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SURFACE AREA | N DRAM CELL CAPACI TORS FI ELD OF THE | NVENTI ON The i nvention
rel ates generally to sem conductor devices, and nore particularly to 5

sem conduct or capacitor constructions and methods of form ng sem conduct or
capacitors, rt] arly in applications for form ng dynam m access
nmenory (DRAN)R@"%@&H?tructures and integrated circuitry |%§@&§&&d€?ng DRAM
cell structures. BACKGROUND OF THE | NVENTI ON 10 The conti nui ng densification
and m ni aturizati on METHOBEIOR ENHANONG BLBEERODE SURFAGEIAREA ar eas t hat
are avail able for sem conduct orINTRAMCEEY CAPACIFORSexanpl e, in the
fabrication of high density dynam c random access nenory cells (DRAMs),
there is less area available fq L T E & capacitor) of a nmenory
cel . However, the capacitor orage capacitance to
ensure operation ofTheheentionoelytecgrhérallylio semicdidudter dalvises, andraee particuldrlyco eased
storage to egnable d V|ces t orm nore functions at a
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capaci tor w t hpaiti@uldriyia ippticasipmctor foEmngewaﬂitdrendoschmmeﬁb@e(Dhmb;emn

i ncreased by formng the capacitor.in a triﬂﬁﬁg as a stacked structure.
The surface ar SEclifesgpinisgraled seyitryincqiporating & PEUSSed by i ncreasi ng
the surface roughness of the lower electrode that fornms the storage node.
One prior art process for increa de_surface area by formng a
rough upper surface is i 11 uSALKGE NI h respect to form ng

the | ower apectr oderheasntiduingyéisifiRhtionand ﬁnﬂﬁ'@ﬁﬂz@tﬂﬂn cﬁﬁrﬁégﬂatéd“ﬁ@usﬂﬁb waltd i con.
Referring to FIG 1A 25 semco ductor wafer fragnent 10 is in a

prelininary predlssiras thet ap ayayable forsemicoydugipr mamory fieyices-\fgr xan %\ $it 10

conprises a Sefﬁbﬁéﬂﬁdﬁl&tlﬁﬁdéﬁé:@rdyﬂimll?anﬁ&nGcccssnfﬂﬂ{bgﬁée}’lﬁmgﬁth%iché ean) and
wordlines 14, 16, having nitride spacers 18 forned |aterall adj acent

thereto. A dif PeaP'@Hebielgr b storesnneds(apacier) Q{ﬁ)@?’P%Wée‘ha‘t*@Y‘?"a‘l thfzanagltor

positioned betaedvemhitHnieforks caafam@@eb BLRE bk Aah bmhs tefl. Prerd he
transi stor gates that are 30 conprised é wor dl i nes n insulative

|ayer 22 sdéh #slpanepiersprersed fr*%f&%féogfraa Sevipgsopeyrf %@Mﬁ“‘ﬁ’ﬂ%%(@%er t he
sem conductivejgaterial 12 and the wordlines 14, 16. A doped

pol ycrystal line pl usg 24 has been formed through the insulative |ayer 22 to
everal 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 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



provide electrical contact between the capacitor and a diffusion regis&rdies
between 1 13 OCT 2006 WD 03/063172 PCTI US03/ 01474 wordlines 14, 16. A
contact opening 26 has been formed through the insulative |ayer 22 to the
plug 24. A thin, heavily doped and substantially anorphous or

pseudo- cryst i ilicon | ayer 28 has been deposited o |l.asul ative
| ayer 22 andaﬁoﬁgﬁ?ﬁﬁ Referring to FIG 1B, according to ?ﬁém%)&ﬁ%irwart

process, an undoped anorphous 5 or pseudo-crystalline silicon layer 30 is
deposi t ed over wbrdiinaddpelh. s@npbiaipeniog 26 lps bemidorarey dtragh Khvdnsilalivelaper2ayer  28.

The wafer fragpment .10,] s, t,hen expese silicon .source aas_sugh as
L e g e e e e L
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to aggl onerate around the seed crystals and for ol ysi lLicon

resulting in tﬂé’?eéP%%?@@mﬁ%@ei’gmﬁ?cﬂ&tﬁ?@dg%" erict'iﬁfpsﬁ e of fhe vAdaPEd i gh not

Ishown, t he DRAMh f@i\duts bsps‘eh?ncryswmml | Oelegﬁskt 1aiaetf3f),cus;@1'?m iﬁF¥¢li1Iﬂ:, ccelhiuisddieel |eft r: ct
ayer over e structure, followe 0 i on of econd cell plate

(i.e., toplél eE‘E’FWH%’)‘,ﬂe‘PVﬁ"E%I W‘Wﬁ%‘ﬂdﬂﬁ?f 9@%&@ lfp‘gﬁl@i’rﬂ bn or netal -

based | ayer. AbdnBSel chidrthii@naedal Sinbiph&R of PRUGRAGHSallleeiIRM fag&30asea of the

| ower capacitor 20 electrode, current @g} met hods. for 1 ncreasing

) ) HSG t ] .
capaci tor sur f S¥allipestrugtuges thalase '&'Fﬁ“?‘i'd’yﬁﬁ’ﬁféi)‘/ ly distripyted siligen cryatalyiokthgy ant age

of using HSG sickit @8y, tThe HRFMA] FreatmON cAisBARe JIIRPyY ECMRRGIERT toRpgibmEmee) s that
nor phol ogy needed to increase surface area function of inexact

physi cal convef@pstbeeed grystals prd famp Hﬁﬁé’."lyﬂ@g@%‘b feeRineip tsI5torasg yoder equired to

gai n surfags akRRAIPMRGFNRIFIG. i‘_ﬂ.eﬂﬁﬂmfgﬁhpﬁﬁ&&n,%micaﬂismtcoﬁmrl% bor der s
25 on over-consuned, bul bous grain formations that are structurally unsound.

Current technbY Bypinggdlin et digleqiasdaysr qust &y stiaetpes; fpllowsd by Srefprmagian ofpng

unwant ed patt egdagnd defiiPatd G EPRp alestfole)IlypRAIBNE &n&fc&ioaﬁdaﬂa@palﬁsiﬁéonaﬂﬁleﬁar.om gas
flow dynam cs create large variability in surface area enhancenent. | nexact

ordering and sP"‘l)fé‘.lBYe"converted grains can be problematic. For exanple, the
grains of the silicOmRyenhe I8y RIHiliESH iftreases the surface area of the lower capacitor

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

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

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

from seeds deposited at the end of the seeding step. It would be desirable to have more
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30 discontinuous and isolated islands. Further, if HSG silicon growhgcg 6P
extensive and extends to the opposing sides of the container, the surface
area of the capacitor plate decreases. In addition, since seeding is not

I nstant aneous and takes a finite and prol onged anount of tine, grains

formed at th Lnni,ng of seeding are | arger than grains rom seeds
deposited at e?ﬁgglgd%yzof the seeding step. It would be desré'gg@gﬂlt“gj have nore

2 13 OCT 2006 WO 031063172 PCT/US03/01474 precise and uniform roughness
provi ded over fridgsesnd isifoemodughtess prapided dvarthpduafae dftheicapacaarplate o inickaage ar ea.
SUMVARY OF THE INVENTI ON The present invention relates generally to

seni conduct or TADTiCation techni ques 5 and, nore particularly, to the
formati on of a capacitor el ectSUMMARYZWOFEHERWEENTIONe i nventi on provides
met hods of form ng

|l ower. electrode structure in acitor. of a
seni conduct or devi g@_e pﬁeﬁengwgeng%ﬁegqqeﬁéﬁ'}“%w ?%@’Cﬁﬁ?‘ﬁg’a?ﬁﬁ°§%°%§?‘bw‘ﬁ ng |ayer
i n the forns ofand, marepusbuledy, ar thefonogion ofiscabaditor ¢lecubde. med prior to
deposition of the cell conductive.|layer,to form.the.lower e|ectrode. The
texturizing |ayer i’ﬁl%eaaﬁp%gg#ﬁr'?vﬁn%ﬁ%?%éwg © r‘%ftg‘ifmg’ﬁ a\rqg‘ﬁ?ﬁleftﬂ@teur es and/ or
peri odi ¢ net wosttkictafe i b tdpacieor ofd fetifdondieor Bavidenth chidlemibadiinksitlof Yhe wathbd,ram
di rensions (e.g., height, size). .ln anather enbodiment .of ;he nmethod, a
pol ymeric mat etg’f 'i‘ZIﬁ“gs]gﬁﬁéb'brz‘F?"é% °8§B?“°feﬁ%{]°rpﬂlgﬂ?r8‘fslﬁgl'i’ g’?@?‘f%—‘l"rﬁ' cont ai ner as
a precursor t hagpoditioncdtheaell eshdh@ive Rlyérad foom A6t TlecBddel TheleRErizhiOByer
ozonol ysis_and UV exposure, resulting in a textured. |ayer c i sing an 15
i nsul ati ve!%i I?%SW“B%@&PWF‘&Q By 9fn CBE?S)?H%?W?“H‘H'E E%Y"&rlk OE%F? ses a
hydrocar bon binedired Rghis sibdtirtially Gofinadiftiengond (OE kheight) 8iz¥)0l ume fraction of
t he hydrocarbon bl %:lk relative to_the 'Séd %acqn-cont ai ni ng, bl ock can be

varied to form t he hawHer FriRgdypent ofthe e Belymenq materipl is dgposited ayprghie

structure. Theinkildtive layetfRebnatheae 8 ple€urdr thaflh Eonvb@edtd RAEEf RPoroeni Ng  to the
under | yi ng substrate or con(ilucti%ﬁypd{xu%s at the bottomof the cell for the

subsequent 20 YRPYEF LPYPZEROIYSIS Y pRrareigtudiing A a fextuged laysroompnising ag,

conduct i ve 15et abolative Sbbr dxyearbide Bim. | THOBSIyAERGHhAESH cdifpResthylidBAbon OUghened
surface. After formatign of the | ower _capacitor . el ectrode, the structure is

further proces¥ed and asiifpn-eantpiningcblock, The yolmefactemefdie hydmpeabondilegkect ri ¢

| 'ayer and for nieélvéid thiedon Cam@asing Blockedad 6¢ 101€ touh tht BenodinRhuedstat b felibRY €r -
The capacitor can useful I%/ﬁbe | nta_ﬁgrat ed into,a, DRAM cel | . 25 I n_ anot her

enbodi nent of HVAYEGRSE PETOUE HEctursy dhE fitghis Puncheiched (e, RAE) in gletr|aa prsnings

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 the 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 rcscxlting 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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fabricated froma conductive material prior to depositing a conductiygdy&i
to formthe Ilower electrode. In formng the texturizing underlayer, a first
conductive nmetal is deposited over the insulative |ayer of a container, a

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

and the two ?% 613 ers are annealed resulting in a 30 tﬁé‘f’tfé{’% 4L,pyer
conprising surtace |slocat|ons in a strain relief pattern, it

preferably a periodic and ordered array of nanostructures. A conductlve
metal is then ovdgpngdtmdubtimlagewoxphm:eordereiartalyEOfreataltjslamiichxgtefsagrhe wher eby the

deposi ting netal rales i rfa | ocat.i ons formng I sl and
clusters. PrefS e?acb?r%g"&' egolﬂ’ egeir:&e?'c?te%q%nﬁ l(Sairiesm(();fm th n%fmi zP%er | ayer are

formed as a pe:apaadmrmiaoemdkar, thamdemhelaﬁer.lﬁhmﬁacﬁﬁﬂﬁn hwxﬁkﬂieﬁﬁagritad into

PCT/ US03/ 01474 Ic\éhng conductive |layer conprises ordered arrays of netal *
i sl and cl uster’ ‘capacitor can then be conpleted by depositing a
dielectric4 ayer amdarfombmSpg:tambmmmmrmelcﬁmml @bédfapﬂﬁoﬂ\tmbet he
dielectric layer. The .capacitor

t DRAM
Cor e Lo ERR iR Lot e e SN e p DR

capaci tors carinlbge cmbwmmaqlt}wtoeﬁhclmtcammsﬁﬁnomnﬁpﬁﬁtefplmb@wrtsmglancl uding a
circuit COh‘pI’ISI(P% :I i IA te ca ClltOI’ COh‘pI’ISGS
a | ower capaci®bt fﬂYeéf‘%er &eogn’[ﬁo % ‘ﬁ‘@f‘ £n B‘Eﬁ‘ﬁﬁﬂ’f{a )\?éer yé%"r e’(t%"é)"g Y5 MeLi 1 i con,
conducti ve netamprisy,dod qxamglemltoexbwcarmdegerhﬁiy:aandsﬁakuresc@mprettﬁeﬁyerf or
exanple, sjlicon_aq bi de cera nostructures, a dielectrjic |layer 10
ovarTying e PaRare Baloier Eigrc oy Bps, “aRG e Hap AR oI b difesoi o1 1 i ng
]Ehe didelbect Irl Clayek. a'lylaernanalébecarmam@fahétuﬁﬁwﬁid RSak lczinhﬁ fb:a;eﬁay um:aﬂglei ieddiktichan ble
ormed by ultraviolet irradiation and ozano of a,polyneric materia

conprising a HPAPHAmAE B0 AT PRI ERerRptSral <omPTioBhd Ryfecain Ef"’bi“l‘}ék The

nanost r uct ur essilkan-chiftaibih®Blotie drhd haiteinRfur@lcal B providéd ds gskyéz&axef&%hu@s struts
by varying, for exanmple, the volune frgctlon of the hydrocarbon bl ock 15

relative to tr%wfsfrsmre%ﬁy vaing; A5 sygmpledhevolime Fastion phhchydrocarionbiedy |

anot her enpodi @RfNeto tﬂa@mea:paﬁnmﬁg ﬂ@dﬁ%th%@ﬁly&neh@%fen&apam tor electrode
conprising a conductive netal overlying. a conductive netal texturizing

layer, a diel ectriltaqe ?‘“Wé?‘?"i// t}}?gfaﬂaﬁ’éprlcﬁ'iﬂk‘?sef ploensapaciiredectedfe, and an

upper el ect r od@mipAsiflg a con@@tive ifetabR: oe@m Gl doNcchiRd ] tXBTInY 143er, hhe
dielectric layer. The texturizjng npri ses surface di sl ocati ons

a
conprising a C‘Bﬂﬁﬁﬁ‘é‘tlﬁﬂ°Y@'{Y§Tgtkﬂ8W“#@%F%@dW“ d amprpst slerodnleBlyi ng | ayers
of a first andychRRm cesietime®) FBlahg thOdieRAAY Gk ThERkRkizing 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 1s formed from a gaseous deposit of a conductive metal that agglomerates into
clusters on the surface dislocations of the textunizing 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, intemal 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 potymeric material comprising a hydrocarbon block and a

silicon-containing block. In another embodiment of an IC device, the lower capacitor
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| ayer is formed froma gaseous deposit of a conductive netal that 13.0CT 2006
aggl onerates into clusters on the surface dislocations of the texturizing

| ayer. Preferably, the texturizing |ayer conprises a periodic network of
the surface dislocations, and the overlying 25 conductive |ayer conprises
ordered array al 1sland structures. In another asp | nvention
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aggl orer at ed i ehdeNsyeLoaIbvedr Sapabitor 2lectRuid UThlikeribirethetha@ls FE tbriing e t he gaseous
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greater |evel B?‘glﬁoﬁ?’?%‘l“‘”ﬁVeﬁl’et*’&f)ﬁ'g‘l‘%lﬁﬂ#‘l%}‘r‘Eﬂ‘% f mgregeninifizely destgded ader of a
| ower capaci t Ogngileered, WGkh facilithteddBe Rbii@kioRbflthd TRERGRH SelD fin balditidn) §itR thk0
capacitor using HSG sjljcon formation, the texture of the capacjitor

resul ting fronPesfat mepedsaperhnlogyseeded bo ipgrpase syriarrsea iy netedanction ofdhs ure, and

has a genengl | ghydiehifconverspatol @ Edhdaitire filtR bgifl the cRRBS BGANIcbY filnhsNhdal1ges of the
capacitor can be nore defipitively designed and engineered, which
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function of the 15 physical conversion of a conductive filmas in_the case

ph . | film
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required for HSG silicon deposition and thermal conversion are
processes can create ordered roughness at low temperatures and therefore have the

advantage of allowing the capacitor to be formed anywhere in the process flow.
BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the invention are described below with reference to the
following accompanying drawings, which are for illustrative purposes only. Throughout
25  the following views, the reference numerals will be used in the drawings, and the same
reference numerals will be used throughout the several views and in the description to
indicate same or like parts.
FIG. 1A is a diagrammatic cross-sectional view of a semiconductor wafer at a
preliminary step of a processing sequence according to a prior art method of forming a
30  capacitor electrode.
FIGS. 1B-1D are views of the wafer fragment of FIG. 1A at subsequent and
sequential processing steps, showing fabrication of a capacitor electrode according to a

prior art process,



hi gher than any back end-of-line materials (netals) can tolerate, V\:h{ &f 006
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fabrication of a cé%‘ﬁ&"?’%?’r‘mé‘["éé? feseribed genstally pith peferengg HEINgs il
a method of thgyy d&&%ﬂilhéﬁ@nnﬁé' predesDy mﬁh%%nl}"dﬁd EREE@R%%%EWB@| MENTS

The invention w be descri bed generally wi reference to the drawi ngs for
the purpose ohmﬁmsﬂ@tswa% i fg '@Smefoﬁ%@@é@f@%Bmerf@WP@%ﬂfy and not
for purposgs 0§em1édn3ﬂcidr@9née|§‘ﬁ1&é&@anc?ﬂﬁhﬁie%%éﬁ;ﬂvleﬁti&ﬁtft@ﬁ&zl@&&@a%ﬁ?' ng steps

for use in the fabrication of
apparent that the processing steps are only a portion of the entire fabrication process.

In the current application, the terms "semiconductive wafer fragment” or "wafer
fragment" or "wafer” will be understood to mean any construction comprising
semiconductor matenial, 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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15 sem conductor devices in accordance with the present invention. (f]@loib'og
be readily apparent that the processing steps are only a portion of t

enti re fabrication process. In the current application, the terns

“sem conductive wafer fragment” or "wafer fragment" or "wafer" will be

under st ood tomgn?s?ﬁy construction conprising sem condug&_glﬁg(ﬁ%%‘{i al ,

I ncl udi ng but "no imted to bul k sem conductive nmateri al as a
sem conductor wafer (either alone or in assenblies conprising other
materials theagon)' ,ofBBSIGseahﬁ@mtwlbtmmmxmhaeﬁaﬂihaslbagiﬁiesosﬁted bveetheal one or in

assenblies co | Si |.s) term'substra fers to any
supporting st pﬁ?‘@%"i’i‘FQ‘%?@t‘*&m% nef)Ef{ aléncﬁpl %F‘é‘apftswg é]pé’bﬁfyé%ﬁ

waf er fragnentigendeposifedimo ﬁkeapémh@eﬁbl@bdmensulﬁmfrd layek 22 abacdieonidal @htast rret hod
accordingtothelnventlon | & ed with 25 reference to FI

Ehr ough 9K i PSR e GaPagTor g A0 g UGS 205 (b Sk e gD, of a
DRAM cel | . Ref pfddty cofiveltidnal @éhods kmﬁrarndfuseagﬁr&ﬁhn,lﬁ cont8in&tup Wpeniiy 28'

P agrent 10 PSRl 5l el ebR o s o SRR e e e ot o
ragmen i rate or
the wafer al on@fjumﬁvb1ayarr220ud$ax;ws@megﬁ;glzfyers f or med 33 t hereon, includi Blg one
or nore sem conductor er n act ve qQr operable
portions of sem corﬂfﬁ?,‘fi’ﬂ ‘H‘g\? m?’ﬁ@ \%ﬁf”é{h‘? Efﬁr‘gﬁ’te“si?? CHPE i ses a
substrate 12 lwﬁsfﬂruatﬁreﬂ’lﬁﬂﬁ&éo)iﬁhﬁhé hhi@sudtive SiBébn oxYWFKEdd BREid 4re.forled as @and a

di ffusion reg| on (actjve grea 20" forped _in the substrate 12' befween the
wor dl i nes, ?he‘eEFP‘FZP’E%?b"ﬁ QyFidhe iplatiye aneri 2R e a5 d5pisied tn BIGs 2B te iceraseithe r egi on.

A 613 OCT ZOMace%aQﬁﬂQ@SﬁsZ‘ﬁlereH&Q& ébla&u?c@wé ay&r4o'2 %uctpd‘nual?x%@m@r ot her

suitabl e insul ative nateri al been bstrate 12' and

the wordl i nes degeribed.dor expmple,jg Chap e‘é]or?ffF’i‘%lz% la&ﬁjbﬂ%b‘ﬂg’%ﬁ%?h&]yl’ﬁw has

been deposi t edetiaNt RrafaeP e me12sAn ggiqbodoie | nsul ative | ayer 22' as an
el ectrical contact between the capacitor 52' and the diffusion region 20'.

The foregoi ng st r ucthgsBistuanddepography ofdhe texpurizing/exst 3% e betatiefrscordingwn and

used in thesang g folythetichferial, GR&AKABLMA prodkdsing ?mwsmzé—‘éemae bot t om
portion 37', has been conventi onal | y etched into I nsul ative [ayer 22

to expose the [ormigs thetextygizmnglayien Mers patirularynihe thxmemns byer 3§ecambe hod,

three- di nensi oggine&ed RIPrévidd RAQ&H: hitobiicRirksfal bdiRed RITRE fofth BEpd dr pgief at i ve
silicon oxycarbide ceramc, are formed as a 10 fexturizing | ayer 38 over

the insul at i vestiugipess suchras staus, gwpidseayng sihezs.&y varging: for xampleathe pelaer

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



surface area of the subsequently deposited conductive |ayer 40 Sucﬂty?rmmﬁ
structures are described, for exanple, in Chan et al., SC|ence 286:

1716- 1719 (1999), and Phely-Bobin et al., Adv. Mater. 12(17):1257-1261
(2000). The structure and topography of the texturizing |layer 38 can be
vari ed accord] to the polyneric materials, concentrati

processi ng par né@égg that are enployed in formng the tgihﬁgﬁyﬁﬂg | ayer
More particularly, the texturizing |ayer 38 can be engineered to provide
di fferent nanostr ugheteRfrigiig AeE ickitlk, fabrivatell 8s ditera Iafmupaf Rfiefrudtile] Bf

structures such as r0| ng ot her varying, faqr. exanple,
the pol yner 'g?vo?rﬁ"e fgﬁ%}l‘y E‘E?ﬁ'g’ﬁ’i‘l{’lf’gﬂe@ﬁ% to AR FYRECORIUAEt er s used
for curing theolsl&p@ﬂlubm( %ogmeyﬁre&msbrlmteimﬂm aad/doa/qug/na)l)rtﬁmac of pore

si zes and speC|f|c areas.  can he obt 3@596 ﬁ ng the Iecul r wei ght of
the copol yner sPOHBIS ki ) Gpgpasitiog can m p ‘d}(’ R‘t‘ﬁf‘ﬁ" Algey e er

conpri ses as higlarddatend Blyckqe.gf ngngsaﬁafé; ABROSTKOIR RSN IF sHRYA-BhitadikThibeks M
hei ght and cross-di nmensions. Prefera , the resulting nanostructure are
ﬁér

hi ghl'y or der ed(®-2PPREMINED): ap whieguen YPWP‘E’@ RMHERADPRATANS souctrp o By djay
material Conprécafparisdn, fwmmﬂui)?tgmmpﬁiﬂomhan& KA B2 conpBbiBbiéal Be uRldi@sk. An
a

exanpl e of a polymeric nateri for formng. the nanostructures of the
texturizing | alpER agigversssioyble gweid é‘i“?’]’}lf’ﬂﬂﬂyééﬂl‘%“rﬁ"h‘@‘“{“lgl ek &se-copol ymers of

the type A(errjdap f’ﬁ[US)SLnetMé}%lﬁam% x dthy&00RbonBdck (&g pdiyisipanay, haieh biock such

as polyi so%ene and t "B" copolymef is a silicon-containing bl ock such

as pol y(pe an@cqfrweﬂ%lﬂm@???‘&ﬁé‘}“cﬂ@e(pol y(PMDSS)). Such pol ymeric materi al
is described in th@‘o%rﬂftﬁ@l%%h@ﬁ?ﬂyé@%" ﬁ,lesolpasen&hﬁ@nms& ositbdSHPthe Ot her
useful polymeric nmaterials inc § I met hyl si | oxane as described in
the article byinpiivg Wnn@mr&gme@@e@@s36aﬂf@e;fam94nerr?és agd ipver g PIERYH ene- N
(PA-N) and PA-y %hll&%%@gbﬂn@d‘@y {oh®oiBR medBE IBRWYRAPLILALARE. 7 13
OCT 2006 WO 03/ 172 PCT/ US03/ 01474 The texturizing |ayer can be

fabricated as @T@Heﬁma frsxaEe, yapor depogitionspalyreerization (KPP), agpipiondrackss. ol une
fraction ofsthg h()ﬂg%@{@‘ri@d Be-B) tealhlqhéf'ﬁ&e'p\éﬁyrﬂeﬁcia@@réﬂaleﬁ %@Bséaq.ﬂﬁlﬂlaﬂbl@g bl ock

in the block c recursor. For ex le, a 24/10 /rmol) triblock
pol ymer (A(err§ (r@h#tl)))l a&ﬁﬂp@ipbl tmultzmnb@wﬁgrwmg ﬂmrﬁmcalfﬂdh.ﬂﬂf@mg oid

nor phol ogy of Suofs mat ri x
of silicon- con?ﬁ@%ﬁé\%ﬁﬁgg&&lg?&&e({ pcf Y QinXhé H%u%féﬂ)gm%%}w;%ﬁ]glrﬁ Py?cured to
f orm a nanopor ous d$e peeonethad, thBpolygricrhate Qmﬁedapnﬁrlﬂlisﬁu 4tive 19k / nol )

triblock polyngsiy{ A1 BARLoGRIRR etidbof ?vrbﬁ?as%%{.&auy 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 paraltel plate capacitor, and the capacitor is placed in a

vacuum chamber where parameters such as pressure and temperature are maintained at
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forman inverse double gyroid norphology of silicon-containing bl ocks(§e1%ese
pol y(PMDSS) networks in a matrix of hydrocarbon bl ock (e.g., polyisoprene 193
which can 10 be converted into a nanorelief structure. To formthe
texturizing layer 38, the polyneric material is deposited onto the

insul ative | ay, r0336% im "i ncl udi ng the sidewalls 36" of the P@i}gé’oh}ﬂﬁ‘/ 26', and
over the plug The polyneric material can be deposited by conventlonal
nmet hods known and used in the art including, for exanple, vapor deposition
pol ymer i zat i orpréd¢BRhinedlergls. rGasepup mouasss ofdhe deSirddpolymer filnBlodd gepositdd] - B)

techni que. The g%}ﬁ,é{?dggﬁe chaiiter @ﬁéﬂlﬁgedeté ﬁg ?)gtwteg) b Lk avaed o?% ates

radi ati on and 0 nrelre Oor ouS nano ruc res t hat
formthe textcapactbmgEtamples o 881'01;1 pdphergudeful inthe ﬁmmfncmlc prirglenes siches

1 ustrated erpod Bk tkfin £8) oo B PS5 HRNES ool BOIBIMIRL [iaflREr o1 can

be deposited onto I 'Asu posi
pol yreri zat§ onvoftusR} apphied tocﬂmﬂmrodma:l gegerktn alwdecamiﬁdd tdrebetwednghat 3G vesrto .

Briefly, a conventignal VDP ¢ e t|n our e material or
precursor to v%)paéjrz‘le%gn}oﬁomm ec%?gregmgﬁet%n%os N bot"ﬁé V(g[B%POI NTO nonomers by

pyrolysis at amoaiesusedcewd fbxmmm:ahwﬁtn omﬂd utafcenThnavnfaﬂsamramdd mol yneri zi ng

t he nononers on.a ubstr at. os n chanber. For exanple, a
paryl ene- N (PAe"Rﬂ"cf:fql ?:Sﬁﬁmgoémﬂﬂg QIE 3%P by heating powder

gu p-xylyl eneh( di mﬁ)némphmﬂﬂepﬂlﬁﬁbr(éfatpolyﬂﬁ?ﬁim BeFBRADR, hﬁenlip])dr?dtﬂoﬁﬁol; o
t t t
550 C. -~ and0  nERITRBAER PPN g DROTRARE AN e S 2Ue b dile BUBIRIEEARE | Som

tenperature andzoalisVpﬁbeﬂe&lt&mmnfratasowES(HOofuianQtemex@.ﬂg@htro@n:BS°ger m nute at
50 niforr. A poql%rrer filmcan, al so be deposited by field enhanced vapor

deposi ti on Hists tomperaspre abpy PR Togdeppsiiop prsssyre, phopt Mmipptesdeppsitiqn s,
Pat ent No. 6, Oge,afPa ﬁa@s&a}@mn%do Wcma{lmﬁg DPﬁaPﬁepbm@L@w{oe e e¥dairizh i s

i ncorporated b ref erence herejn. a an electric field is used to

enhance the rafi@d 5rPRIgA Sibenyibp 6'%"#‘1{"%%%69 FFERSF its PressHrecbeyond thadaseRISSSEE] m ont o

a substratgs Brief Itpe pSip@ertdiSthiaAt disd be ARSI BY alspindn YQhLigES RSy e tO
formone of two el ectrodes of a parallel plate capacitor, and the capacitor

is placed in asmyqeafihs Eﬂ&‘ﬁﬁ@rm%ﬂﬁﬁésﬂfﬁ%ﬁﬁﬁ%@s‘h@@é‘ﬂa‘% laype225upne and
tenperature ar gni&itphatbdifiindt afd plotedlng s¥p0Gn sdéQaQ%pﬁh@;’t,laZ?a freklahigR3/ 01474

predeterm ned | evel s. Gaseous nononers of the desired ymer filmto be
deposited, ar BoSkiYpprapacitor woyld be eamstmsied. Bxranplnsy W?’t‘@ﬁsf%ﬁﬁ%\ﬂroﬂet ween t he

el ectr odes or MI% iRdludeNBraf& 3 anlo? Ebou@@@rmh &5s,000 @MC&dQQLMHZﬁ{ s useful in
the invention include paryl enes such as

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



PA-N and PA-F, Teflon (i.e., polytetrafluoroethylene), and polynapthglf3€46
Sufficient 5 voltage IS appl ied to the el ectrodes to generate an elecCtric
field therebetween that serves to polarize the nononers w thout breaking
their chem cal bonds, and the polarized nononmers react to forma pol yner
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oxycar bi de Cerﬁdﬂ’sﬁ;cﬂ@ﬂﬁﬁéﬂlﬂ%&ﬂ%bodhﬁ&ﬁl %J&n&ﬁ&tsbbﬁateﬁﬁ%ﬁl{e‘d&d}ﬁed ayer 38’
As illustrated in FIG 2B, the textunzmg ayer is in the formof 9 13 OCT
va

2006 WO 03/ 06@1ngzzopgml@gbg¢tm 7sach as chemical vapor deposmon (CVD) or physical vapor
deposition (e.g., sputtering) for a conductive metal. The texture of the conductive layer

20  40'is generally predictable based upon the structure and topography of the underlying
texturizing layer. Preferably, the conductive layer 40" has a texture that has a generally
regular pattern and 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 sotution of sulfuric acid (H,SO4)

10



struts. The relative volune fraction of the hydrocarbon block to the;agcraoes
silicon-containing block can alter whether 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" overlyi ngwhbhsoddl49 24' in order that the 5 subsequent by g&RResn} €d
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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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pi ranha wet etch whereby the wafer is imersed in a solution of sulfuig 906
acid (H2S®4) 10 13 OCT 2006 WD 03/063172 PCT/US03/ 01474 and an oxi dant
such as hydrogen peroxide (1-1202). For netal capacitor constructions,
organi ¢ solvents such as ST22 and ST26 (ATM, Inc., Danbury, CT) and ALEG

820 (Nhllincgéﬁghggaker, NJ) can be used for resist strigggﬂgbg§§gsequent

process steps formed using techniques well known t illed in
the art. The wafer fragnent 10' is subjected to a hydrofluoric acid (HF)
clean to renoymtaaig) VSivexiaAgembivddyersaye préferably depitedQy € teripBRtukedfabout bot t om)
el ectrode 42', r exanple, by imrersing the wafer in an HF solution or by
HF vapor treat *, according to conventional nethods known in the art.
Referring to FIG Zhhepa_;ahhlianndhiemﬁstafétﬁedm@led%ateh@aa&féarawhewqeposi t ed

over the 10 rough surface of the | gwer electr i cally by CVD. For
si licon capaci f‘iﬁ\%gng ‘f‘ﬁ@‘e’iﬁ‘fr@”@é?yﬁ %8 35y 'thfg'" Faﬁr ?étng‘? V‘"%ﬁb‘?xg

silicon nitsi datomSaied¥p to aﬁgﬁwmﬂxalund‘eﬂpﬂgpmasrﬁs Tlﬁram&xﬁa;ﬂltaimatduel ectric

| ayer 48' is tantaug %entox de ( g F A conductive mater i.s then
deposi ted over TiFRziqngPerses the Prypderlayersat ndiths g pYrEaxegpy ﬁfi‘gf“ﬁ R&paci t or
plate el ect rOd&n&&srveHﬁﬁnﬂﬂor@ésQﬁéAQﬁ&nm forfPI RS A maefRAGHSH k3R Mat eri al
such as doped 15 ¥SI|ICOH or _.a conductive netal he conductive materi al

can be deposi t@ﬁteﬂ’n"r JHtige operdhedit dayerS’ o Jug straigrelist patismhatds formed caRbn &S, such

as CVD, or phygi ¥ #8hal d8REoh h&Rork(cBmBrisingSPHira Ry behit defl§ TRe et al pl ate,
to conplete theigﬁkac??gr struc%ure 52'. g; grrln %ow toeFI GS.. 3A through

3F, a secon@ eisbeeng ke Paefmlmsﬂnmse%W0¢ﬁ9@WPﬁk@ﬁ syrfacedislesatipescswi t h

reference to f Qe tnaysoPNRIBERINIIHRNASS. Suth AtGBBRGE EQErbRE, for ex&9p18ef erring
to FIG 3A a wafer fragment 10", simlar to the wafer fragment 10

shown at a prePﬂﬁ%ﬁ@ﬂVﬂﬁké@éé@ﬂhéfk?ébgg@ﬁgﬂmafer fragment 10" conprlses a

substrate 129, V‘Drﬂéférﬂﬁétojﬁ‘i& 31i%ncetﬁefémlﬁﬁ.§ 13%er BRGS ﬁﬁ'm&ﬁ) a1la)@f'4d"%?h” ative
| ayer 22", plug 24" cont ail ner efeerring to first

conductive met aondngtwemﬁab:bwag silveria phedllysratedheramplehean theg be ﬂgl?FléPﬂllﬂ/EaSI ayer 22"
to forman 1@“@5&@3&5& oxt E@Eéafyﬁs%" toq%‘ﬁ'gk‘eidwé?dm aPeiig plaaldoum (Pt)

in the illustrated exa rst conductive netal can be deposited
usi ng convent imstehis dapasieddn a gaseaus form aggording:ieicenyentieaplonethieds cps¢ferably by @vD) , or
physi cal vapor ., Hﬁ&hh&ﬂ ge g., sputtering). A texturizing layer 38" is

then forned by positin succe55|ve nonol ayers 56" of
The repulsive forces of the dislocation (relief) structures or nanostructures of the

texturizing layer 38" causes the depositing metal to aggiomerate 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 corrent HSG formation, the
"seeding” is not random and the cluster arrangement of the metal overlayer 40" is more

precisely ordered.
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30 a second conductive netal that is dissimlar to the first conductigr 2006
netal over the underlayer 54", the second conductive netal being silver

(Ag) in the illustrated exanpl e. Two monol ayers 56" of silver are depicted
in the exanple shovvn in FIG 3B. The second conductive netal can be
deposited usipg, ntional methods, such as chemcal v soSleRAsi tion
(CvD), evaporatl on %[7 nudsen cell), or physical vapor depositi on (e.q. 11

13 OCT 2006 WD 03/063172 PCTI US03/ 01474 sputtering). Silver (Ag) monol ayers
are preferably dep@atdbeloaer eedredgrer mfmmdmbmtpromépsm@eﬁqmdd Pt

retal avers A NENoGRNRR kRS B0k ARSI Gl 4 & sRhoRRMECAB00 RokERHl ting i1

the texturi zi nsmﬁa he" aihe the Ag
5 atons attenpbHG. 311 |th§;rcommhdrr Zﬁ'hxs filledieith a/bamger Ptesist) kapr@r44“l'mel thecvadictivesul ts i n
lattice msmatc Pt und rIa er ¢4 Qer ayers 56"
osul ting i oSt E & ol fom pot it pEE O pr AL ¢ RO o

| argely syrﬁretexamalb by tGNAP. nTheaJ asdépnctmnmmmthelbamm lafler@ﬂ"ells r&nhﬁre(mehayer 54",
The strain reI att%,n t ha trigonal

i d can be, far exa
di'sl ocation neb e Pogr i A ERGTAS evve it 8 PR BBty O 1 21 no
| ayer 38' pr efmtwhb\yerc(mmmbslmaewrsuddmmmhs pérfosied, a€ tirddiglea@gat i ons as
or der ed arrays, t ion ruct h a str re i s described,
for exanple, ﬁ%ﬁ?ﬁﬁpﬁor@% eﬁ?ﬁjﬁ‘?o‘ffr % Hf &%9@3‘13 Ref erri ng
to gl G 3D, ombledﬁcheeﬁlﬂ&iaul(dgzlcﬂ@ubmeeﬁeta}ﬁs dqﬁsnfeﬂgmdnﬂﬁté;aa&&odkﬂsr?"axf ba
conductive peta si.lver in ed e e n.then be
deposited 1 g’?@p}eighi)%ﬁgcémbﬂ?lﬁm’feﬁéh?gﬁt?ﬂ FRY Pngesc %@“s? P?Eil Bt he | ower
el ectrode 42" reMI&gG@ﬂHytﬁﬂinmUmﬁl&brlhﬁcodeﬂﬁ&toﬁ-ed in a gaseous form according .
to conventional nethods,. preferabl an oy ation t ue. The
repul sive forces of®fqPH ‘?I“’d@ 55’#“( '?"«Sf"ﬂ"“gg'? p dgsgbe rm 8F MB%Et ures of
the texturi Zid}gesbépéeiﬁc&?tosﬁ@dﬁ&ﬂ%ndﬂahm&hﬁ&eﬁgltmbﬁéuﬂ&rsﬁ)@@,'lﬁ%%ﬁte and
formi sl and cltgsters i.sl and tlons of the conductive netal

| ayer 40" i ncr8gide ‘PYF@“%'UFP%@&“‘Q? E’afh?ﬁpe‘fl featiies showa apdidasergied. sineeitieur e whi ch

is useful §9r hass B&&ﬂd:s&@d&d%xﬁ;ﬂﬂ@ﬁrefeﬁ’@&foﬁﬁ§wﬁxhiﬂg theqmﬁw‘ntmtveffb&yﬂse 40"
conprises general ly egﬂall spaced structures conpri sing conducti ve

metal . It is pPEmnEpsisdheriate, E}Q@E@)ﬁ@“& P ipdprmser H’@ﬁ‘gg"ft'f’éﬁw‘éhm ShePEReER enper at ur e
of about 100Kschie cFaRbppchdiiclaimhippropiitel§ iferpritel ikt o8t With e dobtHSd &

i sl ands, prefer abI% in 25 which one island cluster nucleates within each
network unit c®MVagptst he underl ying
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texturizing | ayer. Besides the described Ag cluster arrays, the conductive
| ayer 40" can conprise, for exanple, cobalt (Co) clusters on a texturizing
| ayer 38" forned by annealing nonolayers of copper (Cu) deposix@cr zoesa

pl ati num (Pt) underlayer, anong other netal 30 conbinations. The relief
pattern of the texturizing |ayer 38" functions as a "seed" |ayer for the
deposi t i nGVHRAIRRIS CM!IM:ED\IS overl ayer 40". However, unlike current HSG

formation, the see random and t he cl uste rrangenpent of the
metal ovedl aye® wethoggrt] f%r%wlta? ggtenge. qoznr-wn@d%eémeofme WO 03/ 063172

PCTI US03/ 01474 1 eProcess
steps are perfgémngggggg?f]ﬁgﬂ?epc?ﬁ? %L%tgg‘?@%%g léﬁ% BQ%ro% gﬂ%ﬁgﬁéﬁ?ﬂg%n the art
to conpl ettfe(mrin'mghpaaidmprisiﬂgeﬁmrdcm@ arrgpofaBostBEturehef substanatialbrudfeimi s
filled with a barrier (resist) layer 44" and the conductive netal |ayer 40"
i s renovedISHAAN ont al surfaces 39" of the insulative |ayer 22", for 5
exanpl e, by CMjepokieiy a&ﬁdﬂ&ﬁie%ﬁénélrbvgllﬁe p%i:mefrf‘&%e)&ﬁﬁilhgﬁa#e@ibef'onﬂ‘}he I's
renmoved from the cont al ner 26", a cleanprocess to renove
native oxﬂwrfcapﬁatbhelestwdedlamngcn‘rouglmnledawfac(ebottorr) el ectrode 42", such as
an HF clean, is performed. Athin dielectric layer (e.g., Ta2(p) 48" is
conformal |y deposited over the | ower el ectrode 42", and a conductive
material ge.g. Aﬁ%@ﬁ%&cwﬁnﬂga@d&erlcapééﬁepabét%et&)rﬁﬁimgmes g%ﬁ' ectrode 50"
to 10 conplete the capacitor structure 52" he top el ectrode can al so
conpri se pol ysiférimgoma com‘snhahm:@fmmcatewnzmg lawt ah An irssulativvo ldysi, Ithe on
capacitor. Ln.conpliance with atute, the inventjion has en.descri bed
in | anguadfEHARE fayer qOmprisigAn, qrﬁgreélgrrfl\bofsqapaﬁt{wF ﬂlbﬁ@f“r%@ WO ot ur es.
It is to Reeupderstood, however, that the inventionis not limted to the
specific features shown and descrlbed since the 15 neans herein discl osed
conprise pref erfmmjng @m@t@ﬂv@lﬂwcn orythe Ipelyimrevieriextonzingiayertof foon therfower
invention is, egrcglfo%?ﬁl cl ai n%ln an of its fornms or nodifications within
t he propef? a§3 © Bving aIRiEhsned SITHASC-appr opriately interpreted in
accordance W|th the doctrine of equivalents. 13 13 OCT 2006 WHAT IS

CLAI MED | S:
3. A method of forming a lower capacitor electrode, comprising the steps of:

depositing a conformal layer of a polymeric material over an insulative layer;

treating the conformal polymeric material layer to form a polymeric texturizing
layer comprising nanostructures; and

depositing a conductive material over the polymeric texturizing layer to form the

lower capacitor electrode having a roughened surface.

4. The method of Claims 1, 2 or 3, wherein the nanostructures are porous structures.
5. The method of Claims 1, 2, or 3 wherein the nanostructures are relief structures.
6. The method of Claims 1, 2 or 3, wherein the nonostructures are relief structures in

the form of struts or gyroids.

7. The method of Claim 3, wherein the polymeric material comprises a hydrocarbon

block and a silicon-containing block.

14



1. Anethod of formng a |ower capacitor electrode, conprising the steps of:
formng a conformal polyneric texturizing |ayer over an insulative |ayer,
the texturizing |ayer conprising an ordered array of nanostr uBstareEnef
substantially uniform dinensions; and depositing a conductive material over
the polyneric texturizing layer to formthe |ower capacitor electrode

havi ng a Bough&heeheshud afa®ain? 7, Whéremhh)ﬂstqﬁ ofmmmggomphsampoapgdiet or

el ectrode, corrprls t he steps form ng a confornal nmer i c
texturizi AgPEyd bﬁg fPﬁ@UPléPY‘iféo pzgRsande tmm@&@%%uﬁgm §erdialpfr i sing
an ordere%%afxeggm@ﬁg&ﬁlteguctures of substantially uniform size; and
formng a conductive |ayer on the polyneric texturizing |ayer to formthe

| ower capacitor el ectrode having a roughened surface. 3. A nethod of

formng a_l owe Clt eJe onprisi.n he. st eps of depositing a
conf or mal I aye:‘rh i‘ g Wﬁ‘ir@tnltg? @WFTI%%#%F%{P ?Sla V?@‘}mg treating
the conf orpioPHy tMérﬁf/dtﬁczﬁ:%I?Blo@k rd|8¥R o IR Jlﬁ’édi&lé%m%h}ig%[dcﬁ tb otk d fedibNg

| ayer conprising nanostructures; and depositing a conductive material over
t he pol ynstrugueext uri zing layer to formthe |ower capacitor electrode

havi ng a roughened surface. 4. The nethod of Clains 1, 2 or 3, wherein the
nanostructures are porous structures. 5. The nethod of Cains 1, 2, or 3

wher ei n t g nanggs ifacddiRSamt 8, \R/ﬁérbﬁfth@f)élyn%ﬂé ﬁﬁtenaﬁcoﬁpﬁsea\a%ﬁdn@f d ai s
1, 2 or 3, wherein the nonostructures are relief structures in the form of

struts or ﬁgytnrm efghe Rydrrparbome blooki raativel taithe sBliconkeemédiming lbéocldd Jorar 4 pomus er i al
conpri ses‘ﬁ%%lg drocarbon block and a silicon-containing block. 14 13 OCT
2006 8. thod of Claim?7, wherein the step of treating conprises
exposing the conformal polyneric material |ayer to ozone and el ectromagnetic
or ultraviolet radiation to formthe nanostructures. 9. The nethod of C aim
8, whereidlthe Tpglrry:mlmd of Glaine 7| whereiarthe pdpmeric vatariabcothprsssiadnblotk t he

hyd b | ock t to t il - t ai. nj | to f li ef
ot ruct ur econgygtl Gt Bt rior it SRRERm ity fredfbeh iR ' °
conpri ses"p" h’éﬂdl'ﬂﬁer is the silicon-containing block.

12.  The method of Claim 11, wherein the hydrocarbon block comprises polyisoprene,

and the silicon-containing block comprises poly(pentamethyldisilylstyrene).
13.  The method of Claim 3, wherein the polymeric material comprises
poly(dimethylsiloxane), polyisoprene, poly(pentamethyldisilylstyrene), or a combination

thereof.

14.  The method of Claims 1, 2, or 3, wherein the polymeric texturizing layer

comprises a silicon-comprising ceramic.

15.  The method of Claim 14, wherein the polymeric texturizing layer comprises a

silicon oxycarbide ceramic.

16.  The method of Claims 1, 2 or 3, wherein the lower capacitor electrode is

integrated into a DRAM cell.

15



fraction of the hydrocarbon block relative to the silicon-containing block
to forma porous structure. 11. The nethod of Claim7, wherein the
polymeric material conprises a triblock copolyner of the type13&id@Aios wher e
the "A" copolymer is the hydrocarbon bl ock and the "B" copolyner is the
silicon-containing block. 12. The nethod of Caim11l, wherein the

hydr ocar ban. FI ?clhemedpfﬁc&f&gngwba@asm@f ednﬁl)msmg\ﬂwtsa&pssfl ihcgn ]tc:orc]]t ai ni ng bl ock
conpri ses poypentanet yl di si styrene 13. The, nethod 0 aim 3,

wherei n the poM§RRSHING Fetndermal aaswg ¥megie,Mategiah it QPIARGIRER,

pol yi sopr ensiatiR ? Cfgent anmet hyl di silyl styrene), or a conbination thereof.
14. The net hod ains 1, 2, or 3, wherein the polyneric texturizing |ayer
conprises a si fforcong thempiymeéngmeteriaitayer ifb an DndereatgdofofanGtaictrdsiof wher ei n
the polyneric texturi.zing |a ger conprises a Si |con ox carbide ceramc. 16.

The met hodufsfangiplly ppifgrm ens aﬁe’ftH% 9 rl?or el ectrode is
integrated int gedhsHEAM &ﬁl'd{lctlvje%étgn t@fﬂgﬁext&?zed'%olﬁﬁé}Ma%r 1b 84 5‘9 a

capacitor, conpr|5|ng the steps of 5 epositing a corifornmal” layer of a
pol ymer i clcrmﬂmapza;htor electrade; openi ng in an insul at| ng | ayer; formng the

olyneric mater aI a nto an ordered arra str ctures of
gubgt an!ti ally I ?rﬁlﬁi I @gqsovte{)&p JPyerLapy pap]egg ep@wmgmelrji c layer;

depositing a C@Qﬂi«&ﬁiﬂ Vaecdiﬁhétwe%at&‘i'ﬁl%v&%eﬁf‘e‘!édtﬁé BSE: BIbYTRA 'uﬁgérayer to form
a |ower capacitor el ectrode formng a dielectric’layer over the |ower

capaci t or caiasttorrddél;odarhdvmgepoaghenﬁgswifa@@nduct| ve material over the
dielectric layer to forman upper capacitor electrode having a roughened
surface. 18. The nethod of Claim 17, wherein the polynmeric material is

deposi t ed 1@nt 0 TRe nfe(ﬁitﬂittqt@mﬁn Py %h&&ﬁ%ﬁblym&m Maldp@l RRRPbIGIJA 4 N
electrical contact with a diffusion area, and a portion of the texturized

pol yner i c corudpetivé Blug@ms@d mtimeﬂp@menmgend:mﬁiemncaleonqacuglﬂpa diffusiam
depositin or,m t he | ower, el,ect r ode.

16 OR Tt sty SRS bt oo TB i ol e B rer Rl T SRS LB coB TR of o

the steps plug prior to depos1tmg the conductive material to form the lower capacitor electrode.

19. A method of forming a capacitor in a semiconductor device, comprising the steps
of:
depositing a polymeric material comprising a hydrocarbon block and a silicon-
containing block onto an insulative layer; and exposing the polymer material to ozone and
electromagnetic radiation to form a texturizing layer comprising nanostructures; and
forming a conductive layer on the polymeric texturizing layer to form the lower

capacitor electrode having a roughened surface.
20.  The method of Claim 19, wherein the polymeric material comprises a triblock
copolymer of the type A;BA;, where the “A” copolymer is the hydrocarbon block and the

“B” copolymer is the silicon-containing block.

21.  The method of Claim 19, wherein the polymeric material comprises polyisoprene

and poly(pentamethyldisilylstyrene).
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of . depositing a polynmeric material conprising a hydrocarbon bl ock and a
silicon- containing block onto an insul ative |ayer; and exposing the pol yner
material to ozone and electromagnetic radiation to forma texiupdeemg | ayer
conprising nanostructures; and form ng a conductive |ayer on the polyneric
texturizing layer to formthe |ower capacitor el ectrode having a roughened
surface. 20. ThRemetioded{aiif} aicapatBor inhaesemicontibetopddwere comprisihg theakeps

conpri ses triblock copolymer of the type A1BA2, where the "A" copol yner
is the hy@ocarbon block and the "B" copolyner is the silicon-containing

bl ock. 21. The m& &l -al %\ﬁﬁ 1 I}eC i rises
pol yi soprene gn Spo f%g%ﬁ@%m Sl rgﬁag?%/%r@?w%atl ag%%'&%% 6en . A

met hod of ifi em msnigting bypaand expdasmgahs pollymerid uctaial tevliraeiolat cadpationiand t h
steps of. defﬁosfjtin a si.IiffS,n-co rising hydrocarbon palyneric naterial
"Nt 6 an 0BRSS 10T Sevtyriing BYPT s silead S FEBI SoTREC BERSTRIFRES ot or i al
to ultraviolet gradhaticghnrfde la%P&?thTeQeJt&"iﬂhéla&@f%%hﬁ 'aﬂ&wéﬁééﬁﬁcifb?”p“ sing

silicon oxycarbide ceramc nanostructures; formng a conductive |layer on the
text uri zi migciragechaving 4 mughenddowdrcesapaci t or el ectrode havi ng a roughened

surface; form a dielectric |ayer over the l.ower capacitor electrode; and
forning an uppg‘?‘fﬂﬂa%ﬁgli‘eﬁwn%&é'ﬁ‘t VSHQ%Q@?WW@“ r&k@ﬁ’?&?’@.‘l ayer. 23. A
capaci tor, CoMginfihPan ufpdrQURciteABIRGHIR Ve BE WSS RNEY | Sing a conductive
| ayer overlying a confornmal " polyneric texturizing |ayer conprising an
ordered array of polyneric nanostructures of substantially uniform

di nensi oné' a diel ec.ttri c layer overlying the | ower capacitor electrode; and
an upper ¢apaci g hct Werlying the dielectric layer. 24. The

capaci tor of ChabirApadiiReRifodd\ SorRH YIRS EdndueMRd il RErllRYAlcofIRAL] Ses a
silicon-conprising ceramc. 25. A capacitor, conprising: a [fower capacitor

pl at e conpelysieng textunzidg dayev eorhpiysing avendexed agrap of polfyoyenia Inangetfugieasiof
texturi zi ngbl ayer co ri aj ng an ordered array of polynmeric nanostructures of
stbstamtially iniform dimensions;
a dielectric layer overlying the lower capacitor electrode; and

an upper capacitor electrode overlying the dielectric layer.

24.  The capacitor of Claim 23, wherein the polymeric texturizing layer comprises a

silicon-comprising ceramic.

25. A capacitor, comprising:

a lower capacitor plate comprising a conductive layer overlying a conformal
polymeric texturizing layer comprising an ordered array of polymeric nanostructures of
substantially uniform size;

a dielectric layer overlying the lower capacitor plate; and

an upper capacitor plate overlying the dielectric layer.

26. 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.
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substantially uniformsize; a dielectric |layer overlying the | ower capacitor
pl ate; and an upper capacitor plate overlying the dielectric layer. 26. A
capacitor, conprising: a |lower capacitor plate conprising a coixwet g | ayer
overlying a texturizing |ayer; the texturizing |layer conprising
nanostructures conprising a silicon-conprising ceramc; a dielectric |ayer
overlyi ngayhe Mawehapseappst €RIm RbakBireidARHe pﬁﬂm@ﬁ@ﬁxuﬁ%@la & cobdpises pverlyi ng
the dielectric layer. 17 13 OCT 2006 27. The capacitor of C aim 26, wherein
t he pol ymsilicen peyaathifly tergmicayer conprises a silicon oxycarbide ceramc. 28.
The capacitor of Caim 26, wherein the nanostructures are porous structures.
29. The capacitor of C aim 26, wherein the nanostructures are relief
structuresg. 3@he ThshcRaPSCClalh 26f whérdinthe Banokith@ied bRt IritsStdctiraM cel | . 31.
A sem conductor circuit, conprising the capacitor of aim26. 32. An
integrated circuit, conprising the capacitor of Caim26. 33. The

integrated,cirguit of.Claim 32, further, conprising. an ar of menory
col 1o “and"! noe sapicisps & it 26, Hhora g RRLRERS oR B Rieest W thi n an
opening in an insulative |ayer over a substrate and in electrical contact

with an active area within the substrate. 18
The capacitor of Claim 26, integrated into a DRAM cell.

31. A semiconductor circuit, comprising the capacitor of Claim 26.

32.  Anintegrated circuit, comprising the capacitor of Claim 26.

33.  The integrated circuit of Claim 32, further comprising:
an array of memory cells; and
internal circuitry;
wherein the capacitor is situated 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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