateﬁﬂ% dé}j&ftedtdﬂ&)tﬁé ug

cnown  and” usd PRETR P2 isbaRa oV R 56 oL RE o P et Do

pol ymeri zat i on Thepblymeric mﬂa}mbemepasﬂedsby caﬁveﬂfﬁonhlaﬁbgnus knoBh adig.eédm the
(L-B) technique, .Th olyneri.c X outrav et
(W radi ati on ey (aay it fopiifep nofeBBaT Cop) § s Beesds o
nanost r uct ul®es Languif-BiodgettlfleB) teotiiqpe. Z¥he golymyrerlay@8is thely expagpd taultrdvildt or m

of struts in tml'adﬂﬁ(;nraﬂ& ggn @J)Og'svgﬂ%egeﬂf%rg% $'NANos cteulreQ 35 rm the

met hod, the ric materi a osSit onto I nsul ati1 ve

| ayer 22' by vapdwizingiryst 38 bingiothy fasmiof msomthe\kbw;ated&@b@@n%mlﬁo?ml |y
known and used in tRenéhedbd, the E‘Sl%’ﬂéﬁc\fnatélapéﬁﬁ‘ﬂ@&bbﬁ&ﬁdnto HORsEANe ﬁ?er

performed by heating a source fmaterial or precursor to vaporize
nol ecul es, decorfpsiapRy deReaitiorpslymerization Wér‘i‘éf’%ﬂ"ﬁ?“’w}‘ B‘F’%‘laé 'éFPdHHh"

el evated teppera %eﬂy,aeawmml VDBdﬁﬂﬁlp&@orﬁ&ﬂ}mht}fﬁ'ﬁ&blﬁtdt@t&ﬁﬂ)r
nmononers on a substrate in ition chamber. For exanple, a .
5% Badpysi

paryl ene- N ( PA-TFURP iy @ETee ol feeampRyng s VERPT HeRene
di - p-xylyl ene (ddngéviated empératne, aidiﬂ:emnﬂmeardrpDMe%gtﬂMnmmmhes

deconposi ng the é“?'%é“ac?g“ tgorhongers Qrex npo?’re% a;;}\ &?Fﬂg’cragure of

about 650 C., oSl f toa s on
substrate at r crlxmstteihyéﬂd’t hyrheahal dO\aiet @w-nd@pm id‘lmo’htomhque 19 Calooeporize

50-70 angst %5) 1%51 l&h&m?& dé%em-gﬁcfr énet% monomeér?gggﬁx at'd t&ﬁBeﬁaﬂHe & so

be deposite vapo ositio meri zat'li on
(FEVDP), as des@pwt@élﬁc,faasi ﬂi@%&mﬂb@s the gnoppreets quig BsiliconpybstRtePoR95 30

(McDonal d et al e w&ﬁ@aﬂ'aﬁ&& &b%bb’itﬁm@ﬁtc Qmabé'd? 56-30 AnBGRIMB BEMifAfe R¥0 mTorr,

reference herein. In a iC eld is used to enhance
the rate of vapor dérPBB’F‘F‘i @W cﬁtﬂ]s;?r?éfli‘l’?éﬁeflahﬁﬂﬂ enhange] VARRR-depQsitigR ont o a
fsubst rate. f Br [ eﬁdl)b‘nmidﬁen FuoDby, aidasdnslecmFa&F.bﬁptnm aam@mezng ce to
orm one o e odes, of, ar .el. ate c citor, and.the
Lot tor o1 3b ) afkogead 8 85 e fidhan alu s Redtrn B e hetBn
pressure and t emmmwemrfeldrmism ta ientmnlcealie rat¥\6¥ vapor deposition polymerization of
03/063172PCT/ US:Q ]?’oﬁygnle?'ﬁﬁl 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 ina

vacuurn chamber where parameters such as pressure and temperature are maintained at
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predeterm ned | evel s. Gaseous nononers of the desired polyner filmto
be deposited, are supplied to the chanber and permtted to flow

bet ween the el ectrodes or plates of the capacitor. Exanples of such
pol ymers useful in the invention include paryl enes such as PA-N and
PA-F, Teflon (i.e., polytetrafluoroethylene), and pol ynapt hal ene.
Sufficient 5 vwboags7ts applied to the el ectrodes to genermtsesasr
electric field therebetween that serves to polarize the nononers

wi t hout breaking thei.r chem cal bonds, and the pol arized one
react to form ﬁSVW%ﬁd??vgf'rﬁg?fﬁoufﬁlgn%eﬁé’? g’eﬁlﬁs' #ye"?%%@htﬂ%ggq’f’% ed
t 0 enhance t hi claspgdieditoithehambiey ardpemmittpdtdiiiovdespyasn the electrolles oaplatexefig e
of deposition g - pol fi : ; . i bl

condi.ti ons of acfa%agjlt@- EX %‘?Pﬁ%‘@‘ P‘%’KE %/'RF?I]I lﬁﬁgﬁgﬂg}{éﬂ?ﬁ?‘g@#}é&%‘g 'El"sr) Re
are as fol | ows:P/alowt PA-POTlBOEe., pldemrlaueetiyieny) cand pelyeapthalbas, SulSSOQ.
reaction t enperiulss oAl e oot et anl SEREEAN Weftbordl st les o

mlorr deposition pres , C m nutes deposition tine, an
field strength relarigethomongmerswithat brgakingdheirshengical ponds, andihpepiarieesk . The

electric field heoRRRlh@th HACNpdIIR: GRAGNRE watAThSwiflls LAGL FRRA th T S
pressure beyond fhe base prgssur .. 15The polymeric material can al so

be deposited byabnesthicknsss splormHy grsve sderrepitios sol ution of the
polymeric material inSmegintpteQd ddpOatichvf O pdlyifer il b PEVIVE exeipRiy d&gositiesii NY
el i e S R PR L D e
parameters for 1Rbe560] precaRRordameahiré, asout 650 ekaction verdpertatuteDibaiiti261C. Of
about 500 rpmto 000 t n | ytiop 20 conqrising about 4 to
Sbout & vel oht -SeBHF prerRte oD mitor fmefRerristipe mt Y lp s tpsiien
é ol uene gr c_hI aingf admfield spengﬂihéo-p@ﬂ \y!m_anjsing apdrallel plhte capicitan. Sthe aectric
eposited usin . |
process in whi %ﬁtiﬁ%g%%ﬂ%é&?g%%%{o%%cgeq.%ﬁs%g%shgﬁ e%oﬁ@%%k%sf g‘%ssufe‘
surface andliransf eThegdlymsriemftiraheap atsobe depositedrbly acpinofh techique wherktatd ng
llayer using a V@hliddiithe polyhbi &l iVGhDQ%N0RS GPhsiiftfe WHL95: ukiSe

submerged and then raised through the air/water interface. - After
deposi tion, theopsrYataeqwpneot spdiPrgesping stepsi Imsnchap aeplisatipn.a fisestandingo a
flowi ng ozone ajosmpRRESa6itol A%01d BE@ndthubied Hxerhfliry phMherdrs BPthe bas-64 er abl y
254 nnm) at roo%{’oenpera]h re ffor a. Ssuj ablgqti nme riod, for exanple,
about 60 to abdl§Posyn BFiN{RAEater siatien BDa a0G rgmde,3.8% rapAn § SUPP r onnent
(ozone and 2V |dombdising@bou# toibing 6 Weizhieta plymérthiktdrial ih Bn dridhicsolvent tick as
removal of the t&}{g}goc& bq.nmbl ock portions and the conversion of the
silicon-containing Bl 0ck t0 silicon oxycarbide ceramc
nanostructures, resUiepolyperiemattral ¢agrlseibd deposged uaipg b c@Béntioghb Langmuir-

il Tustrated in gilden 3By alddBudeDiells ifhileh hANeHimekiS mbt@ridt ASudr 9l &f 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  E=xposure 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 silicor oxycarbide ceramic nanostructures, resulting in the

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



WO 03/ 063172PCT/ US03/ 01474 struts. The relative volune fraction of

t he hydrocarbon block to the silicon-containing block can alter

whet her a nanoporous or nanorelief 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" overlying the
plug 24" in or¥epsHa: the 5 subsequently deposited cond®@ETUWe ORI m
isin electrical contact with the plug 24'. This ensures a conductive
path fromthe dj i i t he
rug 24 and Ch o SRR, iyl o5 auRSh L b ikl R
texturizi ng | ayack garalteravhether anapaporews, or penorcliststpttere redgltsa punch et ch
using a conventionahg %Mnﬁiﬁ&.ﬁ,@%@ﬁ@n Stk In@htife £ RATAIRMS et RNs Rinfoled
(RIE) or sputter etch, which would renmove naterial from'the 10

hori zontal sur flaeles theibagam3f pfghe cqaaing 26 oeriyme th plvars' ip erder tht dhet he
horizontal vef ehbssjtedtBCRpodfed coddaaivk Abin is fifeldc@ichiLboRElt bith e REBA'NTRY ON
the cell sidewalls 36'. . ferring nowto_F| G11 Zé;)n’ a_conductive
| ayer 40" is d@ﬁwgﬁseéﬂldeﬁwmﬂﬁw e gifffdon eon Al Brthepbatraieig, through the
tgxt urizi n? | ayphig 23’8&'mdadﬂﬁe amteqmﬂglagmﬂe@'l?wda efegi‘cﬂh 31\€Iﬂeﬁb5ﬁfriziﬁk Rgémede
42' . Exenplary conducti mat erial s inc e. doped anor.nho

pol ycrystal | i né™® '%ﬁ{&”?)vseéu SXATRLE, E¥ §ePY fftil:i"n m§ialc?’8’8'ﬂ’,°“% a&igﬁ’ﬁﬁﬁﬁ%e
metal such as tasngsétivajonptchtRIBLomspttkitetuh] witivh waildvembeermatdsial fronr thedi um
(Rh), tantalym,(T s her. | | A of

bei ng pol y5|l [ chéﬁ%l}“ﬁl st%ﬁgw?}‘f&ﬁ'g?% ghtlégcgﬂéﬁgg [ %%@gn%éeh%ﬁgoﬁkﬂﬁt%\%ﬁ“e
material can be9dlsping thetgxtursd il remriniegien theeel! sidewdllsd€, such as

chem cal vapor depopidiflndetYRiG. 2] 2 BT Abycl 30 scflERARbIMARIY G-
sputtering) for a con uctive netal . The texture of e conductive
layer 20 40' i shepafspxrit gxrusaing LusPE aphentaplupdshtotfpre tie lowerelspteoda A2
topography of teggnpMRg s mhedidihdniie Ape @M@r‘bhmﬁrp%fyl@t?rﬁm%; anltihsﬁ‘eudo-

conductive | ayer 40Q' has a texture thﬁt has ag%enera y.requl ar
611

pat t er n and!UniPeRHnnEhegRor pemdpgtiveetsl sughyagfungsgen, platipypifiigniym, phenipp

is prefer ﬁbl yI @gpmb%iﬁﬂ (R0, thritdhm {ThE azﬁniﬂil efllikelemehits a:;d' Ao tBkedof, being
prevent the sluryy..of .a.s eguen ol j shing .ste rom passin 5
Phto the col | SRRy Sg ERRA EtesBinl e hedeiEmal e epped
barrier |ayer Adingcnmgtiombmethods,sa¢hsis chemiical vapdr, degsitibn (3/I8, an phyaicalkvapor
pol ynmer resin. s Ny - < 1S
then planari zecf € Sl“?%g%dggg%gg?%\gg +‘g§é?ﬁ%‘5’[m+ %’%ﬁ?ﬁ’g‘ﬁ“'@%&?"&r
surfaces 3920 of4Otingen¢raly redidtable based aponip stru@ue ndsbragaphy fttic yndedaing be
acconpl i shed et AERlE: PRYCRRUABIKIDR or 40 Bl £iBhibBENAN Gl

pol i shing (CWMP) process. ) e barrier Tayer (e.g., resist)

t hen renoved f regwas paltemgpd wiifi@r hei@dt: using a conventional process,
resulting in the | oNgémif) ©FEGAWSa Barier PR ik prefetably d&fasitelifo MKGEP! ary
resi st renoval ro,ce?g, for. non-netal lic {%& |1 con%ag,am to
constructions 8PP AR RGERPregrnt e BT ARy rdestaphs

ing g FRLRSERE |
a solution 28 dntb the kélCopasihgang tdnPiairhting the cell. An exemplary barrier layer 44/
compn‘sm‘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,S04)
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WO 03/ 063172PCT/ US03/ 01474 and an oxi dant such as hydrogen peroxide
(11202). For netal capacitor constructions, organic solvents such as
ST22 and ST26 (ATM, Inc., Danbury, CT) and ALEG 820 (Malli nci crodt
Baker, NJ) can be used for resist stripping. Subsequent process steps
are perforned using techni ques well known to one 5 skilled in the
art. The waf erwbrnagaeat 10' is subjected to a hydrof| uor pcrresssmiafsHF)
clean to renmpve native oxide that may have formed over the |ower

(bottom electr ?m%dmt&%u?ﬁ%hﬁmﬁ%(gﬁgr}%}Hgaltc\%&?ac%@t:&rs lRo@n HF

solution or by vapor trea to con Ironal nethods
known in the arwganRedlwentsspch as §TF and SPAUATMLtInG. Daohusy, £37 aidAUEGAP 48

is conformally @gﬁgﬁ&ﬁgﬂww&/&ngeg@d fonéQRsé;Bﬁ:ﬂéce of the | ower

el ect.rode 42 i cal For silicon capacitors, the
dielectric | ayer 485“'RRP‘1“PD‘ PIPRASTHIPE ?ee@f?ﬁﬁm@nsrephnwﬁ ‘Yﬂ“t‘ﬁﬂP‘ﬂ'emea 3N4) .

For netal capacddied futhddn. THENTAFaymélit 8 BGhdjdcked ltéhwgﬁroﬂgonc'a&d @) cRbA

pent oxi de (Ta205). A conductive material iS_the osited over the
dielectric | aye‘Fmﬂ‘f?na‘E‘f'i oxigy thatewax h’f“f?ﬁ""("ﬁ?)?)"é? the P&H&?@B‘P elpfigflgd2’, for

el ectrode 50 azhaplé,cbp nﬁlhﬁ‘ﬁﬁg’tﬁdﬁaf'éﬂn arC PSR 6r b3 HFOA Gedtvient Bdoftlingd|
such as doped 15 8§SI N dg d?‘h &nducti ve nmetal. The conductive
material can be® 5‘8’}3 Pl BeBels KPP Ba%t ri ¢ | ayer 48" by conventi onal
met hods, such as CVRefewing pIBIC 21 la thimgielectiidpes 48 Isoonf¢rmally depasfited dvertherg)
for a metal .plate

Referring no(\ff)v t'e" gﬁﬁwg %Z&tlﬁ&& efeEt%g%ﬁ?a scgﬁc%?fdé enb%%"ﬁcontca%afmm thet hod
of the inventi ohel¢cricdescdd 'bréldymatlhcqr@hménwume (SaNyi For meetd] capexitors,

el ectrode 42" ip. W&a& 015523 48' ? Bﬁ.ﬁrﬁ{] Qig (tIQzO':)' %oﬁﬁch@ﬂ%ﬁﬂs

fragment 10", sim
prelimnary pr db@s@l’%tjed%@';ﬁhe dﬁ\@“’\ﬁéﬂy@ ’ftP &gnmoﬂmpeamwtoségtea

substrate 12", em&sﬁelsne&he% eleoyéaesoaco%ﬁsfﬁmmmﬁ%%a?&chasaapeﬂ
i nsul ative Iayer 22! % contai ner 26". Referring to

FIG 313, al¥i r@!ﬁl&lmmeqummaa T@f- Bsteidemererigl canbrsiepasitd gMeo t he
25 insul ative |&getricdier 480by @fivenidhalbidiRns, ik bs VB, or ﬁﬂj@m:illvﬁﬁ)i' deposition

ducti tal b lati in.th | | ust rat ed npl Th
first conducti venSamoBLA Y gblseb Pt Frtrre R B et hods,
such as by cheni cal Refespiog nahetp F3GS.I3arth{oGHI)E, 2 sdcondleybodiatnt vBqraethod of the
deposi tion (€. gyqe, UL &e%db&ﬂ&n]m é&&é@%ﬁh@é‘%h BYeflotrode 2" iR a g@g{‘mi ohred

by depositing sUCCEssI Ve nono e S R
met al that R& dRefeiingth FIG.34, aﬁ%felffragm@nt ¢Wndmiaritothe waferdtagment 1 0'tihighown

under| ayer 54 1atLP:%1u§ﬁﬁ99§>c&Qﬂgéf&t W@w@ﬁbn&fid‘%ﬁ#ﬁs&@i subshighk 150 the

illustrated exanple. Two nonolayers 56 ver a picted in the
exanpl e shown iwerdling 14386 ,?Htfﬁlélewﬁian&%rmwiawlm?ér p@&ﬁ%eﬂda
deposi t ed usi ngppenMe@eti onal met hods, such as chem cal vapor

deposition (CVD), e orati ndsenc [ 1 sical va
d eBOSi tion Ee_ g? 1 Kafoemng to F?& 3%( stconduct?ve n)letal 18 ¢0; fo%aliy deposit 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 tayer 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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WO 03/ 043172PCT/ US03/ 01474 sputtering). Silver (Ag) nonol ayers are
preferably deposited at a tenperature of about 400K The Ag and
Pt netal |ayers are then annealed to a tenperature of about 800K,
resulting in the texturizing |ayer 38", as depicted in FIG 3C.
During the anneal, the Ag 5 atons attenpt to align with the

underlyi ng Pt wioossssr7iihe anneal results in lattice m smatehusaoisr

bet ween the Pt underl ayer 54" and the Ag overlayers 56", resulting in

a conpressive str t forces the A tof rma la
symet ri cal tréﬁ r}‘g ffg@l"’é’m”ﬁs afeg’l"‘??’g’g‘? Q?%sr‘t 1 & tegppe E‘&e"fx@lft
The strain relleoo}(pattern that is formed can be, for exanple, a

trigonal dislocati o?}.hggg et %tgng:fe&‘ss N %m%l%'tf%la'térﬁr’pe%h; &lag uggd(]%s The

10 texturizing |aye éraply conprises a e et
surface di sl ocatesutirg inthe textdezingiayer 3%)qs depictadipFIeE. ﬂ@n Bumgthe mneal) dtewrges

Shys. 3D, -5 95 AEREERGS A i R RARREb Gromt LR AEARAEln e BT
texturizing | ay@¥smaghing betwegn the Bt underlayey 64" andthe oxcrlayamiSRCt feltinginzal |

bei ng silver inedhgeciite stsih frat zlt&ins t6 ffin & LSmidRRRAIskfdrelilt 0aS
15 phase ontothetextur|2| | aye to_ formthe | ower el ectrode

42" . The conducP3 orlatiss ove ?1%*6@@1 %%dTheﬁtman whd@aire heiniomeed sahenyr t o

convent i onal nea:la&gl%,atﬁ @mﬁs&b&tﬁn BatwaR cRIIRE & 1uﬁmyfoeﬁ;hfueumhe
The repul si \rig forces
S

ocati pn ures or
nanost ruct u BruEARe ?yék%h’ﬁ'?‘le TaRe PERFETS a%?“@é’ﬁé"é’ 15%36% jegations gs
nmetal to aggl onedatdarapchbfiver-dimtsions Snehiest @J’cﬁastﬁﬁtnﬂ‘iedés&ibaﬂ]%r example,

formations of th conduc ' increase the surface
area of the ent f“eréé |t%‘|’ @’?%3&%?%%@% is useful for increased
capaci tance. The regtmfetnngg:B&\éﬂ,@ncmtbmmngh@érwbmﬁnmalagmr afd y
equal |y spaced gihUGLUE &S b%ﬂgRNeﬁ ‘E}Qﬂﬂm?a?ég%?&phevﬁagﬁ%kd o&em as

preferred that gaseous silve eposl
about 100K tl& aﬂmnonmzmeanslweﬂﬁ!iémé@lmahﬂp\gme&etrm #3/. 6116 @h@r@tveer

i sl ands, preferghhys &ePos?téi i p6Bou E‘tﬁm‘a&hﬁ t&&meandmah&@tpﬁ‘e?ermm &

each netmnrk unit cell of the underlying texturizing |ayer
Besi des the desEYPH¥En K§miqusst er arrays, the conductive Iayer 40" can

conprise, for exanphe replivd fbredsePihe Gistsalies ('ieli@l'jl s@cﬁ% bﬂfahgs'hﬂ@urbs&ifﬁfe

38" formed by apneal.i n? ol a ers of. co depo ogclust

pl ati num (Pt) uff &EW%?%F %‘Bg{ﬁ B'ﬁﬁ?"r?aﬂb&ﬁ istan Sfhe

relief patteon ke iflind foredidns bfzhmndwmﬁne&&ayé 4OTGhdr@ssth@srface afed ofithe

unl ke curront PR PHPRARTT ViE el amst i Tosr iR o

cluster arr angemmctlm‘la)teh@" mmscsgmﬂlawﬂlmaced stryzbw cpmprsingel y

or der ed. 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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WO 03/ 063172PCVIS03/ 01474 Once the |ower electrode 42" is
formed, subsequent process steps are perforned using techniques well
known to one skilled in the art to conplete the capacitor. Referring
to FIG 3E, the container 26" is filled with a barrier (resist) |ayer
44" and the conductive netal |ayer 40" is renoved from horizontal
surfaces 39" oWobimsmnsul ative |ayer 22", for 5 exanpl e, rdayusodiiars
Then, as depicted in FIG 3F, the barrier |ayer 44" is renoved from

t he contai ner cle LOGEsS. desi gnhed to remve nati.ve
ox de 11 om the. sur £ BB B S BAR” BurES iR Ebet Prr e = PRk
an HF cl ean, i susingtetioriquesivellknowr t ook skilled inithecartit@goetplefeaheayapacitar? Bbferritg "
is conforrrally t h "

conductive mat etglﬁﬁ?%‘k;é&gm?lya%on u%tﬁlhiglaé@ i afdﬂﬁe} {r&gﬁ laﬁos‘iﬁt %@q]fe%o?dmtrtﬁet he
top el ectrode 5S@etaliayerr0" isompoh ek feom Hodzantabsuchates 89" 9f the gulative Biger 22Ty t op
el ectrode cap af.lf 1&9%@%&%&&5@&&9% %iruthéa {aPerdar hi¥EeHoged from
met al'/i nsul ator/si'li'con capacit conpl I ance

statute, the irbIeptner 283 sndoaeféqqn Eregeé%4e§}aafdmfemawgata@em%ﬁ@né\ew@§g

specific as to &%m&:ﬂﬂ:@ fondREctiiRt MO uBIAds ah BREREER pedmi® 4 BinkRelectric
under st ood, however at, the i venb onis not limted to t he
specific feat urd&r @%Wﬁoéﬁé ’dé‘é‘g?‘?’ﬂ fepasitgdoxeritidoves cigeiede iandpn

di scl osed Conprobﬁdactn@afaeﬁﬂ@dgIoeﬁdﬁsn»@frnetagﬁstdeﬁgnédﬁ@fmﬁmmpemﬂédatso" to

ef fect. Thehinventloa[ her ef org e’ﬁx ”ﬁ@ i.n a% its orms or
modi fi cati ol ViPERFR °ﬁ%°as%ﬂ%‘?“"§é pe B oPEITETdR 7B AR EPPISE RotySiticon
appropriately lrailmnpmerhgmdnmtmmﬁtdmmmpidloﬂ he doctri ne of

equi val ents. WHAT Al VED. |.S:

capacitor el ectr odef“ Zort Inceyyith (i€ statute, shefngnﬁ%ﬁ)asgeefmgx%“ 4 %g“?gaf/%“r’e on
an insul ative Icaiesrwwyﬁcalnmahqtm@ agt méthisal iémwmabbmdensmed Sowdvbre
texturizing |a mgmamo@is%& mueﬁ h&m&m&%m% P icbribed, since the

nanost ruct ures having substanti a OI’ m di nmensi ons; and

deposi ting B meveans m@aﬁc'aﬁedsv@msePrefeﬁ@tfemspémmﬂwwgnuoam effegt. fIde m

the |ower capaGieftion®, efefoR8aiReYinABy & it MG ARMifR M ohAFifkin Be px@péimt hod
of formng a | ower capacitor electrode, conprising: depositing

| ayer of a fi réfopﬁ@fta? angendpd clams ?Pgi?P‘aact‘fll’/’é“eFPéif%’r‘“ amrs@g? vithie éomef
of a second neteghivaener the first netal |ayer; and anneal ing the
first and second netal layers to forma netal texturizing |ayer
conprising a strain relief pattern of nanostnttures; and
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depositing a conductive netal onto the netal texturizing |ayer such
that the conductive netal agglonerates into clusters to formthe

| ower capacitor el ectrode having a roughened surface. 3. The nethod
of Clainms 1 or 2, wherein the conductive netal agglonerates into
island clusters onto the texturizing layer. 4. The nethod of C ains
1 or 2, wherein the texturizing |layer conprises platinumand at | east

one of silver and copper. 5. The nmethod of Clainms 2, wherein

deposi t i M@éﬁgﬁg_@écond netal layers is by chemical vapor

depositiop, physi . i Ld -atj.on process. 6.
i} %ﬁieﬁﬁs‘d o‘f@&lﬂfgé’ﬁﬁg}g Féﬁggltor%[qcﬁﬂde?}é@lﬂﬂ’iﬁﬁé.

The net hod of aim1l or epositing the conhductive netal

over the text uUpizingg t¢ayeingloygonse snabpive layenky donealingtatileastriwag metal

gaseous phase.,. ... The nethaod of Clains .1.0r ; rein_the | ower, .
dapact ¢ orPapals et NEATE AEE scPinr e CPerteie it PPES bt hyvine
form ng aubsugialloapdein Gmeakiond; eadle, conprising: formng a
texturizing underl ayer by: depositing a nol ayer, of a first_ netal
onto an insul aflep%ﬂrrga%/@r«'%él Balsel QVFh@ePW@r{D&XW@ layss &o Symythe lowey
second nmeLal i@y EkcttddR hhlihs b rdEheted @8, and anneal ing the first and
second netal layers; and depositing a layer of a third netal in
gas phase onto the texturizing layer to formthe | ower capacitor

el ectrode, havi I ned rface,. 9. t ho f formng a
capaci to?z,' coﬁmpg}eEi}OH%?%ebr&% ]t%’%ﬁbgaé’g?lg)ﬁé:’%e&éﬁeac rl(“j?ﬁs)stmgﬁet al over an

i nsul ative | ayleposititepolaidriofig fiast hiydovef andnsdaivethyert al onto the first

netal | ayer; _.anneal i the metal |ayers to forma texturizing
| ayer conpri sidfBOs gt ?S‘Hioré] g_ﬁ%“t‘% et Vet ant BoL e il ng
substanti al | y JupdHfiab et IEmnaiseddd metal layers to form a metal texturizing layer

comprising a strain relief pattern of nanostructures; and

depositing a conductive metal onto the metal texturizing layer such that the
conductive metal agglomerates into clusters to form the lower capacitor electrode having a

roughened surface.

3. The method of Claims 1 or 2, wherein the conductive metal 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 Claims 2, wherein depositing the first and second metal layers is by

chemical vapor deposition, physical vapor deposition, or an evaporation process.

6. The method of Claim 1 or 2, wherein depositing the conductive metal over the

texturizing layer comprises depositing the 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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depositing a conductive netal over the netal texturizing |layer to
forma | ower capacitor electrode having a roughened surface; formng
a dielectric layer over the | ower capacitor electrode, and form ng an
upper capacitor electrode over the dielectric layer. 10. A method of
form ng a capacitor, conprising: depositing a |layer of a first netal
into an opening in an insulating |ayer; depositing a |ayer of a
second netal onto the first netal |ayer; anneal i ng the netal

| ayers to forma nmetal texturizing |ayer of a periodic network of

nanost r ucg ur esy Bawida% ressh Mol I H%?ab&'iﬂrfe&rcffb&g, SRR

depositing a conductive material onto the nmetal texturized layer to
forma | ower dapuiogtdexteizng yglddayeabyng a roughened surface; forning
a dielectric layer.over the |lo a itor electrode; and

epost ting a Conits vEonlfur S it BB RS A BBBMF BSger (o form an
upper capaci t dep&died tw@df more thbnold{igs 6B fendihetal Alemhtirstwhasldhyertdnd
first conductive netal |s deposited onto a conductive plug exposed
within the opeWnsrlingms ﬁrﬁt adseqond aptal daysesaetd with a di ffusion area.

12. A met hod Qiepés@ﬁdgmy@r_olfg\ﬁﬁfd A8RPR da O bhARL Bt RN x uASHE 1dyet #dorm the
depositing a layer of a first nmetal o ah insulative |ayer;

deposi t i nigwar ¢apgator glectzpdsdwving ameughenedvarfacehe first netal |ayer;
annealing the first and second netal layers to forma netal
texturizing layer conprising a strain relief pattern of
nanost r uck.ur e mathdd of formirpepeaphditofGomptitingd netal in a gaseous phase
onto the netal_ texturizing I?yer tQ formth JoTer capaci tor
el ect r ode. depositing a layer'of a lirst metal over an insulative layer;
depositing a layer of a second metal onto the first metal layer;
annealing the metal layers to form a texturizing layer comprising a periodic network
of nanostructures having substantially uniform dimensions;
depositing a conductive metal 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:

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

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

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

depositing a conductive material onto the 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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13. A method of formng a | ower capacitor electrode in a

sem conduct or device, the nmethod conpri sing: formng a
texturizing underl ayer by depositing a layer of a first netal onto a
substrate, and a | ayer of a second netal over the first netal |ayer;
and annealing the first and second netal |layers to forma periodic
network of metal conprising nanostructures; and depositing a

torm the [ower T Eapanrd of CaPERe PR ET Ry caS ot alisdipefiont S, o

net hod of con@idtive 9l dxpuiRtl witiemt bdnigl £atih QRetricElUTRfat6Vitga diffusion area.
formng a texturizing |ayer on an insulative material |ayer by
annealing at least two netal materials, the texturizing | ayer having

a sur facer £ ompg (g Ailes RlePLaloldBba ¢ guctures; and

depositing a conductive netal onto’the texturizing layer to formthe
| ower capaci t alepediting 7 lapler df avirsignatal voag lmsnbtive laytmce.  15. A net hod

of formng a | gwer.capacitaqr el ectrode rising: formng a
texturizing un&g?ﬁlté%fﬁﬁv:o aé‘%@é‘ﬁﬁeﬁ*“gOX“"”@@%E‘&FWS{AQPX er of a first
metal onto a swmbadlingtie: firseindStdond Ghefdl dayefs toBireh £OBlaDicRRkizingYBfs of a
second netal over the first metal |ayer; and, annealing the first and
second meCHIPTisRg @staingplief pattern ofjaestiycies 404 ayer of a third metal in

gas phase ont ; A t SARA i
el ectrode hav?ir?%@l%%ﬂlﬁg%ﬂ&é g%ég&e?s p%gge%gﬁa rrtglll:e E%éég\(g?&? orm %&26 form

capaci t orth¢ lpwer saparitwrethetods: device, conprising: forming a
texturizing underl ayer by: depositing a |ayer of a first netal
onto an insulative |ayer overlying a substrate and onto a conductive
pl ug sit ust ed Aunethiod ofiformired loget dupaci®h clebodena ulsamiceaddcay deviag)dhd n
el ectrical contact. with a diffusion area in the substrate,;
method comprising:
forming a texturizing underlayer by depositing a layer of a first metal onto a
substrate, and a layer of a second metal over the first metal layer; and annealing the first and
second metal layers to form a periodic network of metal comprising nanostructures; and
depositing a layer of a third metal in gas phase onto the texturizing layer to form the

lower capacitor electrode having a roughened surface.

14. A method of forming a lower capacitor electrode, comprising:

forming a texturizing layer on an insulative material layer by annealing at least two
metal materials, the texturizing layer having a surface comprising an ordered array of metal
nanostructures; and

depositing a conductive metal onto the texturizing layer to form the lower capacitor

electrode having a roughened surface.

15. A method of forming a Jower capacitor electrode, comprising:
forming a texturizing underlayer by:
depositing a conformal layer of a first metal onto a substrate;
depositing one or more conformal layers of a second metal over the first metal layer;

and
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depositing a |layer of a second netal over the first netal |ayer; and
annealing the first and second netal layers to formnetal conprising
surface dislocations over the insulative |ayer; depositing a

| ayer of a third nmetal in gas phase onto the texturizing |ayer to
formthe | ower capacitor el ectrode having a roughened surface,
wherein the depositing third conductive |ayer agglonerates onto the
surface dislocations of the texturizing |layer to form nanostructures
in the form ofanneilingdhefingandsgeond sratal dgyers; andl ectric | ayer over the

| ower capacito . ; i L: t

over the di ol cpgEt {048 o2 REAL BRERNUERR, GORRAZAE 1BLER AT B
sem condulotver capasiior electrdiie Imemgacoghetal sudews.ce conpri si ng an

insul ative layer overlying a substrate, a conductive plug extending

t hrough the insulative layer to an active area within the substrate
and exposgsl WwiA Riethodf GRafithdWedphcitdith 4 Bsmbaliduber HeN&s, cohhasinget hod
conpri si ng: ~formng a texturizing underlayer by formng a |ayer
of a first metfarmigg adepsurizingyndeslaer b¥yer within the opening, form ng
a layer of a ] Fn;f.d fi : I : i

the first andstgegg%%l ne?égloq?ég%gﬁlgﬁ%lghgoﬁnﬁ@rﬁe?glel oﬁ%??%?%gaa%ﬂr a%:eggl
di sl ocat i @nsa cwreluctieplignsatt iwithinl @yepeningtthiongh the impltivebpyer and in
depositin layer of .a third nmetal jn s .phase onto the texturizing
| ayer to %%Q??ﬁaﬁ%“?cg%tﬁ ACAPHLTT B2 ‘é‘ﬁh%?‘ﬂ%gta"’ég wherei n the depositing
third nmetal ag@hesimicad Bgerlod afsedoi nfekaB0erahdififsemstabRyédhends ur f ace

di sl ocations of the texturizing layer; filling the opening with a
barrier materianealing dhedirstagdserondgiesl 1ayarsde forpr BaRhMBrEMESNTaSS: f aces
of the i ngybalioNEoler R insulRVOYIBY the barrier layer fromthe opening;
formng a dielectric layer over the | ower capacitor el ectrode; and
form ng an upplrosttéEeleyerof eltiint medbin@asphash entdithd esturiziog laypeto. fornt ghe
s er al 018 oo el ibrod MELELd rb R oiEle, WRRly BPURIGSRER i o' <
el ect r odecoadugiive fytigasglohiorateCoty ehel sapfade disledakiphgf the eentizing Gaigr to form
texturizing |layer conprjsin _lan nneal ed | ayer of at |east two

net al s, tqﬁ‘éostuélﬁ?"{ﬁsini%d%%?gﬁs apd GlURE™Sa surface conprising a periodic
net wor k of congughi ¥ QiclRirf! lafR RS tha/oldF EpabiesticN@ursaat@ntial 'y

uni form di nensi ons, and the conductive |ayer conprising netal

cl usters on t Hernyng fmuppen Fanapigorteborirodd pventhe|digleqtric layelt el ectric | ayer
overlying the | ower capacitor el ectrode; and

17. A method of forming a capacitor in a semiconductor device, the semiconductor
device comprising an insulative layer overlying a substrate, a conductive plug extending
through the insulative layer to an active area within the substrate and exposed within an
opening in the insulating layer; the method comprising:

forming a texturizing underlayer by forming a layer of a first metal on the insulative
layer within the opening, forming a layer of a second metal over the first metal layer; and
annealing the first and second metal layers to form metal comprising surface dislocations
over the insulative layer within the opening;

depositing a layer of a third metal in gas phase onto the texturizing layer to form the
lower capacitor electrode, wherein the depositing third metal agglomerates to form island
clusters on the surface dislocations of the texturizing layer;

filling the opening with a barrier material;
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an upper capacitor electrode overlying the dielectric layer. 20. The
capacitor of Claim19, wherein the texturized |ayer conprises
pl ati num and at | east one of silver and copper. 21. The capacitor of
Claim 19, wherein the periodic network of nanostructures conprises a
strain relief pattern. 22. The capacitor of C aim 19, wherein the
periodi c network of nanostructures conprises a trigonal dislocation
networ k of unifere@inkShe meédl laydr€ roARRSIEMR4] sBffadek BF {Re LBuldREILER the
| ower capacitor electrode conprises a plurality of netal island
clusters. 24.remopRafhectamicr lagrfeishagraaingapaci tor, the capacitor
COMPII S NG: - formin ol G EADAT e FhAGLLAURCHIRLLS G @ conductive
| ayer overlying a €ontinuous”texturlzing [fayer conpri’sing an anneal ed
| ayer of at | efaghingao uppdrabmacitohdedtere ovdr thendjelbasietayehavi ng a surf ace
conprising a periodic network of conductive nmetal nanostructures
havi ng substantially uniform di nensions, and the conductive | ayer
conpri si N, MetEle hthisd &7 Sladi 11, Rehefdii {RGARE 1dvBEcdniprstd 4 AkBOmheNAr; a
dielectric layer overlying the | ower capacitor el ectrode; and an
upper capacitor electrode overlying the dielectric |ayer. 25. A
sem condugg or £i - SR |SI ng a capacitor, the capacitor
conprising% '&hﬁgg#%ﬁ%r ca%iéitor el ectrode conprising a conductive
| ayer overl yi rgowerapaditon elgstrédexouprizing g chbadretivelapggrovsilyigg ano@tinmesd ed
| ayer of at, l.east two netals, the. .texturizin ayer haying. a.surface
conpr i o1 GXHIEBE e SrivEists Ak B incel Tee bR SHalto be Mo Bi el
havi ng subsingntsuethdeycoripirisBip BB sitdsk ofdddidtiee G uehdsutethRY Biving
conprising metal clusters on the surface of the texturizing |ayer; a
di el ect r i Ebstantsily goidenmy dimgnsipes, prdibe cendygiive layer spmprising aetal glystgys on the
upper capgehdolr el @Qttuﬁgﬁilg I?éﬁ” ying the dielectric layer. 26. An

i Si

integrated circult, conp ng a capacitor, the capacitor conprising:
a dielectric layer overlying the lower capacitor electrode; and

an upper capacitor electrode overlying the dielectric layer.

20.  The capacitor of Claim 19, wherein the texturized layer comprises platinum and at

least one of silver and copper.

21.  The capacitor of Claim 19, wherein the periodic network of nanostructures comprises

a strain relief pattern.

22.  The capacitor of Claim 19, wherein the periodic network of nanostructures comprises

a trigonal dislocation network of unit cells.

23.  The capacitor of Claim 19, wherein the lower capacitor electrode comprises a

plurality of metal island clusters.
24. A DRAM cell, comprising a capacitor, the capacitor comprising:

a lower capacitor electrode comprising a conductive layer overlying a continuous

texturizing layer comprising an annealed layer of at least two metals, the texturizing layer
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a |l ower capacitor electrode conprising a conductive |ayer overlying a
continuous texturizing |ayer conprising an anneal ed | ayer of at | east
two netals, the texturizing |ayer having a surface conprising a
periodi ¢ network of conductive netal nanostructures having
substantial ly uniformdinensions, and the conductive |ayer conprising
metal clusters on the surface of the texturizing |layer; a dielectric
| ayer overlying the | ower.capacitor electrode: and an u r capaci.t or
el bet r odel BT T rtGe T Barie nelyEF of Spduafis el agbvna S B Baving
of O ai m dbstahtilly@ifofiR dRidnSioRy and theabhid@:ti0f layeBdhpricRk Insdtal @dters on the
internal circuitry; .. Wwherein the capacitor is within an opening
in an i nstriaes lghe fexBrizigdaves substrate and in el ectrical contact
with an active, &LRarwnd R} QvérlgﬁxgﬁH@ﬁ)WeF‘Efpacit&%lec@o&@9@&3' tor,

conpri si ng: a | ower capacCitor plate conprising a conductive

| ayer overl yi rp wptecapasiioz clegfrddeyorerlying thetdioteamid layerg | ayer conpri si ng
an anneal ed | ayer of at least two netals and surface dislocations in
a periodic array, and the overlying conductive |ayer conprising
clusters 2. a gLeafidcidicedraRbd, cOmiplidier &tdphaias, W sdpaciedricompridihgt he
texturizing layer; a dielectric |ayer overlying the | ower capacitor

pl ate; and an gP&rcapagioe clestrods cgt@néwgmcw%ghw@yﬁi QEHEPE 2 CONHPERS
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a conductive |ayer overlying a.textur|2|n? | ayer; the texturizing
| ayer conpwingiaryrface comeiingd Heaipdic nofwaak b1 ¢osduciivd nuztad omebstruetdres having

met al conprlsing surfac%_dlsloca1$lnsbmﬁ£gvége conductive. l,aye
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di sl ocat i smfaceodf thhextueixingayei;ng | ayer; a dielectric |ayer overlying
t he | ower capacj.tor . 5ate; nd aﬂ u&Per capacj t or pI%fe overlying the
dielectric | aféil@lectn ayer overlying the lower capacitor electrode; an

an upper capacitor electrode overlying the dielectric layer.

26.  An integrated circuit, comprising a capacitor, the capacitor comprising;

a lower capacitor electrode comprising a conductive layer overlying a continuous
texturizing layer comprising an annealed layer of at least two metals, the texturizing layer
having a surface comprising a periodic network of conductive metal nanostructures having
substantially uniform dimensions, and the conductive layer comprising metal clusters on the
surface of the texturizing layer;

a dielectric layer overlying the lower capacitor electrode; and

an upper capacitor electrode overlying the dielectric layer.

27.  The integrated circuit of Claim 26, further comprising:
an array of memory cells; and
internal circuitry;
wherein the capacitor is within an opening in an insulative layer over a substrate and

in electrical contact with an active area within the substrate.
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30A DRAM cel |, conprising a capacitor, the capacitor conprising:

a |lower capacitor plate conprising a conductive |ayer overlying a
texturizing layer; the texturizing |ayer conprising an anneal ed | ayer
of at least two netals and surface dislocations in a periodic array,
and the overlying conductive |ayer conprising clusters of a
conductive netal forned on the surface dislocations of the

texturi zi | ayer; a dielectric |ayer overlying the | ower capacitor
pl ate; antfan QSR YapHRRTHE pl ate overlying the dielectric |ayer

31. A capaci t of lowePERhéifr Pt dnPiRIng® RATEDIVE 140N IVel$InB A (Sxte:PNAM kb e
material overlying a texturizing |ayer conprising a continuous

anneal ed theteturizingdryes soppiisngign amedledilayen ofgt leastave metds drspaes
di sl ocat i ﬁaacaﬂ%n@i&pdggeh%ﬁfcfa@,raﬁxT e &%rlﬁig%o&&%a% e c%PQsiag Budibes of a
| (0] | | Se

wherein the perio array surftace l'ocat 1 ons” conp
nanost r uctondesive megal oh tla surfaed digdbegpiaht eff the texturizing layer;
a dielectric layer overlying the lower capacitor plate; and

an upper capacitor plate overlying the dielectric layer.

29. 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 island clusters of a
third conductive metal 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.

30 A DRAM cell, comprising a capacitor, the capacitor comprising:

a lower capacitor plate comprising a conductive layer overlying a texturizing layer;
the texturizing layer comprising an annealed layer of at least two metals and surface
dislocations in a periodic array, 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.
31. A capacitor, comprising a lower electrode comprising a conductive material overlying
a texturizing layer comprising a continuous annealed metal layer comprising at least two

metals and surface dislocations in a periodic array.

32.  The capacitor of Claim 3 1, wherein the periodic airay of surface dislocations

comprises nanostructures in a strain relief pattern.
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