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| NTEGRAWEDIGSRCEUI T STRUCTURES CONTAI Nl NG  ENHANCED- SURFA@R@%BU TOEC 0ok
CONDUCTI VE LAYERS Field of the Invention This invention relates to

sem conductor devices and the fabrication thereof, and particularly to
rut heni um cont ai ni ng conductive layers and the formati on and use
thereof. 10 Background of the Invention A capacitor generally includes
two el ectrical conductors in close proximty to, but separated from

each other. The two conduct or ~B p the capacitor, and
may be separated by a dielect Wﬁ?&%@@@ol tage is applied
across the pl ates ,qy) gNGFRERATHD CTREUTT SERUCPURE SSCONTAINIBG on t he
plates. If the 15 plates are electrically isolated essenti all

i mredi ately after aRNHANGED-SUARPACEIARE%CONDUGTRED e may be
stored on the plates, thus "storing" the applied voltage difference. The
fabrication of integrated circuits involves the formation of conductive

| ayers_for use as various circuit ﬁ@@ F! 'gﬁl udi ng for use as
capaci?or plates. 20 Menory ci rcm% ) € Thventd Ms the |ike, use
conducti ve | ayer sThi ih®intioh Relatep RPsnilgordusioe 8evitessindrtbg fabriedtioncthgraed, t or s:
The drive for higher-performance, |ower-cost integrated circuits dictates

ever - decr easimipaiadafipto mithtiniunsantaming ¢andustive layes and e formatignapd age
capacitors. Sinpce capacitance of a capacitor (the amount of charge that
can be stor e¥ffd3®T40B5 function of applied voltage) generally varies wth
the area of capacitor plates, as the <circuit area occupied by the
storage capacitor decreases, it is desirable to take steps to preserve
or ingpease capacitance despit Badkers pemblolld area, so that

circuit f ti [ it . sed | OUS. S . .
Cherease of pr esoAIRSSIRL SRR s dE cBETioRL ey PRI piRhy
area. For eX%TBthengattﬂ ﬁ'@llng SachRAer NThB n9H BsndcRr€fdrhil the “plates™ of the

capacitor, and may be separated by a dielectric material. When a voltage is applied

dne ap

across the plates of a capacitor, electrical charge accumulates on the plates. If the
15 plates are electrically isolated essentially immediately after a voltage is applied, the
accumulated charge may be stored on the plates, thus “storing” the applied voltage
difference.
The fabrication of integrated circuits involves the formation of conductive
layers for use as various circuit components, including for use as capacitor plates.
20 Memory circuits, such as DRAMs the like, use conductive layers 1o form the
opposing plates of storage cell capacitors.
The drive for higher-performance, lower-cost integrated circuits dictates
ever-decreasing area for individual circuit features, including storage capacilors.
Since capacitance of a capacitor (the amount of charge that can be stored as a
25 function of applied voltage) generally varies with the area of capacitor plates, as the
circuit area occupied by the storage capacitor decreases, it 1s desirable to take steps
to preserve or increase capacitance despite the smaller occupied area, so that circuit
function is not compromised.
Varjous steps may be taken to increase or preserve capacitance without
30 increasing the occupied area. For example, material(s) having higher dielectric

constant may be used between the capacitor plates. Further, the plate surfaces may



constant may be used between the capacitor plates. Further, the p'ﬁgt'PDEC 2004
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i ncrease the effective surface area of the plates without increasing the
area occupi ed by he capacitor. One nmethod for providing a roughened
surface for a plate of a storage cell capacitor is to formthe plate of
hem spherical grain polysilicon (HSG, possibly 5 with an overlying

nmetal |ayer. The hem spherical grains of HSG enhance the surface area of
the plate without increasing its occupied area. HSG presents difficulties
i n fabricati barovzhessdto, intressihe efféctivh suffarermtd ofthe platssiwitheahugiaginge on
and near the HSG A silicon dioxide |layer may formon the HSG

parti cul ar | ytheueheccdpppddmhickirasiiorne capacitor's dielectric |ayer. Even

with 10 an interveni L r L1414 on of
the dielectric | a?&ﬁr}g%@ﬁa %}rfﬂfr%g{nlg%rrgﬁ eﬁ%%gpf@%%}%f%%gélI
silicon di oXisigacabr ishE foxah #iviglite afherbidpliaival gl palgsilielnf (HSG)0podstbipugh
the nmetal layer nmay al so produce a silicon dioxide |ayer between the
metal &nd t havithi 2 exerlying meipblayer. Fheihsorsphieoigaldsaipe {8 aohandedbal | ayer
and t he HSG CL%!} deq(%r ade th 15't§| ectrical rtgnt act dto t he metal capacitor
pl ate surfacéWidge Feanl he Hlate P RIRASIRIS QLRI ASA and t he
dielectric |ayer 3 hEAme 6 o tHeformation
capacitor. To atterrp% %?%%g@%k?ﬁggﬁgggtivehﬁ?‘tgg’?}geggsuggd by formation
of silicon difsiticde dicxidt érf arsl woar brHSGr Al silieon drayidb dayenplay femn bethgeen

the HSG and the netal = 20 |l ayer. But inp.the typical .capacitor_geonetry,
the greater thOiRarbgulalnfwingdenogiiep §£ﬂﬁf@pf‘ &’éé?hecl?ég? & r & e?nwﬁtilnum
area ogfupi e i | e BEm'ROBEposiHiSh iR AR BlcbRENayer
addi ti goﬁal I %?2‘3“%‘%%’61?‘92@ fc? érrpljté%g{’ﬁg&gt enggl to %pgss nmoot her t han tyhe
under | yi ng swahdéfuseriadugh tig: mbal laper foandnl silicémdiexsiecabthepolysdegnby t he
HSG 25 Summary_The present  inventjgn progi/' des an enhanced-surface-area
(r ough- sur f adeEfjce opicen fRisionarough HsLrRl 2YFH AY ASYRIVES RETIPR
constant mat gL ahs la%ldbé{%&r'{he' HethlYd the dielectric layers.
Silicon dioxide between the metal layer and the HSG can degrade the
15 electrical contact to the metal capacitor plate surface. Silicon dioxide between the
metal layer and the dielectric layer can decrease the capacitance of the resulting
capacitor.
To attempt to avoid these negative effects caused by formation of silicon
dioxide, a diffusion barrier layer may be employed between the HSG and the metal
20 layer. But in the typical capacitor geometry, the greater the total number of layers,
the larger the required minimum area occupied by the capacitor. Further, the upper

surface of each additional layer deposited over the HSG tends to be smoother than
the underlying surface, reducing the increased surface area provided by the HSG.

25 Summa
The present invention provides an enhanced-surface-area (rough-surfaced)
conductive layer compatible with high-dielectric constant materials and useful in the
formation of integrated circuits, particularly for plates of storage capacitors in
memory cells.
30 The enhanced-surface-area conductive layer may be formed by first forming
.‘ a film having two or more phases, such as iridium and iridiwm oxide phases,

ruthenium and ruthenium oxide phases, thodium and rhodium oxide phases,



formation of integrated circuits, particularly for plates of storadéd 0EC 2004
capaci t wigspijoez77menory cells. 30 The enhanced- sur f ace- ar eRC GBSV e

| ayer may be fornmed by first formng a filmhaving two or nore phases,
such as iridiumand iridium oxide phases, ruthenium and rutheni um oxi de
phases, rhodi um and rhodi um oxi de phases, 2 WO 01/95377 0 7 DEC 2004

PCT/ US01/ 15583 pl ati num and pl ati num rhodi um phases, and the |ike. The
filmmay be fornmed over an underlying conductive |ayer. At |east one of
the phases in the filmis then selectively renoved_ from H)hei: film

| eavi ng at Ipbdistimoams] piatinie- Mw@hwﬁgm%@llk%rme film may be formed over

enhanced- surface-ar.ea conductive layer. 5 |lp.an,jl|uskr odi nent, a
phase of a |aay§§erﬁ‘3§n88%‘5@ M i?y%a‘gée%ﬁtﬁp? P]gt&e pgéﬁe%‘gi{e]leﬁlﬁgsﬁ?rq-remved
phase. The pi 6\?@ LGt eving ANGSt dreroTesk SHased brdindoo-fosnoved
phase. An " ?%%ﬁ%@%ur afg:m;ﬂrtruﬁy al’sovggforrred by thlgfl differenti al
removal , then®uhimed-soffavdrimeh comjuctinelayele some pits. Any suitable

sel ective renoval_ process may be_enpl oyed, such as an et roces r
etchant, wet 10 dpaanilustraied crabedientonpbasg ézzé?%r B rﬁﬁ'@ﬁe(g{éelg?v&a Wﬁ?‘g t han

an other phase, Thernmal tr g : SHRYNorh&EBNI ques

may al so be S ?“’o@%’d“mrﬁe &%gl%(lla]% \@%Eemv%hagf%‘ggg%%gdregﬁerent lally

removes t he {pogomiaséved piayé. nan &ispintédtueface fag biso de ddrsadriyatbe of the

other phase. In the case of an islanded surface having separat«i or

i sol ated i sldiffasptishremevel; e sugfacoeicwiuch waylingfade some ity AAYEOENg 15

electrically copnect the isl|lands.. The | I r It i I'wet

i sl anded m_atsﬁfef’ﬁy? rerRQy Rl PRAEESS PR, 0§ l"loﬁ%grs P%aﬁgﬁ_{%&n I@tg?s\eg} thg%c?’,wFf

any, GeNsti gty Bt SONAWME Phast bl b AGRH FrEferghte thidn alther phasyd Ulitarmel | ayer .

The enhanced-surface-area conductive |ayer may be used to formll;gerpl ate of

a storage cadadé¢dmchemicahsdlentivgremaal techrignes mayalpe be employedeFlt y cel |

of a DRAMor 20 .the like. |If the.mat.erial chogen. t :

enhanced- su r%‘é&@y 5@%"%‘3‘3 RIRFEDS ngfefeé@‘@'ﬁy TGHoYR P’aet R 311{’7‘9 elr’ Eeg g }’lshge? itgd or

oxi dat i on- i nqueeskHRGHRASESHE BitePPEHIE! invihe Yaseof@h idandudtstrfaceidvary um

oxi de or other oxygen-containing conductors, for exanple, then the
separate or isolated islands, an underlying conductive layer may physically and

15 electrically connect the islands. The layer of remaining pitted or islanded material,
together with the underlying conductive layer, if any, constitutes an enhanced-
surface-area electrically conductive layer.

The enhanced-surface-area conductive layer may be used to form a plate of a
storage capacitor in an integrated circuit, such as in 2 memory cell of a DRAM or

20 the like. If the material chosen to form the enhanced-surface-area conductive layer
is relatively resistant to oxidation-induced decreases in conductivity, such as with
ruthenium oxide or other oxygen-containing conductors, for example, then the
tendency toward silicon dioxide formation may be reduced or eliminated, providing
improved compatibility for use with high-dielectric-constant dielectric materials.

25 An intervening metal layer and/or barrier such as used in the HSG approach may
also be used, but is desirably omitted from the capacitor structure, allowing smaller
dimensions for capacitors with the same or even greater capacitance. This allows
the design and fabrication of higher speed, higher density, and lower cost memory

circuits.

30



tendency toward silicon dioxide formati on maybe reduced or elim nat7&){,t 2004
provi di Y& 01193 7oved conpatibility for use w th high-di el BCTSeH 685t ant
dielectric materials. 25 An intervening nmetal |ayer and/or barrier such
as used in the HSG approach may also be used, but is desirably omtted
fromthe capacitor structure, allowing snmaller dinensions for capacitors
with the sanme or even greater capacitance. This allows the design and
fabrication of higher speed, higher density, and | ower cost nenory
circuits. 30 3 07 DF C 2004, WO ;195377 PCI/USQ1/ 18583 Bri ef
Description of the Draw ngs Hief Descriptionof she Dyawings, of a structure with

| ayers used in a x[mlﬁ - ' ne e ' t of
the present i _nve!r@; ?bﬁ. &Q; sf@?gx?éf’%?tﬁ%@ﬁ%é@ |82&8§‘9‘%‘ﬁ‘§e”|"§3g‘?‘g?% |G |
after separ ptdcess attordnglto\ohk aidbodnhén? Bf He SHERAT MventRfiases Wi thin one of
the layers. FIG 3 is a cross-section of the |ayers of FIG 2 after

preferential renb¥al 2 isfa crossesegtion hithghaycesof FIGG] afte separatioo®s section of
the | gyers of G .3 after formation,of a dieglectric |ayer on the
structure. f@’sébéangn PES?W%B@S%W%W%O%‘%&V%@HS of FIG 4 after
deposition of a pegNIUCE LY&-dRUEN oPihe1i\RrShf HE] YA rglleﬁraﬁba'gl/ rerfloval of

cross-section of a contal ner capacitor “structure produce a process
of the presentoftiephbsesn and included in an integrated circuit. FIG 7 is
a conputer gener%&{gd plot of an X-ray _ diffraction study of a 15 i

r ut heni um cont ai FiHg? 15 3 FPEOERtPRPLIRE layss efkler 3 pfter foraanomp! 3 dislselic of

r ut heni um %}eﬁbﬁ% Sfukd ption The present invention allows the creation
of a surface-area-enhanced conductive |ayer that has inproved

conpawi bi |ty wi FIGhS gha ctosd ®etion 6f e Maeddf FIZN) 4(aflet 88poditioh offiael ectri ¢
materials. This is achieved by formng a | ayer of material having at
| east two pleardnstivejayer on the structure.

FIG. 6 is a cross-section of a container capacitor structure produced by a
process of the present invention and included in an integrated circuit.
FIG. 7 1s a computer generated plot of an X-ray diffraction study of a

15 ruthenium-containing film both before and after preferential removal of ruthenium.

Detailed Description

The present invention allows the creation of a surface-area-enhanced

conductive layer that has improved compatibility with high-dielectric-constant
20 (“high-x") dielectric materials.

This 1s achieved by forming a layer of material having at least two phases, at
least one of phase of which is a conductive material. The layer may be formed over
an underlying conductive layer. The layer may have two or more phases in an as-
deposited state. The layer may also be treated in physical and/or chemical

25 environments, after or during deposition, which environments enhance, control, or
inflvence the development of zones of different phases within the layer.

After the layer having at least two phases is formed, at least one of the
phases is selectively removed, leaving at least one of the phases of a conductive
material behind. The remaining conductive phase or phases form, together with the

30 underlying conductive layer, if any, an enhanced-surface area conductive layer
which may be used to form a plate of a storage capacitor in an integrated circuit,

such as in a memory cell of a DRAM or the like. 1f the material chosen to form the



| east one of phase of which is a conductive material. The layer naf 7d¢( 7004
formed @vegiosat underlyi ng conductive |ayer. The | ayer npgTAa&avEIsss®o or
nore phases in an as- deposited state. The layer may al so be treated in
physi cal and/or chem cal 25 environnments, after or during deposition,

whi ch environnents enhance, control, or influence the devel opnent of
zones of different phases within the |ayer. After the |ayer having at

| east two phases is fornmed, at |east one of the phases is selectively
renmoved, |eaving at |east one of the phases of a conductive material

behi nd. The enmangedisngaceeardacondpetiyshlayer is relptinedessisonhio wadpstiondndygedh t he
30 underlying conduyctive layer, i.f any, an enhanced-surface, area

conducti ve | VE?SCS\%FW“HE\?&@S &fé‘il&ﬂt%‘ygm-ﬁ?rﬁmﬁ}%cé’na?“% LEBAS ge
capacitor i i ' i | r atign DRAM
or the 11 ke ToBR SRS 6 ofinlh den EWRCAS, phafh JTRNGBLS St 004
PCT/ US0L/ 15555 \nmeanedacr ehidinsied greddiog iaiynived eonpatévlitydor mleabilv bl
resistant to oxidation-induced decreases in conductivity, as with an
oxygens cont alielegigcconstanidaslesuie matgsials: ut heni um oxi de, for exanple, then
the tendency toward silicon dioxide formation may be reduced or
elimnated, providing inproved conpatibility for use with high- 5

di el ectric-constant dielectric nmategisahsle ERsyihentEmbodi ments In

accordance with a specific enbodi ment of "the present invention, a
sur f ace- ar ea- enhancedordamatueith v spdcaficeembadiment afthepresent ynvgnhomraent i al | y

renoving 10 rutheniumrel gtive to rutheni um oxj fr. a.filmor.layer
cont ai ni ng C¢-gteh %ﬁﬁegﬁﬁﬁl ngye Fﬂ?ﬁ’é’ﬁy mc&?{egiy(c&ﬁ{& t%l?yarseggo_wnghe
diffegentialyiRRRYA feafVedt Fieniuth MRS HBAA R or HRE dofieiNEbbihe

preferential renoval of rutheniumrelative to rutheniumoxide in the
| ayer. For epxéephan (Rijeandantheaiunmasidéd Ru@s)phasesd The differentiabresiemal  and/ or
etch process that preferentjally etches rutheniymrel ative,to 15, .
r ut heni um oxPT@Ecss; J@ébﬁsﬁﬁalaﬁleeméih‘b"é’&f‘s%?i) @"%ﬁl"’gécqﬂ% of pa;TRlgtive
rut heni um oxi : a | with
formed on a fséurggjgﬂ-[l?ﬁaﬁﬁé LAGR 1AL RGN DARTE tRORAICAT M8y bEY&TorfiRY

an etchant and/or etch process that preferentially etches ruthenium relative to

15 ruthenium oxide, leaving an enhanced-surface area layer comprising ruthenium
oxide.

The surface-area-enhanced conductive layer may be formed op a supporting
structure 10 shown in partial cross-section in FIG. 1. The supporting structure may
be any structure present in or on an integrated circuit during the fabrication thereof,

20 but is typically a conductive material that will be in electrical contact with a
capacitor plate formed by the surface-area-enhanced conductive layer.

An underlying electrically conductive layer 12 may be formed or deposited
first onto the structure 10, such as by chemical vapor deposition (CVD), sputtering,
or another suitable process. The layer 12 is typicaily of a thickness at least sufficient

25 to maintain continuity of the layer 12, such as at least about 100 Angstroms. The
layer 12 may be formed of any suitable electrically conductive material, but is
desirably formed of rutheniumn oxide.

An oxygen-deficient non-stoichiometric ruthenium oxide (RuQy} layer 14
may then be deposited or formed, also by CVD, sputtering, or any other suitable

30 process. In representative examples, the thickness of the resulting RuOy layer 14 is
between about 1 Angstrom and 500 Angstroms. The RuOx layer 14 may then be

annealed to facilitate crystallization of a ruthenium phase and a ruthenium oxide
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structure 10 shown in partial cross-section in FIG 1. The supporting
struct uwe omm§37ibe any structure present in or on an intéﬁﬂé?%gﬂéﬁ?cuit
during the fabrication thereof, 20 but is typically a conductive
material that will be in electrical contact with a capacitor plate forned
by the surface-area-enhanced conductive |ayer. An underlying electrically
conductive layer 12 may be fornmed or deposited first onto the structure
10, such as by chem cal vapor deposition (CVD), sputtering, or another

i tabl . .The | 2 i i.call [ :
Suff i ont G890 TR s PR ey sl dpREOGR o wirhifhe
about 100 A'ME_I,%} {9 %Jﬁﬁﬁan{lﬁﬂl?é ?&gmﬁﬁéheﬂ?f&%kﬂfﬁﬁleolﬁy FHipYd thidivh#lRin@eal

el ectrically-conductive , but is’ desi rabl y formed of ruthenium
oxi de. An oXUApiredi-cxidizingwmbiehis] wich assitragen,rammeniay ixnlisri, dr2onRAICKY)
or

| ayer 14 may then be deposited or fornmed, also b put t erj

any ot her swihespwuitablpannealingRrocesses, dhProdurh by @%%%@%(Qlﬁ%ﬂness
of the resultin |_a A4 | b : Namadie

Angst rons. ?R%“W%%ﬂ%%@ ltl(}%’e%} ae acgﬁggfhé%ﬂ%%g aclgf i tat \eéq{%
crystal | i zatdign2.0fTha ghdrahiens e phitasEuANthdXyEEhsourengasxs deirdp dEpofdiian 2004
WO 01/ 95377 PCT/ U801F18583 (Ruozciﬂ phase and/ or a non-stai chi onet rtjbtge

r ut heni um oxif the laRerOd) mphbeseelegtedhiorrreaie a desigedratio betwian e FRPURES

acconplished, for exanple, by.rapid theranpl I ﬁﬂﬁ

non- oxi di zi HSSPQ%Y%ﬁlag% @Eﬁ?ﬂyﬁlstﬁghyl%g%n?ﬁ%ﬂ%%ﬁ%? cﬁé Fom ﬁﬂaltirtgljlgr}l{,T‘%r by

ot her sui t abjsfe 3EEIRY aid BRAAEE Myt selceaidas phide Zaafizd hitanksize dheni um
(Ru) and 5 zones 16 of ruthenium oxide (RuQ and/or RuOx) within the

| ayer 104, adghehdbeniam zofésG The. rutficaiugnzoneatl Bofor example, dasirpldyicstendnd oxygen
source gases duri eposi,tion. of e layer, 14 . Create
a desired rmlﬁgﬁ’vﬁ@ﬁgﬁh@t ?&sg%g\}e lf’ﬁ%emr 853%13;%,\9/12(.1 %ﬁég‘éé p?égent in
the |ayer 1%eM%8%ﬂP§féﬁoﬂﬂoﬁé)wiﬂh}ée%es&ﬁ@tm&l&eﬁfﬁthé [4yer 14 gigper at ur e,
and pressure nmay be selected to provide a desired nean size for 10 the

r ut heni um zadesgabl¥ aboutuvh dmiesrthe thdmesssyf the fayex bveir ebow 4O0 Agipstyoss feind

conpletely throug{?3 t he ihi ctgess of the layer 14, as shown, and desirably
have a near® HLABEEFORI2YEhbYt one to three times the thickness of the

| ayer |14 most dophd BB ARRA e bAR rithEtm 2¥ied 1 Gk ForRim LRicl e 16.4,
gstro or
may then be processed to differentially remove the ruthenium phase relative to the
ruthenium oxide phase, and desirably relative to the underlying conductive layer 12.
In the illustrated embodiment, rathenium is preferentially removed relative to
ruthenium oxide. A wet etch process is one suitable approach for differentially

20 removing ruthenium. As a specific example, 2 wet etchant comprising ceric
ammonium nitrate and acetic acid may be used. Other processes that remove
ruthenjum preferentially over ruthenium oxide may also be used. As additional
examples, etching using ozonated water or selective dry etch processes may also be
employed. ‘

25 In the illustrated embodiment, the wet etch process may be controlled so as
to essentially remove the ruthenium phase from the layer 14, or at least to remove
those zones of ruthenium that are exposed to the etch. In the case of ruthentum
zones extending completely through the layer 14, essentially all of the ruthenium
phase may be removed from the layer 14, as shown in FIG. 3, leaving the ruthenium

30 oxide zones 16.

Depending on the ratio of ruthenium phase to ruthenium oxide phase in the

layer 14, the remaining ruthenium oxide zones 16 may be in the form of a layer with

6




a 200- Angstrom |l ayer 14. 15 The | ayer 14 having both rutheniumzcﬂn?egmlélm4
and rut WEh¥WAROXi de zones 16 nay then be processed to dPETAEGMISE |y
renove the rut henium phase relative to the ruthenium oxi de phase, and
desirably relative to the underlying conductive layer 12. 1In the

i1 lustrated enbodi nent, rutheniumis preferentially renoved relative to
rut heni um oxi de. A wet etch process is one suitable approach for
differentially 20 renoving ruthenium As a specific exanple, a wet

Gher procedtisd: EFPRIRndly B N HhEhanRE FREN G s BT
oxi de may alopen heb22eek 2 AsmBRSHid SMAls ex?éﬁﬁ{ﬁ;g' APl §ld? Qh{iﬁ?“'ﬁﬂrﬂ%ﬂﬁé’nat ed

water or selective dry etch processes may al'so be” enpl oyed. In the
i 11 ustrat ed layepddiand mtlandshén wiher wonds, {hedayes 34 nallowmgcnneal pinhyp domprisssa t o

essentially renove the ruthenjum phase fromthe |ayer 14, or at_ least to
Femove  t hodBlasURIEEVER RTFGR b HER O*a%a@@@&eﬁﬂ{ Bhasks ca{iaaY bhos
case of rut ' . | E I Yook %4&31] uhf%
essentilralthjglrﬁ:nﬂg%J Eﬁe r% %ﬁ%ﬁ%%&%%@%@rfgﬁove ﬁh?%m )gﬁfééaess 14,
as shown i n drhGuthénivhemeirig defeadingtonahé botpaHnaxoftae Eﬂ:ﬂ@ﬁleﬁl@d l&ependi ng
on the ratio of ruthenium phase to rutheni um oxide Eyase in the |ayer

14, the rendirtheannesl penditionsoXVhen the fayvsr 16 isausaquently etphediip ths Blustatdy er
with 6 WO 01 ? .07 C 20 PCT/ USO01/ 18583 pits or depressions

t herein, or ﬁ%%é%%eqeo@%%@isgﬁﬁﬁeﬁe% arr %S)tﬁo Separated by an open
web 22, or a comPdiratdaphcifdr [pﬂlité,%eﬁé&hﬂﬁﬂé BEaP af thi Plate/sOulERE éle@kikaltinr ough

the layer 14 and islands. [n other words, the |ayer 14, follow ng
anneal? may lseiatedi dbe anderbiing tansugties laperntidhus seross te glebigichliycoxiedealhnd

r ut heni um ph S, Or .t .be zones 5 rut henj u hase. i r ut heni um
oxi de. mat 1 U tepilnibk SRR R A28t b THOTh R Y ATk e St r 1 x.
dependi ng orpﬂygqgalgpﬁ@ﬁtéd@mgg_ t he pre-anneal ed | ayer, and on the
anneal conditions. en the layer 14 is subsequently etched in the

illustrated exa re the eenaaihmg cediesiumf eiode wribafopmrafeslands, thesutans .
distance between nearest edges of such islands is desirably between about three to
15 four times a thickness of a dielectric layer that conformally covers the layer 14, For
example, for a capacitor that includes a 60 Angstrom thick tantalum oxide layer, the
mean distance between the nearest edges of such islands is preferably is in the range
of 180-240 Angstroms. Where the remaining ruthemium oxide includes pits, the pits
have a mean diameter of one to three times the thickness of the layer 14 and have a
20 mean closest distance that is at least two times the thickness of the layer 14.

The remaining ruthenium oxide zones 16 shown in FIG. 3 constitute,
together with the underlying conductive layer 12, an enhanced-surface-area
conductive layer compatible with high-dielectric-constant dielectric materials. To
form a capacitor with the enhanced-surface-area conductive layer of FIG. 3, a layer

25 24 of a dielectric material is provided on the structuré. The layer 24 may be of 2
high-dielectric-constant dielectric material, generally any dielectric with a dielectnc
constant of at least 9, or more preferably, a dielectric constant of at least 20, with
tantalum pentoxide (Ta;Os) being a specific example. The dielectric material may
be formed conformally over the enhanced-surface-area conductive layer, as shown

30 in FIG. 4. Other high-constant dielectrics may also be employed, such as barium
strontinm titanium oxide, lead zirconium titanium oxide, and strontrum bismuth

tantalum oxide, for example. Because of the relatively large diameter of the



For a capacitor plate, generally no areas of the plate should be 07 BEC 2004
el ect riwaloips3710 i sol ated. The underlying conductive | ayR¢T/UXWIHES serves
to electrically connect all of the remaining rutheni umoxi de zones 16,
particularly if they are in the formof physically separated islands.
VWhere the remai ning rutheniumoxide is the formof islands, the nean

di stance between nearest edges of such islands is desirably between about
three to 15 four tinmes a thickness of a dielectric |ayer that

conformally covers the | ayer 14, For exanple, f a_capacitor

i ncl udes a B’@"M’éﬁ‘t IEEBH"F& T‘H[&el%"éli’i‘tpg‘?iﬁﬁo@f?’ € 1359@;4, Caf]r?g%ﬁ%‘asﬁmg}@?{atﬁce
bet ween t he SHEtel 20l ed.e Yo laf ehlbnk range
of 180-240 ﬁ%@?ﬁ%ﬁ%ﬁgm@feﬁ%&%m nguFﬁﬂgﬁrh%%i}i%gﬁiencl ugdeas pits,

the pits haweacd siEaon Bhibrsiiee bf tHe loyee 240 It biteewbidspthietshdadehifckebye Bt he
| ayer 14 and have a 20 nean cl osest djstance that_ js at Igasé)gtﬂv\o I mes
the thi cknegwapfrophhel rgyeimngruthenein exde AoRe 16 dewahiyinat 8-f Jut liews 26

shown in FI 3 constitute, together Wt - i tive
| ayer 212, a%aé?ﬁ?é‘ﬁ -tilifﬁ(foé%%l-rﬁag eug%‘}f%%l%% %@% ayg%wébéw}gg%w th
hi gh- di el ect.hj £ice@SsitAM arél &) 86 furfacéd® weNal s. To form a capacitor wth

t he enhanced-surface-area conductive layer of FIG 3, a layer_ 25 24 of a
di el ectric mater iZakondnctiveldyde2s may thes bstfouned ordepTsited canformally gEsr the of

G e G 0 T A 1
di el ectric Ct&?]fé anfot gﬁ?@ b%_%g% tihg?d eWira) geh&lifhs/oT RELRKLE sCifRZRY

bei ng a specitic exanp ctric material may be formed
conf orgral | y teikto ifsercsunanoiegofthe laeramt axficiontdthin toefit wikin thesevesdibwn 30

in FIG 4. Oher high-constant dielec{rics l.so0 _be enp] o h as
barium st r oRlumeREoRed o ths eapaeitor. I@é&‘oﬁ’?ﬂ%%ﬁ%uiﬂiq i"iﬁﬁcﬁ%ﬁgﬁ “ez‘ﬁg"
strontium bi - | sBesAUSE: SHithd BRlecaicat | vel y
large di amt@g&%&ﬁgﬂ%@%@)&g%ﬂﬁ%v%%m R S Rt sees
previously reyervegprovidieg an enlphastsuzfane areatftwetht agretuctine ager Aoas weln
sonewhat to the shape of the enhanced-sulrfac -area co

: ( uctive Iag

al | owi ng an Brwecemduetierlaras.H08 ogpediy [RYe; 1¢ad grnes, o, pag ape fopm ‘ﬂ{y

ot her 130T ds ’]a)t'eq(?zé ?JJI?&E- b ptlﬁgs Aﬁyc%f)a&ﬁbr. Both plates may have enhanced surface
area relative to the area occupied by the capacitor. The possible omission of an
intermediate metal layer and/or barrier layer above the lower plate allows for
increased plate surface area and decreased overall thickness of the capacitor
structure.

20 Application of the plate structure shown in FIG. 5 to a capacitor of an
integrated circuit--a container capacitor in this example--1s illustrated in the cross-
section of FIG. 6. The supporting structure 10 in this example is a conductive plug
of polysilicon or other conductive material formed at the bottom of an opening in a
dielectric material 28 such as borophosphosilica glass (BPSG). The plug contacts a

25 circuit element such as a transistor gate (not shown). At the sides of the cylindrical
container, the BPSG itself functions a supporting structure for the capacitor plate
structure. The thinness of the capacitor structure provided by the layer structure of
FIG. 5 maximizes the capacitor plate surface area in the container capacitor of FIG.
6, particularly for the inner (upper) electrode, the surface area of which decreases

30 with increasing thickness of the layer structure. The enhanced-surface-area layers

also increase the effective surface area beyond that of the occupied area. The use of



away fromthe remaining rutheni um oxide zones is desirably not fpgﬂﬁtﬁww
fol | owswatoipsiveast sonewhat the contours of the underlyilE/UstilérA3 UM

oxi de, providing an enhanced surface area on this surface as well. A
conductive |layer 26 may then be fornmed or deposited conformally over the
dielectric layer 24, as shown in. FIG 5. The surface of |ayer 26
uppernost in the figure is not shown because the |layer may generally be
of any thickness sufficiently 10 thick to insure continuity of the |ayer

and sufficiently thin to fit withi.n the overall _volunme all.otted t he
capaci tor. Mg es%md'rw fezares ,mtinﬁ@u@md(fc@ngpct}vgjgyer %@Srpé%ﬁ?sommé\zed
dielectric | f -may... gp{ mto the enhanced surface area of the
dielectric c?@&ﬁ%ﬁﬁ&gw f%ng an enhanced surface area for the
conductive | ayer 3@, ashawd K-ray Giffrattim daenehidirmue thayetmtionoé nitbentenh by

| ayer 12 and zones 16, and one fornmed by 15 | ayer .f,ormth&two pl at es

26
of a capaci tand rutBenihmpyadephasesastigsesiben i Haeex e gabodimesh "l ative to

th j ed. th itor. Jhe . i Al 1 SSi 3
| nteriodi ot erereaiaEyRvaERRGRah DassPERI0. BdiheR L R sihedt CRI%, | us
for —increasegliPlAben é&hﬁﬁf-&a]w@@ailaﬁlefw@eﬁtrcmlﬁeemgﬁ%glceﬁém@mﬁ of the

capacitor structure 20 Application of the plate structure shown in FIG 5
to a capaci tmitrate hindaceticricelrSunexifiimseer: taneplaonnenrmxidizap awbiamts (far t hi s

le--is illustrat inth - ti FIG. 6. T ti
S Tuttur e 10BN, SkarkircA 08T Bapee oe SEVErsoRion ERBR or ' ot her
conductive ngterdale &Bfi%@':rélh fBPﬁ &%ﬁ&%%%eégipt%gafﬂﬁe il Bonsktettamtt i C

mat eri al 28 'such as borophosphosilica glass ( The plug contacts a 25
circuig el erprefersitiahetasing of nathaiismpleayag enthermumsixoden whildnonfaanedlees of t he

cylindrical _container, the BPSG itself functjons S orti.ng structure
for the capa@ﬁscﬁhowpﬁllﬁs exidenfeQfselectivgsteing ndgay gfafﬁ?ﬁgfuc%‘b‘gﬁg?odﬁtﬁ&m%
structure Prgy AR orrifchAPAndhikGRH S8l in fit ‘g're—. cH BRI ntsand
capacitor plate surface area In the contalner capacitor of FIG 6,

parti cul ar | ytht @bsénbe of nnkeenivr ppthe)post-eic fitme, Fith & shaws theeprevetch and pari-ch

decreases 30 wit r_1 i ncreasing thickness of the |ayer. str u_c% re. ‘f
enhanced- sur§tele -ty ehtifaghen datagywity nytheniyn pg HEC%F‘T TARGE claﬂ'tﬂéfcg-lc;@ dHta
beyonqst hat %‘Sﬂmg a%%%ﬂ@ﬂcﬁ‘ﬂra@é £gy. The use of 8 WD 01/95377 0 7 DEC 2004
The invention above is described in detail by means of a specific example
embodiment, but is not limited thereto. Furthermore, variations within the scope
and spirit of the invention discussed above will be apparent to those of skill i the
art. For example, in addition to the first layer, the dielectric layer and the overlaying
20 conductive layer may be proximate to one another, with other intervening layers,
although in the desirable approach, these layers abut one another, and layers 24 and
26 need ;]01 be homogeneous as they may be formed of multiple layers or materials.
The invention is accordingly defined not by the particular embodiments and

variations explicitly described, but by the claims below.
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PCT/ USO1/ 15583 t he enhanced- surface-area rutheni um oxi de conductive |ayer
t hus pre\d @igs3Tnproved capacitance in a given area. Fl GPCYT/USRABWESSXK- ray
diffraction data confirm ng the formation of ruthenium and ruthenium

oxi de phases as described in this exanple enbodinment, with 5 preferenti al
removal of ruthenium Deposited RuOx filns were wet etched in CR14, a
wel | -known comrercially avail able wet etchant conprising ceric amoni um
nitrate and acetic acid. Sonme filns were anneal ed i n non-oxi di zi ng

anbi ents (f mple, N2, NH3, He, Ar) prior to the wet etch. SEM
exam nat i on%ﬁﬁzéal ed film wet-etched in CR14 for 30 seconds showed
pitting of the filnms consistent with 10 preferential etching of

rut henium | eaving ruthenium oxide, while non-annealed filns showed |ess
evi dence of sel ech i &enethohoffgrmingraayenbipndedsurfaemarce pondistizo iUt Hed t he
presence of yuthenipum and rutheni.um oxide.in th re-etch annealed fil ns,
and the abéé%’@ém\ﬁ#"‘cﬁrﬁ H’Cejﬁtﬂﬁn?:ﬁ f?rﬁgeb%glggrg{:%rﬁtegpﬁwgp E‘e&‘?as hows t he
pre-etch ang, fng@tch X-ray diffraction data, w th rutheni um peaks
present in a pre-etch trace 701 but 15 absent in a post-etch trace 703.
The invention abdeemimg dlagerdobmaining atleasiitivo lphaserdhs phdsenincpduig dtdeaskanpl e
enbodi nent, but is not limted thereto. Furthernmore, variations within
the scope &g cepingtiveghasehand nyention di scussed above will be apparent
to those of skill_J : i i) i

| ayer, the diel ecquffﬁ({éﬁgyg?&g%‘gﬁghtel%gs\?gﬂll?g)ﬁﬂr%tg%gﬂctg)r?gﬂhg%%vsrgqﬁgllee;ﬁ%my be
proxi mat e t thehiirl ANedsheie,at Wattonetchaductive @hueni ng | ayers, although in the
desi rabl e approach, these |ayers abut one another, and |layers 24 and 26
need Hbt be honbgeneous as they maybe forned of nultiple |layers or

materials. The igfv L | r.di . | : i r
enbodi nents and v%‘r ?Q% ?’%ﬁ‘é°d2a§§‘ﬁﬁi§“‘gtd‘f’3méésgﬁﬂ§§§‘? ﬂ%gd'%t Bgreglﬁgl%adg%d# lf)%l OW.
9 0 7 0 E C 64y th¥R%ér) 5377 PCT/ USO1/ 18583 W claim 1. A nethod of

form ng an enhanced-surface-area conductive structure in the manufacture
of a structure for use in an integrated circuit, the method

3. The method of claim 1, wherein the act of forming comprises depositing

15 the layer and annealing the layer.

4. The method of claim 1, wherein the act of forming comprises forming a

layer having phases of ruthenium and of ruthenium oxide.

20 5. The method of claim 1, wherein the act of forming comprises depositing a
layer of ruthenium oxide and annealing the layer of ruthenium oxide so as to form

ruthenium and ruthenium oxide phases within the iayer.

6. A method of forming a structure on an integrated circuit, the method
25 comprising:
annealing a layer comprising oxygen-deficient non-stoichiometric
conductive metallic oxide; and
removing metal from the annealed layer at a rate which is greater than the
rate at which metallic oxide is removed from the layer.
30
7. The method of claim 6, wherein the act of annealing comprises annealing

a layer comprising oxygen-deficient non-stoichiometric ruthenium oxide.

16



5 conprising: formng a |layer containing at |east two phases, RSE 3004
i ncl udi ag @tesbmast one conductive phase; and preferentl%ﬂ1y831 i ng at

| east one of the at | east two phases so as to | eave behind at |east the
at | east one conductive phase. 10 2. The nethod according to claim 1,
wherein the act of renmoving conprises etching the layer. 3. The met hod

of claim1, wherein the act of formng conprises depositing 15 the |ayer
and annealing the layer. 4. The nethod of claim1, wherein the act of
form ng conprises formng a |ayer having phases of ruthenium and of
rutheni um oxi de. 20 5. The nmethod of claim1, wherein the act of formng

conpri ses deposi td nﬂn?ethécftyief?nﬁﬁl ”Hulilﬁt'ﬁké"é‘ﬁﬁ’d( i ABd cRACMGidde | ayer
of rutheni um oxi dé 's6 as rut heni um and “r ut heni um oxi de phases
within the |ayer.atfeastpamilhostp thauﬁg)laﬂﬁrn@jaﬁrmompentﬂfeqnhascﬂ andt egr at ed

circuit, the nethod 25 conprising; annealing a | ayer conprising
oxygen- defi ci ent m&n:egu@lhcwmmgaﬁrstwﬁméihmwg phage ‘?Iﬂéhe x5t

renovi ng neta om t he anne [ ] an
the rate at1 Wi f&ﬂ“ﬂﬁtﬂa?f“fqn aoetJ Lﬁéé(% %tg\\;g m gh &Féﬁ Set?£ 0 er&llﬂ

met hod of clifi BRddnd AsdeSs By bleerRElly @Jndaa@@ahhﬁﬁalcormrlses anneallng a

| ayer conpri SI ng oxygen-defici ent non stoichionetric rutheni umoxide. 10

WO 01/9-5377 7 Q F C 2004 PCT/US01/ 18583 8. A nethod of forming a
structure on an |§ﬁ,§rat d.circyit co |85|n[§ lIl%Ieast partially
separating a firs ofaGeqramgde £ pFERESE i f ferential |y

removing a first ﬁ*&%&ﬁnﬁ sddBRd LHEPECE Hi¥RcRRABAEHLINR Proxait] b Sie first
10 layer; and providing a third electrically conductive layer in proximity to the

second layer.

10. The method according to claim 9, comprising abutting the first, second,
and third layers against one another with no intermediate layers.

15
11. The method according to claim 8 in which the act of at least partially

separating the first layer into respective phases comprises at least partially separating

the first layer into respective ruthenium and ruthenium oxide phases.

20 12. A method of forming a conductive structure, comprising:
forming a layer of electrically conductive material;
forming a layer of non-stoichiometric ruthenium oxide on the layer of

conductive matenal;

annealing the layer of non-stoichiometric ruthenium oxide to form ruthenium

25 and ruthenium oxide phases; and

differentially removing the ruthenium phase relative to the rutheniurm oxide

phase.

13. The method of claim 12, wherein the non-stoichiometric ruthenium

30 oxide layer is oxygen-deficient.

14. A method of forming a conductive structure, the method comprising:

11



5 layer, leaving a second phase of the respective phases within t hd 74 5Cs3004
| ayer, Wen®rii the second phase is an electrically cond®feT/Po&/188%%ri al .

9. The nethod according to claim@8, conprising: providing a second | ayer

of a dielectric material in proximty to the first 10 | ayer; and

providing a third electrically conductive layer in proximty to the

second | ayer. '10. The nethod according to claim9, conprising abutting

the first, second, and third |ayers against one another with no
internediate layers. 15 11. The net hqd_accordi nq to claim8 in which the
act of at |east F&Pesiang gleysepifragsmgciqentmopstolphigmptricpthepiuam,axide;, o

phases conprises at | rtd.ald -at | j iknt o
respective rut her?flﬂ?ﬁhglggﬁ? E&ﬁéfﬁ‘?dulﬁy %If(f? géﬁﬁa@gsa t Eglagn glééﬁt&tf sjr'?‘eﬁf?‘ﬁglg tgf
form ng a copekeGk least s%frﬂd&?waﬁon 6OAIHdnfinI gad rdthéniih ®xide physss voifhin the
el ectrically conductive material; formng a |ayer of non-stoichionetric
rut heni um odawte asd t he | ayer of conductive material; annealing the |ayer
of non-stoichionetric. rutheni um oxide {0 form.,rutheni.um. 25;an ut heni um
oxi de Jphases; and“GPYPE 8 WﬂqVefeé‘?’rﬁ\?hﬂSv?mnmeﬁi%ﬂ’f@%ﬁﬁﬁja@g 1%’eeF'ati ve to
t he rut heni um oxi de phase. 13. The nethod of claim 12, wherein the
non-stoi chiometric ruthenium 30 oxide |ayer is oxygen-deficient. 14. A
met hod of form nd5a Temdethod véclaim Iétwirareintthe actof huebabngrpempiisey forpaingyd
01/ 95377 a 7 DEC 20Q4 . PCT/US01/ 18553 depositing.a. layer of
oxygen- def i @B?ﬁOfﬁB&eﬁWEﬁﬂ%ﬁW‘m W%&?ﬁ%ﬂmaeaxﬁsﬁ%eaqfithﬁz?%é
deposi t ed '%&?éndﬁl%’thﬂ) hiR AR BickResk 8FRRNAL4 € sufficient to cause at
a

| east some separ ati on rut heni um and rut heni um oxi de phases within the
| ayer 10 and

16. The method of claim 14, wherein the act of annealing comprises forming
zones of ruthenium phase material within the layer, wherein a mean diameter of

such zones is in the range of about one to about three times a thickness of the layer.

15 17. A method of forming a conductive structure, the method comprising:
forming a layer of electrically conductive material;
forming a layer of oxygen-deficient ruthenium oxide on the layer of
conductive matenal,;
annealing the layer of oxygen-deficient ruthenium oxide to form ruthenium
20 and ruthenium oxide phases; and

differentially removing the ruthepium relative to the ruthenium oxide.

18. The method of claim 17, wherein the act of forming a layer of oxygen-
deficient rathenium oxide comprises depositing a layer of ruthenium oxide.
25
19. The method of claitn 17, wherein the act of differentially removing
comprises preferentially etching a ruthenium phase in a layer of oxygen-deficient

ruthenium oxide and ruthenium.

30 20. A method of forming at least one capacitor in an integrated circutt, the

method comprising:

12



5 renoving ruthenium preferentially over ruthenium oxide fromthe Uﬂa% 2004
15. Thewwhiid;of claim 14, wherein the act of anneal i ngPCORSHiI/ 53583
forming zones of ruthenium phase material within the layer with at | east
sone of the zones extending through an entire thickness of the layer. 10
16. The method of claim 14, wherein the act of annealing conprises
formng zones of rutheniumphase material within the |layer, wherein a
mean di ameter of such zones is in the range of about one to about three
times a thickness of the layer. 15 17. A nmethod of form ng a conductive
structure, the mebimihgeoimst éesidngfive layar eomyrising aythenism aydaihepag oxpde
conductive material; formng a | ayer of oxygen-deficient ruthenium oxide
on the | ayerPbg$es; conductive material; annealing the |ayer of

oxygen-defi ci ent Jreglfop@gﬂdfﬂeﬁ?gnfﬁoﬁa%é RFAChARE0E 1k 202538 thaktl FBBALING

oxi de phases; an entl y renoving the rutheniumrelative to the
rut heni um oxdogles oflithehiign 6Ridepd of claim 17, wherein the act of formng a
| ayer of oxygen- deficient ruthenium oxide conpri ﬁes depositing | ayer

of " rutheni um oxi dermig adicleriis layer B QT i PYOKEIY PALC [HRMANE ZPRE Yet  of

differentially renoving. nprises preferentially etching a ruthenium
phase in a ﬂé’&?mélf‘“ @ggﬂﬁ?defi cient ruthenium oxide and ruthenium 30

20. A nethod of fgpinida Scoh®asidubiNg Jafgasi dran ptoximity tothedlidéac tyecui t
the method conprising: 32 WO 1) 1195377 phases; 0 7 DEC 2094

PCT/ US01/ 18583 formng a first conductive |ayer conprising ruthenium and
rut heni um oxi de r in ut.henj um.fromthe. fi 0 i yer so as
to | eave remaini ngpbihﬁg’f{b(?fi O?lﬁiaﬁ%r?lb UWH]%B?{L&QL d{eﬁc'ﬁ&ﬁ%&cﬁh\é&dﬂ%

10 conductive layer are each a single layer of a homogenous material.

22. The method of claim 20, wherein the act of forming the dielectric layer

comprises forming a layer of a material having a dielectric constant of at least 9.

15 23. The method of claim 20, wherein the act of forming the dielectric layer

comprises forming a layer of a mmaterial having a dielectric constant of at least 20.

24. The method of claim 20, wherein the act of forming the dielectric layer
comprises forming a layer of tantalum pentoxide.
20 .
25. A method of forming a capacitor, comprising:
forming a first layer of conductive materal,
forming a second layer over the first layer of conductive material, the second
layer comprising zones of ruthenium and ruthenium oxide;
25 etching the zones of ruthenium so as to allow the zones of ruthenium oxide
to remain;
forming a layer of dielectric material on the remaining zones of rutheninm
oxide and the first layer of conductive matenal; and
forming a third layer of conductive material on the layer of dielectric

30 matenal.

i3



5 forming a dielectric layer on or in proxinity to the remaining Bdridd 4
r ut heni wig @oksle; and form ng a second conductive | ayer ORCO/LSHIVIPBOXIi Mty
to the dielectric layer. 21. The nethod of claim 20, wherein the
dielectric layer and second 10 conductive |ayer are each a single |ayer
of a honogenous material. 22. The nethod of claim 20, wherein the act of
formng the dielectric |ayer conprises formng a |ayer of a materi al
having a dielectric constant of at least 9. 15 23- The nethod of claim
20, wherein the act of formng the dielectric |layer conprises formng a
| ayer of a materizél Tevhegodofitlaine2§ niiscreinrtbe agitof ffrmang k &astlay@®. 24. The
met hod of claim 20, wherein the act of form ng.the diele ig.layer

tri
conpri ses f éPwPRgesorming a Brst layat of conipehtcanateaal registant to ﬁ’eneéf & of
formng a capacito omprising: .form fli | ayer of conductive
mat eri al ; fggﬁ?%ecgmstggggtaofls%%g@Sg?ﬂ%ﬁrﬁ}grﬁlmres ‘ayer of conductive

material, the second |ayer conprising zones of ruthenium and ruthenium

oxi de; 25 etching the zones of rutheniumso as to allow the zones of
rut heri um oxi de 27 TFhemethpdfofclimgs awhergir the pctdif dormeing the segerd 12T on t he

mter il adGuER HTERS G PLGBETO o abt e aey SRR S o
of di el ect 1ii6ycr 39 AbAbIAxidd huY QA 34ldhnfl PG ER0hasRCT/ U 501118583

26. The netho erein the act of formng a first layer
conprises formng a first layer of conductive material resistant to the

LT AL G NN R SRR NI W2 - AL AT, I X

St atrr gf ShfileAfh Qo RS tmihiy b MR HPAGIELAR ARErAcohRARMNPBIE b Y
remaining zones of ruthenium oxide such that a surface of the layer of dielectric
material spaced from the surface of the remaining zones of ruthenium oxide
conforms at Jeast in part to the contours of the surface of the remaining ruthenium
oxide.

15
29. The method of claim 25, further comprising etching the zones of the

ruthendum and ruthenium oxide 1o have a mean closest distance that is at least twice

a thickness of the layer of dielectric material.

20 30. An enhanced-surface-area conductive structure in an integrated circut,
the structure comprising a layer of ruthenium oxide having at least one pitted
surface.

31. A capacitor structure in an integrated circuit, the structure comprising a
25 layer of conductive metallic oxide having a pitted surface with a layer of dielectric

material disposed conformally on the pitted surface.
32. The capacitor structure of claim 31, further comprising a layer of

conductive material disposed on the layer of dielectric matenal.

30

14




| ayer of ruthenium oxide into ruthenium oxide and rutheni um asé]s7 D“ZFSEDDI'
The netwodieksiel ai m 25, wherein the step of forming a Ia‘ifé?’l‘gql’léﬁﬁl ectric
10 material conprises formng a |layer of dielectric material conformally
over the remaining zones of rutheniumoxide such that a surface of the

| ayer of dielectric material spaced fromthe surface of the remaining
zones of rutheniumoxide conforns at least in part to the contours of
the surface of the renmining ruthenium oxide. 15 29. The nmethod of claim

25, Turther Conp:?'g;'r;ﬁ]%l é&chﬂtopgr%%e%?%ﬁ%tﬁ \;!H&emrdﬂ‘léh‘?,ﬂdoﬁ[ﬁ(ﬁﬁﬁe figeni um

oxi de to have a tance t is at least twice & thickness

of the |ayemhofurfiicebeerdopditive metdllic 80idaMayeAaxtemhenmopldtelithfangh 1k ea
conductive structure in an integrated circuit, the structure conprising
a layer of ronhemivermaallidexidalayey at | east one pitted surface. 31. A
capacitor structure in an integrated circuit, the structure conprising a
25 layer of conductive netallic oxide having a pitted surface with a

aver of diel ect rie riLpLdiak sthtBREdIRANN0WBIChYHepit betpisutfad ofurd ace.
32. THe capacitor structtre of ciaim3l, further conprising a |ayer of

conducti ve rmahidtile midtalbio sailledayer hevel mpesn dfamgias ik therTpag @@Pi‘%ﬂlreeao 14
WO 01/"-377 07 DEC. 2904 PCT/US01/ 18583  33. %’Eﬂ capacitor structure of
clai m 31, witres nihigknessefithe eppdugve e G RYH Y he surface of the
conductive netallic oxide |ayer extend conpletely t hrough the conductive
metallic oxide layer. 5 34. The capacitor structure of claim 33, wherein
the pits in the swfanec@ﬁcﬁdrStructm‘uhfaﬂmnEﬂMMHm ﬁlecp@tsd@thee&}l@'ﬁcmé a

mean di aneter in the ran e of one t hree
condudd i ve nemghn closesk dis @9@ 18 ag%ast—pwg tH%?J"a"c e@tqwﬁﬁe[kﬁ?’eer 033 el Al m 33,
wherein the ﬁhtte%ain t he surface have

36. The capacitor structure of claim 31, wherein the conductive metallic
oxide layer comprises ruthenium oxide.

15
37. A conductive structure in an integrated circuit, the structure comprising

a layer of conductive material with islands of conductive metallic oxide disposed

thereon.

20 38. The structure of claim 37, wherein the conductive metallic oxide

comprises ruthenium oxide.

39. A capacitor structure in an integrated circuit, the structure comprising:

a layer of conductive material with islands of conductive metallic oxide

25 disposed thereon; and
a layer of dielectric material disposed conformally on the 1slands of

conductive metallic oxide, wherein a portion of a surface of the layer of conductive

material is exposed between the islands.

30 40. The capacitor structure of claim 39, wherein the conductive metallic

oxide comprises ruthenium oxide.

135




10 a nean cl osest distance that is at least two tinmes a thickness of the
| ayer of dielectric material. 36. The capacitor structure of claim 31,
wherein the conductive netallic oxide |ayer conprises ruthenl dmté6xitie.
15 37. A conductive structure in an integrated circuit, the structure
conprising a layer of conductive material with islands of conductive
netal lic oxide disposed thereon. 20 38. The structure of claim 37,
wherein the conductive nmetallic oxide conprises rutheniumoxide. 39. A

capaci tor siy ughdi a&i'fbras@mkﬁeie&r@éiﬁﬂa@,:fﬁm&értconiph inBtarjbgdryfe conpri sing:

a layer of conductive material wth islands of conauctlye metal | i c oxide
25 di spasedivenastens; digndedcddyanalf odihe laet of dichatreneaikngl sposed
conformally on the islands of conductive netallic oxide, wherein a
portion of a surface of the |layer of conductive material is exposed

bet ween t he4i.5h§§ﬁ§gﬁafe% c%%uityeb%lcpg-?rs%?%c% és arlﬁuj{V hf’gf—}p%i?mgfth el'ilﬂélﬁﬂe?ag’ wherein

t he conductive oxl eni'um oxi 507 GEC
2004 Adver DR onaRAEE nidtalfic loblideHa0in@fa wittad surRd wilid laherofabielptiisi ng a | ayer
of conductive material disposed conformally on the |ayer of dielectric
mat er i mbteridRdisgosed noefprankylon fhequited swtwpri sing a plurality of capacitors
that include a |ayer of conductive netallic oxide having a pitted
surface with a layer of dielectric mnaterial disposed confornally on the

pitted surfgaces nthoddfTEidiRdanénhbidedisigacareldvadcaiie Sttidtaren deea
conductive structure in the manufacture of a structure for use in an

i nt egrmendaciie ©f p strugtire fprush dban Bigsrdted ¢Hepuits e meHgdLomayiengcont ai ni ng at

| east two %gﬁﬁgg 55 ?c&naﬁﬁﬁta%gﬁﬁgbggaﬁg tﬂeg@}agesgﬂauda%?ge&& bye phase;

and wherein one o ases nds co tely through the
| ayer ; contdnktiephadecimid whdryinrae feastiong ofithelt@aphasenextafdsichmphktely thamighttheo
phases so as to | eave behi nd at
ayer; an
preferentially removing at least one of the at least two phases so as to leave behind at

least the at least one conductive phase.

44. The method according to claim 43, wherein the act of removing comprises etching

the layer.

45. The method of claim 43, wherein the act of forming comprises depositing the layer

and annealing the layer.

46. The method of claim 43, wherein the act of forming comprises forming a layer

having phases of ruthenium and of ruthenium oxide.

47. The method of claim 43, wherein the act of forming comprises depositing a layer of
ruthenium oxide and annealing the layer of ruthenium oxide so as to form ruthenium and

ruthenium oxide phases within the layer.

48. A method of forming a conductive structure in the manufacture of a structure for use
in an integrated circuit, the method comprising:

forming a layer containing at least two phases, the phases including at least one
conductive phase wherein at least one of the two phases extends completely through the layer;

and
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| east the at | east one conductive phase. 44. The nethod according to
claim43, wherein the act of renoving conprises etching the | BT .
The net hod of claim43, wherein the act of form ng conprises ep05|%|ng
the layer and annealing the layer. 46. The nethod of claim43, wherein
the act of formng conprises formng a |ayer having phases of ruthenium
and of ruthenium oxide. 47. The nethod of claim43, wherein the act of
form ng conprises depositing a layer of ruthenium oxide and anneal i ng

the layer ofoulkdnf 'humy@xi?dﬁfe&@er@iany RnfoRinE ot Wahieshie wimtRnA leakitivio@hbdessexXi de
phases within the Tayer. 48. A nmethod of form ng a conductive structure

i n t heanwrledvadehing ableay tha at Jeasigns cpafuctivephdsq an integrated circuit, the
met hod conprising: formng a | ayer containing at | east two phases, the
phases including at | east one conductive phase wherein at |east one of

the two phagesTixhenes acndiheiosdlyint 48, ohgteirt the atiay edighawiag d6mPTseDBChiAf04
roughening the | ayer by preferentially renoving at | east one of the at

| east thedayshases so as to |leave behind at |least the at |east one
conductive phase. 49. The nethod according to claima48, wherein the act
of roughening conprises etching the layer. 50. The nethod of cl aim 48,
wher ei n t hes@cThemethod ot clgint 98Tpvticses thdaposi fbimigg thaplisey deposaing thnleal | ng
the layer. 51, The nethod of claim48, wherein the act of form ng

conpr i dekamealiigdhe BYftayer  havi ng phases of ruthenium and of rutheni um
oxi de. 52. A nethod of formng a structure on an integrated circuit
conprising: at least partially separating a first |layer into respective
phases wher &i.nTkd mektbad bf cain 63, wheeein fivases fermieg dsmprisep fatehgya tayerough t he

first |ayer;, and roughening the first Jayer by differentially renoving a
ot PRUSHPHEeS e R BATAE IRIUE XK ¢ ho (11t | ayer. | eaving o
second phase of the respective phases within the first layer, wherein

the second phase is an electrically conductive material.
52. A method of forming a structure on an integrated circuit comprising:

at least partially separating a first layer into respective phases wherein at least one of the
phases extends completely through the first layer; and

roughening the first layer by differentially removing a first phase of the respective phases
from the first layer, leaving a second phase of the respective phases within the first layer,

wherein the second phase is an electrically conductive material.

53. An enhanced-surface-area conductive structure in an integrated circuit, the structure
comprising a conductive layer of ruthenium and ruthenium oxide, wherein at Jeast one surface of
the conductive layer has a plurality of pits situated at ruthenium phase zones in the conductive

layer.

54. A capacitor structure in an integrated circuit, comprising:
a layer of conductive metallic oxide with a surface having a plurality of pits situated at
metallic phase zones in the conductive layer; and

a layer of dielectric material disposed conformally on the pitted surface.

55. A capacitor structure in an integrated circuit, the structure comprising:

a supporting structure;
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53. An enhanced-surface-area conductive structure in an integrated
circuit, the structure conprising a conductive |ayer of rutenigmypnd
rut heni um oxi de, wherein at | east one surface of the conductive |ayer
has a plurality of pits situated at rutheni um phase zones in the
conductive |ayer. 54. A capacitor structure in an integrated circuit.
conprising: a layer of conductive netallic oxide wwth a surface having a
plurality of pits situated at netallic phase zones in the conductive
layer; and adyay&fcoRludivenfedifit 6xiTRh&NIAA st POReRcRABS LHRBLILY offlist he
pitted surfacé. 55. A capacitor structure In an integrated circuit, the
st r uct antuataarpretalinphase aomyppthetcondpctve metallreenxidesager, DEC 2004 a | ayer of

conductive tallic oxi.de havi a surface that includes a plurality of
pits  situaf Bons! figpdric el dErded e Pl o dasbited P B Fet al | ¢ oxi de
| ayer; and a | ayer of dielectric material disposed conformally on the
pitted surface. 56. The capacitor structure of claim55, further

conpri si ng c i R LV Leri i t he
ayor of i o7 onyy HHONR sMfle olifid ek R B  TophBRCRSE O S
wher ei noralucliensitessirdispoked drethpildyer ofiditlbaris iafediak of the conductive

nmetallic oxide |ayer extend conpletely through the conductive netallic

oxide layer. 58. The capacitor structure of claimb55, wherein the pits

nth ¢ ) . . ; _
In e sur 9‘7’.6'1'95 %a:?ggtcggﬂgé{ﬁlte' o\f%laﬁlﬂ‘%g%hérgm%(|e?ﬁisl)€l¥%'ftﬁégy}ft‘?tnﬂtgg%ﬁﬁace of

dianeter in ther one to three tines a ckness

conducthewendwtiat metalix oxide laggrenxtendomplees] ¢ thoaughttior caincoteunaalbt ogidai m 55,
wherein the pits in the surface have a nean closest distance that is at
| east tAW6"times a thickness of the layer of dielectric material. 60. The
capacitor structure of claim55, wherein the conductive netallic oxide

| ayer conprises ruthenium oxide. 61. A nethod of form ng an

enhanced- sub$.athe eapecitarstruciotei of glasm Sqcwherein thehpitsns tieosirfacoofghe sondgetive

f ' | f el i call 1d ' ial - f - I ¢
oxygen SR H e ol B ETRER P aID SIS R EPrE Bins bk SHRE ©

conductive metallic oxide layer.

59. The capacitor structure of claim 55, wherein the pits in the surface have a mean

closest distance that is at least two times a thickness of the layer of dielectric material.

60. The capacitor structure of claim 55, wherein the conductive metallic oxide layer

comprises ruthenium oxide.

61. A method of forming an enhanced-surface-area conductive structure, the method
comprising:

forming a layer of electrically conductive material;

forming a layer of oxygen-deficient ruthenium oxide on the layer of the conductive
material;

annealing the layer of oxygen-deficient ruthenium oxide to form a layer that includes
ruthenium and ruthenium oxide phases; and

differentially removing the ruthenium relative to the ruthenium oxide so as to form

ruthenium zones that extend substantially through the thickness of the layer of ruthenium and



material; annealing the |ayer of oxygen-deficient rutheniumoxide to form
a layer that includes ruthenium and ruthenium oxi de phases; mh j
differentially renmoving the rutheniumrelative to the rutheniut cb; 2(9% SO
as to form ruthenium zones that extend substantially through the

t hi ckness of the |ayer of rutheniumand 18 07DEC 2004 rut heni um oxi de
phases, wherein the ruthenium zones have w dths of between about one to
three times a thickness of the layer of ruthenium and rutheni um oxi de
phases nBiurftoXik ?ﬁﬁ%e@fwﬁe?élmwuﬁ}@m%m%ﬂﬁ%ﬁ WiliAS Bf Bt ReerCARALG eIt hree
structure, the ne onprising: formng a layer of electrically
conductiineea tatkeessadf,thd leyeriaigutheriapend oithoxygeniddghisss.ent rut heni um oxi de
on the layer of the conductive material; annealing the |ayer of
oxygen-deficient rutheniumoxide to forma |ayer that includes ruthenium
and rut heni gm RxhdRodbBAGIng AR dnithintdRapite-ateh ¥orRIBDV ffhctun€ thehb@sd um
relative to the rutheniumoxide so as to form ruthenium oxide pits

havi ngcqnm%mter of between about one to three tines the thickness of

the I|ayer %ﬁﬁ‘r ut hﬁﬁeruo'}“e%ngmag}co% Hrge%‘)jtg%lphases 63. A nethod of

formng a co stru >formng a | ayer of

electricall ﬁarmﬂfgoulﬁwr\befonygeardeabwnmﬂmmga @udiea(ylﬂrhe tdyenofiths taidubiianet ri c
rut heni um OXI de on the layer of conductive material; annealing the |ayer
of non@iesiabhi omet ri c rut heni um oxi de to form rutheni umand rut heni um

oxi de phaseﬁasgmjge hQ%@F&f&&gwﬁed&% Futbhidh Bige 4 r‘ﬁla|]¥ & R YicNGied he

rut heni um p atrve to en| um oxi ase. 4 A net hod of
f or m nenthentwmndod titheniwh ouicle phases;tand rret hod conprising: depositing a
| ayer of oxa/%reén deficient non-stoi Chl i g ruthenium. XI de; ?nneal i ng

o
the deposi t diferenfially fegpoving ?rﬁmé‘??é‘méfe aa“"teé | ﬁ?‘@”‘s‘?i‘f‘ § 985100 198 cause

?L ! ?a%then%ﬂ%xﬁi%%'é ahviRPa fandetdr REBLWERPAWbuT SHicNE MrbERiM¥S SR tPIBRRESoMhE hi N
e layer and
layer of ruthenium and ruthenium oxide phases.

63. A method of forming a conductive structure, comprising:

forming a layer of electrically conductive material;

forming a layer of non-stoichiometric ruthenium oxide on the layer of conductive
material;

annealing the layer of non-stoichiometric ruthenium oxide to form ruthenium and
ruthenium oxide phases; and

roughening the layer by differentially removing the ruthenium phase relative to the

ruthenium oxide phase.

64. A method of forming a conductive structure, the method comprising:

depositing a layer of oxygen-deficient non-stoichiometric ruthenium oxide;

annealing the deposited layer for a time and at a temperature sufficient to cause at least
some separation of ruthenium and ruthenium oxide phases within the layer; and

roughening the layer by removing ruthenium preferentially over ruthenium oxide from

the layer.

65. A method of forming a conductive structure, the method comprising:
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rougheni ng the layer by renoving rutheniumpreferentially over ruthenium
oxide from the layer. 65. A nmethod of formng a conducti v BEruttire,

the nethod conprising: 19 0 7 0 E C 2004 formng a |ayer of electrically
conductive material; formng a | ayer of oxygen-deficient rutheni um oxide
on the layer of conductive material; annealing the |ayer of
oxygen-deficient rutheniumoxide to formrutheniumand ruthenium oxide
phases; and roughening the |ayer by differentially renoving the ruthenium

relative tofdrhmqgwtap&rummcm@hngegonaﬁcmgmmrhﬂd of form ng at | east one
capacitor in an integrated circuit, the nmethod conprising: formng

first condurming a layerof eawasnidsfiggnt wiheaivmuonidmen ?hﬁtlih’éhpfﬁﬁ“ék?t&é rr;zﬁ’a%rsaés
h £ f th

firat conqublfiglid B IREPGHENEARATIEE e TR Fth IERRHT 40T | T2

oxi de; rlitbémrngxﬁieqihedeecﬁnﬂl c | ayer on or in proximty to the remai ni ng

zones of rutheni um oxi de; (} form ng a second conductiyve Iah on or in
proxi mty t FPughening e daver pyqu fggﬁélpallyzﬁmovmgthe ruthenium relative to the ruthemum

oxide.

66. A method of forming at least one capacitor in an integrated circuit, the method
comprising:

forming a first conductive layer comprising ruthenium and ruthenium oxide phases;

roughening the first conductive Jayer by removing ruthenium from the first conductive
layer so as to leave remaining zones of ruthenium oxide;

forming a dielectric layer on or in proximity to the remaining zones of ruthenium oxide;
and

forming a second conductive layer on or in proximity to the dielectric layer.
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