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Field of the Invention 5 The present invention relates t ) uct or
devices and the fabrication Phereof Mor e particularly,‘@H@&gbégggt

i nvention pertains to rough conductive |ayers of ruthenium and/or

rut heni um oxi de. Background of the Invention 10 In the fabrication of
integrated circuits, various conductive |ayers are used. For exanple,
during the formation of sem conductor devices, such as dynam c random
access nenories (DRAMs), conductive naterials are used in the formation of
storage cell capacitors and also may be used in interconnection

structures, e.0gxebf | | , s As
menory devi ces_B%%a 3] FQ‘%E*?W?%?%@MW@@W% si ze of
circuit conponents LAVERS ANDSTIYCTORESNETRODSUSE(GISAMED age
capacity of storage cell capacitors of the nenory devices and at the sane
time decrease the nenory device size is to increase the dielectric
constant of the dielectric |ayer -Q! cell capacitor. Therefore,
hi gh dielectric constant 20 mateFl otfqﬁeﬁ%n such applications '

i nt er pos&d bet ween Thupredeatinveniitm relafdsdo semicondaciondevisesaindvhe i ous
conductive materials may be_used as the electrode naterial. Further, to
the increase tﬁ&@é‘ﬁ&ﬁ%@fcﬁ?‘ﬁi’a@c yerregent invegtion perfaipg togoughe nor v

devi ce wthoutcohagétﬁ,@qgg%gmthgﬁﬁ Hi]%{d!f&m amQYxiddre storage cell 25
capacitor, various techni ques have been usgﬁ toxllncr ease the surface area
of the |ower electrode of the capacitor. For exanple, hem spherical grains
(HSG have been used to enhange @uch.auiéaﬁ ar!ea of the | ower el ectrode
of a capacitor of a nenory de : g tive HSG techni que, an
HSG si | itgon sur f acemithe fabfidatih Fintegated RS2V ATovsQondudiRt Myelsa¥yer to form
a lower electrode having an increased 1 10 March 2004 surface area. For

exanpl e, such wedoBar thetfhrmation g€ perpigprangtay devices, lsachasni spheri cal
0 511 o g ! A PSS R i L "

cases, the use™”o _ nNCE surtace ar
the formation of storage cell capacitors and also may be used in

interconnection structures, e.g., conductive layers of contact holes, vias, etc.
15 - -~ As memory devices become more dense, it is necessary to decrease the
size of circuit components forming such devices. One way to retain storage
capacity of storage cell capacitors of the memory devices and at the same time
decrease the memory device size is to increase the dielectric constant of the
dielgct*ic layer of the storage cell capacitor. Therefore, high dielectric constant
20 materials are used in such applications interposed between two electrodes.
, '~ One or more layers of various conductive materials may be used as the
- electrode material.
 Further, to the increase the capacitance for a storage cell capacitor of 2
memory device without increasing the occupation area of the storage cell
25 capacitor, various techniques have been vsed to increase the surface area of the
lower electrode of the capacitor. For example, hemispherical grains (HSG)
. have been used to enhance such surface area of the lower electrode of a
capacitor of a memory device.
In one illustrative HSG technique, an HSG silicon surface is used as an

30 underlayer for a metal layer to form a lower electrode having an increased




| oner electrode is problematic. For exanple, when an HSG§ il %Oaurface S
5 used as an underlayer for a netal in a container capacitor c?'e.g., a

cont ai ner capacitor such as described in U S. Patent No. 5,270,241 to

Denni son, et al., entitled "Optimzed Container Stack Capacitor DRAM Cel |
Uilizing Sacrificial Oxide Deposition and Chem cal Mechani cal Polishing,"
i ssued Decenrinface bika. FopSanifie sach a ceexpasiiewbhductive laybofonmed) osérl | con

di oxi de between 1Q the HSG.sil.icon surfac nd th tal lLayer of which the
el oot rode. | s QISR SR SUELTERE MY o8 GOt SRR HEY due to t he
di ffusion of oxygepweldl Pudiny dScd BicAlse bRHIBG toferhidi@ surfidtfr&s bfthé he

possibility of silicon dioxide formation between the netal |ayer and the

di el ectri c b&wer elasiradelis peablematich & or ¢kamplej whemdn HE(Gi stlinentsurfacsyis t he net al

| ayer. Such sjilJ.con . di,oxide.formati.on is 15 |ikel ue t he oxygen anneal
o 7 8t or Spes SR G S ok R iRl A chRatior pinepugh Gl PRy 0 S0
or BaSrTi G3, capueltor stieh hodetrileddaa 1.8 Patent HYVSY270,241 @b Delthieo leg &L F 0de

connections are _necessary. Formation of silicon dioxide as described above
)1}

decr eases t hentitled “Optiniéd Gontgip Eappgitor PBAM Gelldfilizing t her , such

or

silicon di oxieges ! oY | by gﬁfﬁ% ]-5&9 QL. capaci tance,
t hus degr adi % t &eiglrs@%&rigge cahp(%lﬁayé%éfnﬁfzﬁgﬂce cgg)am g’r %é"‘gaprevent t he
di f fusi on of Dexgmber 14019933 tHdtiisa passibility of forming silicantioxide bétweenn of

silic thro e, metal | ayer, the e of, g .diffusion barrier, such as
titani mnitﬁ*?egé,gaﬁawaé'ﬂ&c@aﬂﬁ meel e otbich the lsods BEERD 1 orm t ho -
| ower el ectr Qdn ik ( 5P | i di?ﬁ?{ Xﬁ?ﬁ silicon
surface, 25 hovveveér.'iﬁea 58@‘*2’3@“??0 eknlg&gg.is)é(’)ﬂgitg%e togtrog\%l . For exanpl e,

t he contai nethropglrthemictal layent Burther, thegeds theqossibility of silidonaligxidenl | . Wth use

f nultiple | h i | ] face,.a di ffysi ier, and
Chen . | bwer TR bgEEs F5 queiALipger and o iplep i e Prmed SRS 1 apl y °
large size nmajffifon SRKlidof throfk e Metal 18¥e¥B BussiRéorPdidkidb foimtioR3s ri er | ayer

over an increased surface 30 area of an HSG silicon surface, and

theredft er alikelgicdue e theloxggananned aequired for fomapiemof igh dickstricase the
ol cotrode. 1 SR ARIEER, bR, 00 BTN obelihg Rl BREBICT O Sirrace 1
decreased by appl iHuweven reablehuectiolit uomotitmy aré aécekayR Forthation of
- silicon dioxide as described above decreases the reliability of the electrode
connection. Further, such silicon dioxide formation may result in a decreased
20 series capacitanée, thus degrading the siorage capacity of the cell capacitor.
- To prevent the diffusion of oxygen to the HSG silicon surface, or the
diffusion of silicon through the metal layer, the use of a diffusion barrier, such
. as titanium nitride, may be used between the HSG silicon surface to form the
lower electrode. The use of a diffusion barrier over the HS@ silicon surface,
25 . however, also has problems associated therewith. For example, the container
size of a container capacitor is relatively small. With use of multiple layers,
such as HSG silicon surface, a diffusion barrier, and then a lower metal
electrode layer, a container having an undesirably large size may be required.
Further, formation of a diffusion barrier layer over an increased surface
- 30 area of an HSG silicon surface, and thereafier a lower metal electrode Iayer
thereon, will decrease the effectiveness of the HSG layer to increase the
surface area of the lower electrode. In-other words, the surface area of the
HSG silicon surface is decreased by application of the diffusion barsier layer,
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10 March 2004 and then further decreased by the appli cat1i0qﬂ roé @{9‘?{ | ower
el ectrode layer. In such a nmanner, the effectiveness of i A 3 g the
| ower el ectrode surface area wth use of HSGis di m nished. Further, grain
size of an HSG silicon surface is sonewhat limted. For 5 exanple, such
grain size is typically less than 200A in nom nal diameter. As such, the

i ncrease in surface _area . provided_through use_of, HSG.is limte
accordingly. @%%Wergg?%ﬁggﬁg{emﬂéﬂﬂnﬁgfbﬁl?wg%8‘%?88% r,‘dIF*or exanpl e,
netal s such a%dﬂﬁﬂﬁﬁﬁéﬂ,%@gﬂ‘eoﬁk@ﬁés@%cﬁ@ﬂn%ﬂﬁ%ﬁéﬂél&:ﬁﬁé@ﬁrf&éia%& such as

10 rut heni um oxi.de, have been proposed as the electrodes for at |east one
of the | ayer wilfuseof BiS&cisdoaiaishedick for use with high dielectric constant

materials. Rutheni oxi de d t i.4m el ect rodes have,. | oyed as
el ectrode materi a@%@rc%%“es%oﬁa#ﬁ%(gF#\W@sﬁcgéssﬁq'@e“&agﬁgggtghﬁ%t erials.
For exampl e, ' eka@mple duich lotuiesite Is|t@sically(1B&, thin J00CR iThémihaPliepeterdAby Li qui d
Source Chem cal 15 Vapor Deposition on Ru El ectrodes ," by Kawahara et al.
Jpn.J. Appl. Bwghsthe ingzspse inshefacg gpep provvided through usgeBHBGHR r 1996), pp.
4880- 4885, degeldipsiyt he use of ruthenirum and rutheni um oxide for formng
el ectrodes in conjufiction wth high dielectric constant materials. As
descri bed therei n, Gemefallygevarivosmyetaly ang modtaltio compwirets) for sxamsplaahétalsed t o

attribute to deqradation of the.20 structures bej forned.. Further, as
descri bed t heSBEHAS TRl and “Pbtaﬂéﬁ?‘ﬂﬁ’l"'ﬂ‘%? Féﬁ’é}‘&‘asv\ere deposi t ed

by physjgcal vapBenid@RAgid, have HeBlY BlopBQCATAE A8etrdled for ot RAGIINERFIRE
sputtering processes. Many storage cell capacitors are fabricated which

i ncl ude el ect layges ofaparlestodeisiack tor nes wish high dicleciriclconstant materials. al within a
smal | 25 high ¢t ratiq | nQg. i eall sputteri does nmot provide
a sufficientl )ﬁ%%h%lp%die @gg‘gﬁe%‘%%&%ﬁggﬂﬁ? B?‘%ai@@ﬁy%fg"sg%%?@%t rode
llayer Wi thin shgérids beomadd offhedbility e e4sily 2tdhGuelp aidteriils. Hor Skbmnpie hef t he
I nvention There_ is a . need in the art to increase the surface area of a
| ower article entitled, “(Ba,Sr)TiO; Films Prepared by Liquid Source Chemical
15 Vapor Deposition on Ru Electrodes,” by Kawahara et al.; Jpn. J. Appl. Phys.,
Vol 35 (1996), Part 1, No. 9B (September 1996), pp. 4880-4885, describes the
use of ruthenium and ruthenium oxide for forming electrodes in conjunction
with high dielectric constant materials. As described therein, surface
roughening of such materials is believed to attribute to degradation of the
20 structures being formed.
Further, as described therein, ruthenium and ruthenium oxide materials

were deposited by physical vapor deposition (PVD) processing, e.g., reactive

RF sputtering processes. Many storage cell capacitors are fabricated which
include electrode layers that are formed of a conductive material within a small

25 high aspect fatio opening. Typically, sputtering does not provide a sufficiently
conformal layer adequate for formation of an electrode layer within such a
small high aspect ratio opening.

 Summary of the Invention
30 There is a need in the art to increase the surface area of a lower
electrode structure without increasing the occupation area of the capacitor
structure. Further, it is desirable that siich an increase in surface area does not

have one or more of the problems described above associated with the use of
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-el ectrode structure without increasing the occupation qhﬁam%£25&$ _
capacitor structure. Further, it is desirable that such an inCrease in
surface area does not have one or nore of the problens described above
associated with the use of 3 10 March 2004 HSG To overcone the problens
descri bed above, and others that will be readily apparent fromthe

description 1SG0%Wo ovekeie BRI HEBlcnsSics @ BboYe, ahd bIR8RtHAPvANeOr I Ut heni um
oxi de are formed according to the present invention. For exanple, a rough

conduct i ve |rggdily appareniofcory thedaseription bdowmough conductise layrss obwer or bott om

el ectrode of capaci t,or r.uct ur.e i ngreasjng the syrface area of the | ower
el ectrode w%&“&?@%@%ﬂm?@%%ﬁﬁ%ﬁa@% tg:#%e&ff?ﬁout the need for
HSG si | i con ingértivhi For exdfaplés@ rdugh Etidutbiive @jer ifchiling hthéhimntah B6s danger of

silicon dioxide formation, Further, the use of a rough conductive |ayer of
r ut hen? um arniésed s thedoneron brisameeleiipde pEa geanaciiocbsiTigcreasing it s by

el imnating “gﬁ:p ;—‘@g; [ L . 'gﬂ ?ﬂ :gaﬁﬂ- fogmation of a
di ffusion barri er&S%Ofn@%l!lo fcgércl‘#oggﬁq“{r]llg{rgﬁ%ug 'cgn u tlglel%‘fegfg{rl (e.g., a

| ayer havi ngwithout Bidhead fdrdf3G silicgh famsation. AsHE@ eilicdn Hhwitusél) thdrd 0 about
bO0 A) in the, fabricaLi.gn of integrated circuits according to the present

i nvention i rﬂéllfﬁ?agé‘]gfsoéﬁ’ﬁ%“di‘ﬂﬁ‘%ﬁ% Pa%@‘ﬂa?s&‘ﬁﬁ‘ﬁ oF g eacti on chanber
with the subsigadive 1478 B Ritenkif bR fxRentith bR malf d@%&ﬁ ifgassenbl y
surface i s maintail ge_ at "a tenperature In a rand‘ééglo}f% a %&%%0%: t o about

400C &0d t hecostsdyslimsnatingtthencadefar HiS€hsiticmrfosnation andipossiblyed i n a range of’
about 0.4 togr to a‘g%lrjfhﬁég tﬁrn- A carrier gas at a flow rate of about 100
seemto abo .ong%ons %‘? FH§Ed 20 through a ruthenium cont ai ni ng

precursor nai nt ai AekkiRdd fr fRAREE 8 kovph @hdaRRE layed b, [ PlagBionvinkMAC i nto the
reaction chanber to deposit a rough Tut henbgfm | ayer og the surface of the

substrat e asBMfhyyface fpughnessinse eango of akovt §0 étomheut 90 ththe et hod may
nci o Bt okt SR il et 0Bl RGO 1 o 200
be mailfit ai neprogiding 4 sibpiesta hasembiynint dyeactivddbamberbi thelsubsirdte about 250C,
Lhe Tough Ul e chuding a surface. The substrate assembly surface is maintained at
a temperature in a range of about 100°C to about 400°C and the pressure of the
reaction chamber is maintained in a range of about 0.4 torz to about 10 forr. A
carrier gas at a flow rate of about 100 sccm to about 500 sccm is provided
20 through a ruthenium-containing precursor maintained at a temperature of about
15°C to about 100°C into the reaction chamber to deposit a rough ruthenium
| layer on the surface of the substrate assembly.
‘ In varioﬁs embodiments of the method, the method may include
providing a diluent gas at a flow rate of about 100 sccm 1o about 500 scem into
25  thereaction chamber, the substrate assembly surface may be maintained at a
temperature in the range of about 150°C to about 250°C, the rough ruthemum
layer may be deposited at a rate of about 100 A/minute to about 500 A/minute,
and the method may further include annealing the rough ruthenium layer at a
temperature in a range of about 300°C to about 900°C for a time period in a
30 range of about 30 seconds to about 30 minutes. Further, the anneal may be

performed in a gas atmosphere subjected to a glow discharge created by

applying an electromagnetic field across the gas mixture.




| ayer may be deposited at a rate of about 100 A/mi nute 19 I\%’r@HEOﬁQ
Almnute, and the nethod nmay further include annealing the rough’ ruthenium
| ayer at a tenperature in a range of about 300C to about 900C for a tine
period in a 30 range of about 30 seconds to about 30 m nutes. Further, the
anneal may be perforned in a gas atnosphere subjected to a gl ow di scharge

created by applyi ap el ect r.oma etlcfleld cross the.gas m xture. 10
March 2004 |n anat %Pﬂ’gf (?85‘% Jo the R g@'ﬁ’r‘i’f’f}f}ﬁ@gﬂ’}g@n for forning
a rough condm@hu@duaﬁeélayammfaahwmwwegémaaﬁaﬁfsaae&s&h&cw ts, a
substrate assenb] |nclud|ng a surface is provided in a reactlon chanber

A rut heni um awsemblyin gdlpge@wf@@rlsp@vpﬂqdwaé@mmm Aawthesivnzhanber and
a rough 5 rut Qﬁﬂuhﬁﬁk gﬂgﬁé substrate
assenbly at arate g;?éé%%sg fs;%@ﬁﬁ%%?%ﬂ:{%g ou &ggﬁgkféﬁt@u preferably
at a ratse of aﬂhmﬂuﬁ&@erﬂ/depmlbéohﬂh@hmﬁbeeﬁﬁeéﬁhmmta%seﬁm?htmmt hod for
formng a rou con ve | aye Iayer aving an_RMS surface
roughness in gp &}w rtgeém(&%f)@ rebrally aha fage of 2howt 204 i cat i on
of integrat edg%%ltggb@,p‘ggbm/ﬂglﬁg the pr esent i nvention includes

provi ding a substrate assenbly having a surface into a reaction chanber. A

r ut heni um cont ai ni Agothemﬂmd!foﬂﬁiﬂpﬂ@\ﬂrdeghmnctlmaywéﬂ;gl,aﬂnyehanber al ong
Wi th an oxygep-.cont recur A rou r.ut Xi.d yer is
deposi ted on Eﬂ%“%?ﬁwg# %’g@ﬂ'ﬁ%ﬂ?ﬁfa@ @%‘P‘éaéﬁoﬁg’?‘éﬁ@oﬁ“&bout 100
15 A/ miut e tme@mméﬂeﬁmeég@ate&&mwaeé&mkcvmeqs&esamrﬁ%&ﬁahxﬁ&m& 300

A mnute to about 600 A/mnute. |In one enbodi nrent of the nethod, the
r ut heni um conPHEVidingp sbstrateasiembly having » safhce into areaction gbambar. dharber by

providing a c 'ﬁih IBsitaft 9_@% Eﬁg m,t 0 .about 500 seem
t hrough the ru éen| um conng’ﬂ%\g %’F&:‘%%%BQH&G%%? g%mﬁﬁﬁ rt‘%rrperature
of about 15C mhahmygemaﬁxamgptmormtmgﬂmﬂfeﬁhmwﬂﬂemefmer Further,
t he oxygen- cogt ai M‘gb{% sor provi ded Lynto the reaction chanber at a
flow rate of éE#{“Eed’f %?Hbs%@ﬁ? emblyat aratepfgbputd¥Bodi nent s of
the metfwpd, tﬂﬁnﬁnﬂf&%%ﬁéﬁm@%ﬁﬁt@%&@ﬁﬁxaiarateofabout300f\lmmute

to about 600 A/minute.

In one embodiment of the method, the ruthenium-containing precursor

s

is provided into the reaction chamber by providing a cartier gas at a flow rate
of about 100 sccm to abourt 500 scem through the ruthenium-containing
20  precursor maintained at a temperature of about 15°C to about 100°C, and then
info the reaction chamber. Further, the oxygen-containing precursor is
provided into the reaction chamber at a flow rate of about 100 sccm to about
2000 scom. ' |
In other embodiments of the method, the substrate assembly surface
25 may be maintained at a temperature in a range of about 100°C to about 400°C,
the pressure of the reaction chamber may be maintained in a range of about 0.4
torr to about 100 torr, and the rough ruthenium oxide layer may be annealed at
a temperature in a range of about 300°C to about 900°C for a time periodin a
tange of about 30 seconds to about 30 minutes, Further, the anneal may be
30 - done in-a gas atmosphere subjected o a glow discharge created by applying an
electromagnetic field across the gas mixture.
A conductive structure according to the present invention includes at
least a rough ruthenium layer. A surface of the rough ruthenium layerhasa
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25 maybe nmaintained at a tenperature in a range of about1 Mgrgﬁ: 2b84 about
400C, the pressure of the reaction chanber nay be maintained in a range of
about 0.4 torr to about 100 tort, and the rough ruthenium oxide | ayer may
be annealed at a tenperature in a range of about 300C to about 900C for a
time period in a range of about 30 seconds to about 30 m nutes. Further,
t he anneal y be 30 done in a gas, at m)sphere subjected to a gl ow di scharge
created by areaef a sempleielysmoothxt ure. A

akea
conduct i vemﬁﬁ:g ‘Hﬁg %ﬁﬁﬁﬁ:%iaﬂ | EME | udes at | east
"a rough ruthenium Tayer #eglgéﬁ %qug%ug r&?ﬂ‘% Iayer has a 5 10
Mar ch 2004nnhmﬁm&me&e@emﬂyahe&mmwtﬁmmm Stffeadlee area of a
conpl etely ot h face hayi ng a substantjally |dentical shape as the
surface ofs‘f"%e é’% oot yurtase Epég}%ﬂubﬁtﬁ’éh@hﬂf‘%@aﬁr ea is
greater thap,ahome s acébf'ﬁér(f%m%l-}ﬁl & ea of the conpletely snooth

a ent | ca?'

surface having the substanti shape. as the surface. of the
rough rut heni unﬁ@@mboﬂmﬁsmf&m%umwmmehmmnmve structure,

t he conducf,V struc une na C non-r o r.ut heni um u;)on_which t he
rough ruth may iaglpde gon- ‘!&E\M@l&m &E RthengpR ismy i ncl ude
nog, r oughfdmemenméw;seomeﬂ&naﬁ&fve\am;&ﬁréﬂ&y {deHie nbﬂlrbﬁgu Ht8flehfih OF TEd.

Anot her conductive. structure according to the present” i nventton includes

at | east aﬂﬂéﬁwll@h‘érﬂi@m@m@wmfomdurface of the rough ruthenium
oxi de | ayer has o eat er t.han out 1.2 tines a surface area
of a conpl et el yAg?rtti)% %@@Pﬁ %“%iﬂﬂ’ ﬁ‘i“ &‘ﬁlﬂ ?‘lﬂ?ﬂtlcal shape as
the SUVfaCmchﬂeﬁﬁﬂei@H@bu@ihﬂfﬁﬁ;ﬂﬂbﬁd&l’@eﬂ A)éﬁffaoeﬂiﬁﬁ@f&igh , the surface
area. is reater than about 1.5 times the surface area of the conpletely

snoot h surFskesum g¥idedayesdas a surfapsarea greatensban sloout lé)ﬁapesasxrfaqe surface of
13, o A BB B B, o,
whi ch the thesgifaceifithaiouph rathetioni 6xidd Bye PreRrlylalic sefloogieadnt s of the
present i nvent | ﬁaanaiaggt 1a Ct)l\xlne&sthesmfacea:eaofthecompletely smooth surface
havmg the substantially identical shape as the surface of the rough ruthenium
~ oxide layer
In other embodiments of fhe conductive structure, the conductive
strecture may include non-rough ruthenium upon which the rough ruthenium
oxide is formed. In other. embodiments of the present invention, the above
~methods and conductive structures may be formed as pait of a capacitor
. Structure. For example, the conductive structure may be formed as a first
electrode or bottom electrode of a capacitor.

A method of forming a conductive structure according to the present
invention comprises forming non-rough ruthenium-containing material at a first a
deposition rate; and

forming rough ruthenium-containing material on the non-rough
ruthenium-containing material at a second deposition rate, wherein the second

deposition rate is greater than the first deposition rate.




met hods and conductive structures may be: formed as part1(¥)hapchgfb%gcitor
.Structure. For exanple, the conductive structure nay be tornmed as a first
el ectrode or bottom electrode of a capacitor. A nethod of formng a
conductive structure according to the present invention conprises form ng.
non-rough rutheniumcontaining material at a first deposition rate; and
form ng rough rut Rem JimeGoReal itﬂg‘ terjal.on_the,.non-rough

rut heni um cont ai ni ng _rratée}r Pgael H;t TG B KPG8 PTURE :}%ttg? %(Wg?tei n the
second depyshtidnogpmprises pevigliegh enbdtfasenassdrabliiif it red@oasdhbinger, tiate. 6 1 0
March 2004 r- use in formn capacitor according to the present
i nventi on g@ﬁ%%?%sgm%%&gﬁaﬁiﬁgatale%BgeE g’ﬁgge’éggenbl y in a reaction chanber,

the substrate &sséngdnyelediodeOh g @ leabesht lsudiR oF hd RG/ratdferhi@yM Ng an
el ectrode on t he, at. | eas ong surface of the substrate assenbly, wherein
forming th¥ Sﬁegb@mgﬁﬁfhw ®SOMPRSEE;i di ng a rut heni um contai ni ng precursor

nto the react i pvidhaiTe et LRARhE ibuRof HH6Me YaRER updigyer on the

surface of the substrate assenbly fromthe rutheniumprecursor’ at a rate
of about 188 A/nminute to about 500 A/ninute. Another nethod for use in

form ng a capacj +ACCordi . sent. inventi conprises providing
a substrate assg%v%lg?ﬁgnggg#%gétﬁ%%&gh%%er? tP%esu g“(fbgﬂlg? é‘ggsg?genbl y

i ncl udi ng -awsenblydiony tie mthehimoepreansbriad b rata @f about 1160 Araiaton dbbe at | east
one surfacgoygjnhg substrate assenbly, the form ng of the el ectrode )
conprising: providing a rutheniumcontaining precursor into the reaction -
chanber, providing an oxygen-containing precursor into the reaction

chanber, and dggotﬁiﬁrti n‘glpg rough rut heni um oxi de | ayer on the surface of
the substrate aS8hE] relpd for usedn fprmipg grcapapitoppsrording to the aisesent 1200

Alminute, idertRinMcopises PovidHEon IQ5EaR' astdhib1y B A heldto CRbMBL Ol e | ayer s
fnat angesu 'fstraﬁg gsggml?l?( ilﬁ:llgd()ing at least one surféce; and
forming an electrode on the at léast one surface of the substrate assembly,
the forming of the electrode comprising;
providing a ruthenium-containing precursor into the reaction chamber,
providing an oxygen-containing precursor into the reaction chamber, and
depositing a rough ruthenium oxide layer on the surface of the substrate
assembly at a rate of about 100 A/minute to about 1200 A/minute, wherein the
RMS roughness of the rough ruthenium oxide layer is in a range of about 50 A to
about 600 A or a nominal center cross-section area of grains at a surface of the

rough ruthenium oxide layer is in a range of about 100 A to about 800 A.

A capacitor structure according to the present invention combn'ses a first
electrode formed of at least a rough ruthenium layer, wherein a surface of the
rough ruthenium layer has a surface area greater than about 1.2 times a surface
area of a completely smooth surface having a substantially identical shape as the
surface of the rough ruthenium layer;

a dielectric layer formed on at least a portion of the first electrode; and

a second conductive layer formed on the dielectric layer.

6a




about 600 A or a nom nal center cross-section area of gr@,@ir @5 @surface
of the rough rutheniumoxide layer is in a range of about § g\ o0 about
800 A. A capacitor structure according to the present invention conprises a
first electrode fornmed of at |east a rough rutheniumlayer, wherein a
surface of the rough rutheniuml|ayer has a surface area greater than about
1.2 tinmes a surface area of a conpletely snooth surface having a
substantially identical shape as the surface of the rough rutheniumlayer;
a di el ectric | apaothencaprdton strnaturt ecsidiag pahe pmneminvbhte)nfdomﬁswaect rode; and

a second cqnducti v formed on,th dJ el ec c | ayer.. 0 March 2004

Anot her caggéF]FB‘FOdgttj?‘ﬁ'@tﬂfét%ﬁGrrﬂ?@gm mflﬁbmﬁﬁaeei%?{ ?{v‘é'r?ts A“Conprises a -

first el ecof®deoighirimenith cxide!1®As hada SRGH afed ichatr dinakoutd.J tyiey , wherein a

surface of the rough _ruthenium oxide |ayer has aﬁﬁ?g{aff?ély ,grea reater than
A r

about 1.2 @isyeace gea gf paompltedy sarolh sBkHse dprpg & fME2having a
substanti akﬁz?ﬁe'a?&@tshﬁé’ée &ﬁﬁg@u@smmg&u%,&@é:ﬁy&f the rough rut heni um oxi de

| ayer; a dielectric layer forned on at least”a portion of the first

el ectrode; and adlmyﬂﬁrm@mwelehﬁmommm st elepdrodesa@pdcet ric | ayer.
Brief Descripti tion will be better
under st ood fromg;g%a dwf u%w?efvfaﬁqg%nn;%ﬁ% 3@%@?%%‘?‘8% illustrative

enbodi ments with reference to the attached drawi ngs; wherein below Figure
| A generally shows a rougj CdUCII e l.gye of elther rut heni um : or

rut heni um oxi de for rred ort ; ; SE STHTES cording to the.. pr esent
i nvention. Figufgeg ﬁv&ﬁb&%ﬁ@eﬂé@&r od 1R a surface of the
rough conductive’ “ayer of Figure. TA6b 10 March 2004 Figures 2A. 2D

i 11 ustrat efolowing descrptionef illestrative sinbbdiméemg withreferguce tother el ect r ode
accordi ng ati)acﬁefdg esen%vh&réve&tll on for use in a capacitor

. Figure 1A generally shows a rough conductive layer of either
ruthenium or ruthenium oxide formed on a substrate assembly according to the
present invention. N
Figure 1B is a detailed diagram of a portion of a surface of the rough
conductive layer of Figure 1A.

&b




structure. Figure 3 is an illustrative diagramof a confAl, ? :%ﬁga0|tor
structure 5 using a rough | ower el ectrode formed accordi ng the present
invention in a storage cell capacitor application. Figures 4-5 are exanple
rut henium layers for illustrating the conparison of rough and non rough
rut henium | ayers. Figures 6-7 are exanpl e rut henium oxi de |ayers for

illustrating the r no y then m oxi de
| ayers. Detatl ed Des Qg?goirﬁg'#@fe I]:Igr%{l)@l %ﬁ?ﬁlﬁ@b{%&é&gﬁ?@ ntion shall
be descri bed geﬂwdédubdmb&rdﬁéwﬁﬂmséﬁmWUﬁﬁﬁtuhehaﬁlﬁcﬁaﬁter an

il lustration of a capacitor structure application of 15 the present
i nventi on shalSFuffEdescri bed with reference to Fi gure 3 and Exanples of

form ng rough ruthgn él!fg] lﬂﬂi&g&? %m] (o) ven with
reference to Figures I gn ure Al&sl% Wsl&g]astirlau%tete%ﬁ&% including a
substrat® assexshig;aﬂ:ﬁghhﬂvaelacﬁu@rfemddmmﬂmgtmﬁhepmgartlﬂvfbnthnma, a | ayer

havi ng a rough surfage 19.. The 20 .present invention describes nethods of
formng rougheHEaeT Pagits applieaien. oy chermi cal vapor deposition and

anneal i ng. General Imﬁan_sr@eemﬁémﬁamﬂﬁyers%m}@&a&fgﬂhé formed of

rut heni um and/ or rutheni um oxi de.” Roughened "surfaces of conductive
mat eri al s f or reo@patiswy of teych and mn-ropgle odhenivmlaygts. on are particul arly

dovi ce such as o DREByyE e n BBk GR xR Bl P fifenbibe Brc et hods of
provi di 19 r ougdnparishicéf nom-toayk ked ongh rifhéfam bRIdEayeds. heni um and/ or r‘

rut heni um oxi de l'ayers can be used in any application or structure in
whi ch a rough conductive |ayer would be useful. As used in this

application, substrate assggahya el a3t BRibdmEn&eM conduct or
substrate such as the basemﬁm‘ﬁ@%r%—e_‘rr owest | ayer of
a silicon nmaterial 'ﬁememtmvpnﬁnnshaﬂbbdesmb@mrallypmﬂlteé‘demtanot her
material, such.as s n_on sa ire,.. of a sem conductor _substrate having
one or nore IPE ic?l'cﬁ{ei’??&e Fggﬁ {%‘aPé‘B‘FP &F“?‘@@QP&’?Wd t herei n.

When 7 15 the present invention shall be described with referénce to Figure 3 and

Examples of forming rough ruthenium and rough ruthenium oxide layers are
given with reference to Figures 4-7. ‘
Figure 1A shows a structure 10 including a substrate assembly 12 anda
roughened conductive layer 14, i_e_, a layer having a rough surface 19. The
20 present invention describes methods of forming roughened conductive layers
by chemical vapor deposition and annealing. Generally, the roughened
conductive layer 14 is formed of ruthenivm and/or rutheniuim oxide.
Roughened surfaces of conductive materials formed according to the
- present invention are particularly usefil as a lower electrode of a capacitor
25 structure for a memory device such as a DRAM. However, it should be
understood that the methods of providing rough conductive layers including
rough ruthenium and/or ruthenium oxide layers can be used in any application
or structure in which a rough conductive layer would be useful.
As used in this application, substrate assembly refers to either a
30  semiconductor substrate such as the base semiconductor layer, e.g., the lowest
layer of a silicon material on a wafer, or a silicon layer deposited on another
material, such as silicon on sapphire, or a semiconductor substrate having one
or more layers or structures formed thereon or regions formed therein. When

7
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10 March 2004 reference is made to a substrate assenbly i, &Qﬁzadllomnng
description, various process steps may have been previou y used to form
or define regions, junctions, various structures or features, and openings
such as vias, contact openings, high aspect ratio openings, etc. For
exanpl e, as used herein, 5 substrate assenbly may refer to a stricture upon
which a Iowf&ﬁH%&ﬁfammeﬁ%ﬁmmuwg&s&mﬁm,dvad&xsw Il be
understood that the nethods of the present invention are typically
performed i rPreeRssieps moxpeve keeppreviqusly veelto) foemandetine ssgiothe type used to

process sem. ﬁﬁ&ﬁo‘ﬁ%té’m Y@Lﬂcw ﬁgg%%gsent edil tas‘;\'rth %’Z'%?d for 10

deposi ting Iayers hccordlng I'nvéntion nmay’ used. For
exanpl e, t heopeMingpiglesspes radsofeniing, éterﬂmmmplé;asﬁ&rdrheﬁn,out in a

chem cal vapor dep03|t|on reactor, such as a reaction cha avai l abl e
under ?he trWatratyassembhf mayrelir toaglust HDER hich ¢ lnwver elsgodanfie, ca), a
reaction ch | er the trade designation of 5000 from

t
Appl i ed Mater gflsor%% anta Clara, CA), or a reaction chanber

avai | abl e under titeﬁﬂlbadadﬂmsb@ﬁ:atthennetbddsmftbmprbsemiﬂ\bnhwm¢ Inc. (San

e sod. CneWPRTY bedinet G SRt 1958 Gepriioh (GUDS FEpal s PERTST o

nonvol ati | e useAhé PrdcbisBeRicondiiiShafeisCalthbubRARY b@ipRbat 4R HicthdPRR
reactants, i.e., reacting 20 gases, that contailn desired corrponents The

react itfig gas@oaiﬁéglmmmgltmﬂwpmtmmowxh@m Fofrhe gas is

deconposed and [§ e a _heat surface to, sired.
oy chom SrE Ihe €Tl p@ectildeentfRlyHoreis ol B Baklla of Pl ! { 1T
layers on seveipop depisitivh et Such a¥eledtfioh chamb@favaitibknileathermRidal s or

conpounds, e.g atinum ruthenium ruthenium oxide, 25 etc. Chem cal

vapor deposi @W %e&%@sﬁw@@aﬁam Sumypale, - A)ageantignichambefnf or mal

i R T T

proced§ing i §anﬁ@lam;ﬂﬂ)yonmdc&on cﬁnmbemtaraﬂauh undmﬁhehndedemgaamnm t h| n
T S0y S OIS AR A AR
art that alt Qﬁ%ﬂa forperformmgCVD maybeused.
Chemical vapor deposition is defined as tht; formation of a nonvolatile
. solid film on a substrate by reaction of vapor phase reactants, i.c., reacting
20 gases, that contain desired components. The reacting gases are introduced into
the reaction chamber. The gas is decomposed and reacted at a heated wafer
surface to form the desired layer. Chemical vapor deposition is just one

y process of providing thin layers on semiconductor wafers, s_uch as films of
elemental metals or compounds, e.g., platinum, ruthenium, rutheniuin oxide,
25 etc. Chemical vapor deposition processes are capable of providing highly
conformal layers even within deep contacts, container openings, and other
| opénings; 'Thus, as described further below with reference to the figures, CVD
processing is_prefel_'#biy used to provide high conformal layers w1th1§ openings
, _ such as for lower electrodes of storage cell capacitors, e.g., container
30 capacitors. It will be readily apparent to one skilled in the art that although
- CVDiis the preferred process, the CVD process may be enhanced by various
related techniques such as plasma assistance, photo assistance, laser assistance,
as well as other techniques.




CVD. is the preferred process, the CVD process may be enllaemggg B vari ous
! . ! reh 2094
rel ated techni ques such as plasma assi stance, photo assistance, Taser
assistance, as well as other techniques. . . 8 10 March 2004 As used
herein, the term"deposition tenperature” will typically refer to the
surface tenperature of the substrate assenbly or layer on which a materi al

I s bei ng deposited; maflow.tate.as used in,c ection W th gas
flow rates wll tf‘bsi S %‘%’%@%lﬁe 0 63%315%{%wPPPW?aW§P€’HC Y FRiSToD
- reaction chantiersurfacesethpeinture of the sUBRRS sb@nblp bR ¢ which la hat@igal |y refer

to the pressuce i.n éﬁhe . _gechanp r. Further, it wil] be understood that as
used in conne&sci?eé‘?’g PO termp matenasnispd in conpectiog with gasiloar | ng" may be

performed in W{Frﬁi@gy)ﬁ i | C bei ng forned
to any conbi ngéiigson of 1 tgcr?p%le_rﬂlaet%%guan t"gﬁ‘@?@%re gfs‘&g’ p?thé%%fﬂerm ned time
whi ch widl | enhadthe tetie“depositiar pressuest willl typieallyore@ 16 theGresisinedn kiay er

deposi t ed. Sﬁmnge. ling may be performed in a gas atnosphere and with or
wi t hout plas fi nt. One preferred nethod of form ng a rough

conductive |ayer lfujtBerdit will®pafddritBed that s 1L i onddih ¥ih 8D The CVD

process is conducted with a 15 ruthenium contal ni ng precursor being

del i vered to BresgidevesfionHbgison “amisalivgit maybepaformed & the GYPI onal | y be

provided to t ' er, The rutheni upr contai nin recursor my be
B qui d or o afifdShd BRLERSE e Tl Riine ikl A bt ,‘
precur 96r s ar enhperatimand iptesiiire Yorad Srod@ekdifed tihd Vhih illneh&eal Y -'

sufficiently soluble in an organic solvent or have 20 nelting points bel ow
- their deconpogﬁuif?cﬁﬁfqaé#ﬂ&rﬁpﬁh@mvﬁlﬁmrqchﬁﬂ}w@aﬁﬂﬂeanmﬁmmwwash

vapori zat i on, poubaldd d D i AHE Sl E:  However,
t hey may al sop%g suf ?lﬁf:li'g(é:ﬂrlif‘:tfﬂ;;?)5 é%ﬁ%a%q %ﬂp%gﬁltgﬁ‘gﬁ%% ‘%ﬁ‘%‘%ﬂ“oe? zed or
sublinmed from the Speipdefetral method offdabnga rlughicoaduciapRyeierig iyt i on
t echni ques. Thus, .t he precursor Go i t]0 f the present invention can be
in 25 solid gmsf%acf%?’rw“ %&”ﬁ%@s ﬁe?‘éﬁe&‘?nlpﬂfﬁﬁﬂs cordusted wish a sol uti on
or a ndgt | i guthéhifra-dohttiifl HleckBOM B RINEHS 2 Pachors Qdnthed! DIAGHY
tenperature that nelts-at _ )
gases may also optionally be provided to the reaction chamber.
' The ruthenium-containing precursor may be a liquid or a solid at room
temperature. Typically, however, such precursors are liquids. If they are
solids, they are preferably sufficiently soluble in an organic solvent or have
20 melting points below their decomposition temperature such that they can be
used in flash vaporization, bubbling, microdroplet formation techniques, etc.
However, they may also be sufficiently volatile that they can be vaporized or
‘  sublimed from the solid state using known chemical vapor deposition

techniques. Thus, the precuxsor composition of the present invention can be in
25 ‘solid or liquid form. As used herein, “liquid” refers to a solution or a neat
liqﬁid (a liquid at room temperature or a solid at room temperature that melts.at
“an elevated temperature).  As used herein, a “solution” does not require
" complete solubility of the solid; rather, the solution may have some
~ undissolved material. Prefesably, however, there is a sufﬁcientlaj:nolmt of the .
30 ' ‘material that can be carried by the organic solvent into the vapor phase for
chemical vapor deposition processing,
Preferably, the ruthenium-c;mtaining precursor is geperally a liquid
‘precursor. The ruthenium-containing precursor may be, for example,

9




an el evated tenperature). As used herein, a "solution" 0 uire
conpl ete sol ubirr})i ty of %he solid; rather, the solution ﬂ@@ﬁﬁ‘{g goéfc;?re
undi ssol ved material. Preferably, however, there is a sufficient anmount of
the 30 material that can be carried by the organic solvent into the vapor
phase for chem cal vapor deposition processing. Preferably, the

r ut heni um c diraghanyh(t, prydehesadien )Ry 15,0, (€M, )R, dr ampr etherr sor . The

rut heni umc Wk Ning precursor maybe, for exanple, 9 10 March 2004

tricarbonyl 8'9%?’?—%@%“?'“ %W@P@)ﬂ%’f%lHlQOz((BHM)Ru, or any ot her

sui tabl e rutheni mfmaa&haﬁmhnﬂnam% feiirsot s alillid, WA b MRIRERIRI Ni ng
e

precursor is a liquid, it may _be i vered through use of bubbling
t echni ques. theavweluge|of bubbling trehmiquen Generally, theliquid presimsertisi n a bubbl e

_ _ _ : theliqud, bubb!
Gae, e, SoSAE M St SRR R nEE A Al Gk sl Bl coss

(e.g., nitregeotheringrigas, heon gasithd Msawareaciive Wik S8k gdsts M eproMesds, the
carrier gas is hubbled through the reservoir contalning the precursor to

del i ver t he §¥eBiFOSER fgPm PO%, aRxenoR) insftsdr In etheryerdskihe cargiern the art
Wi || r6009“giseisfb'ﬂ%le&Flﬁmi%ﬁﬁéfesk&op@ggﬁ%ﬁg&&iﬁgﬁmo?%déﬁv gduced into the

reaction chanber may include one o ‘ techni ques.” For exanple, in
addi ti on t oppacussostosthe actiorbdiaerbet.echni ques, the introduction maybe

accoqpl i shed with the.use of conpounds.whjch are gases__at_ room tenperature
or bgaheati ng a %eﬁﬁlﬂé@’%@'ﬁﬂw%rm ?ﬁb“ﬂgﬁé’li@l%@gﬁeﬁ conpound ’
to the reaCbi‘dIﬁtr@dh&ﬁh%itoﬁiﬂt@&tﬁn%ﬁ:hb@fmﬂfﬁchﬁ%%h@%fvarﬁﬂsi d precursors ‘and
various nethods, of vaporizing such solid precursors may also be used for

i nt r oduct i offcbriques diexexamplapipwdditionrie pravision hy blshler téchniquedy, the he  pr esent

i nvention ig.not kimt 0..any. particul ar technique. Further, typically,

the reacting gasei!é6 ar eﬁ%%@gﬁ%ﬂ&%vg@%ﬁ}e&sgﬁm@o Ich 259233852 di ti on to

the other gasmenprempesiade boby heatingaciolfile 6HBHHRT and BeRRlAngIRE  di | uent gas,
a gas %{ua . is nonreactive Wwth the reacting gases, may also be

lI.e.,
i ntrdduced I fo thezenctien chamlhes wgingairartsa gas. Furensolides of the

gases “precursors and various methods of vaporizing such solid precursors may also
| be used for introduction of reactant compounds into the chamber. As such, the
present invention is not limited to any particuiar technique.
| Further, typically, the reacting gases are admitted at Separaie inlet ports.
20 In addition to the other gases provided to the reaction chamber, an optional
diluent gas, i.e., a gas that is nonreactive with the reacting gases, may also be
introduced in the chamber such as to change the partial pressures of the gases
therein. For example, argon or nitrogen may be introduced into the charober at
avaxiec‘lﬂoﬁvra’te.‘ o |
25 | ~ To achieve the desired roughness for the rough conductive layer 14
formed of ruthenium, a relatively high deposition rate is used. However, step
coverage must be maintained at the high deposition rate. To maintain such
step coverage, ghigh-conoeniraﬁon of ruthenium-containing precursor to the
reaction éhambér must be provided. _
30 | Preferably, the deimsition rate for forming a rough ruthenivm layer 14
while maintaining step coverage is a deposition rate in the range of about 100
A/minute to about 500 A/minute. More preferably, the deposftion rateisina
range of about 200 A/minute to about 300 Aminute, Yet further, to maintain

10




therein. For exanple, argon or nitrogen may be introduc I, Nt chanber
at a varied flowrate. . 25 To achieve the desired rouaﬂ%@gﬁgé&at he rough
conductive layer 14 formed of ruthenium a relatively high deposition rate
i s used. However, step coverage nust be maintained at the high deposition
rate. To maintain such step coverage, a high concentration of

rut heni um contzaj Ll S Qs 1?;%1 Cld i : ovi ded.
30 Preferabl y?@%%epo ?ﬁ%‘%l?g?gé or orréfr{gmgﬁp%ug Earl%ﬂd%gﬁﬁﬁlr%e ayer 14
whi | e mai nt ai providesitte pheaeadivaghamber pridgralsly] a flowrait of about h@0 saage of about

100 A/mnute fo ut 500 A.m nute. r referably, e deposition rate
isina rangégw%gﬁé‘if’fn Irﬁaﬁ&?-g-,k% §b§6@%@@eﬁgﬂﬁ%f@° th‘ffrt her, to
mai ntain 10 1%%@5@9@&)%@ @ﬂrtﬁﬁﬁﬁﬁ%ﬁtaﬂ%ﬁ'y%cﬁ‘s@ﬂeﬁpﬁ%mb%' on of

rut heni um containing precursor- provided to t action chanber,
preferaldl y, arésepwinahndéeraperatrant aboot E¥€Crtoaboutd§OC iGnovidedito tbe carrier gas

e.g., He, 02,,0r, any,ot her h is.non reactive. wi.th the.precursor
'Ehrgugh a rut SRR &?{?Rfeﬁ?r%@%pélgg?%we W?ﬁa%%ﬁﬂlﬁ\g:t%?r%h%@%‘r voir a% a
t enper at ur e ofcomtaiity pebduréo? 1@ RueactIRChinbber 10 %t ARk h&héi%ﬁe ehagaer . More

preferably, the f lowrate of carrier gas through the ruthenium containing
precursor to tiAfseamtarghept 2¥hieEBk is at a rate in the range of about 150

scan to about 250 | : | ' Welz deposi tion
rate as descri bed %g %rb%\%c,hﬁ\?gﬁ%%gﬁg@'@&p%éﬁgﬂngﬁéﬁg%@yf e D process
may be Mari ed.abéves variaislogher phanttgrs of the GV pesesy @apbe vdriedCVD process is i'n
the range of gpout,. .4 torr .to about 10 t More pteferably, the pressure
isin the rang)ée%?abh'bg’ﬁtde@mﬁ?ﬁmmﬁtgt&?%&‘??ssﬂﬁmﬁéﬁngﬂ?@ah@ﬁosi tion
tenperat ur e of 4 {gHeroQUBPIINGRS Mbre p A Mredsiredis mea}:%&_oﬂwh 2100C to

u [

about 400C. More preferably, the i'5 depodition tenperat S 1n the range
of about 1 50 t@rtwabogbd torg5B@ther,the depazbion temperatvbofithe €383 picsessas f or ned

brovi ded | nt o PRAEPIER AFatee o Rhimsd D0 W die 0B bin PrafsrsiE i £ about
500 scem  Prefgehadifion tefbEraflirt 145R%he range of about 150 °C to about 250°C.
Preferably, the CVD process is performed without any plasma
" enhancement. Further, preferably, a diluent gas is provided into the reaction
chamber at a rate of about 100 sccm to about 500 sccm. Preferably, the diluent

gas is one of nitrogen or argon.

20 The flow rate of the ruthenium-containing precursor into the reaction
chamber can be increased in a number of manners. For example, a higher
bubbier temperature can be used when the ruthenium-containing precursor is

‘ provided to the reaction chamber through the use of a bubbler. However,

_ preferably the ruthepium-containing precursor is held at room temperature.

25 Further, shorter and/or larger gas lines may also be used to increase the
concentration of the nithenium-containing precursor in the reaction chamber,
e.g., a shorter gas line allows the pressure in chamber holding the ruthenium-

' containing precursor to be lower which increases the amount of precursor in
the carrier gas. |

30 According to the present invention, the roughness of the ruthenivan
layer 14 is greater at increased deposition pressures within the range described
above. Further, the roughness of the ruthenium layer 14 is greater at increased
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gas is one of nitrogen or argon. 20 The flow rate of the10March2004

rut heni um cont ai ni ng precursor into the reaction chanber can be i ncreased
in a nunber of nmanners. For exanple, a higher bubbler tenperature can be
used when the rutheniumcontaining precursor is provided to the reaction
chanmber through the use of a bubbler. However, _ preferably the

rut heni um coﬂﬂmsﬂpn@qmmsoSuchsCNEIh:anletemmaybemmedttulaﬁam% Furt her,

shorter and/ rge as . nma 0_ by ed. to increase the
concentrati % B'F‘?F‘ﬁ'&h? ﬁ’Fgﬁ‘?\g aPﬁfnsF‘gﬁﬁ?’?or in the reaction
chanber, e.g., aTEé‘ﬂ:ﬁzgﬁﬁesgaﬁﬂlb'sﬂﬁ‘aﬁéﬁ% SutlifA Wy 19 uslARer hol di ng
t he rut hen| um containi ng precursor to be lower whi ch I ncreases the anopunt

of pr ecur soragcardapepswith the preseghinvenipnawsy bel chagacterized én ppegemorei nvent i on,

Lhe L oannes et bl JL UL QUGS Hhl, sl B et B ecc of the
rut heni um | a&ﬂtenhﬂnl@eﬂtsdﬁk@toxﬁ&zelms@iﬁ)@ﬁe&&s@ﬁr ition

dYRuEice00ghiiePers|
t enper atures, Such paraneters may be varl ed to attain a desired
roughness W%Fﬂuahf&ﬁawaé layers B’é@wﬁ sntheniymdayes bgmarBMBHT t he

surface of W&,%Hﬁ%g%gﬁ gfgb&ftg@sdgiou;bowm@gcg@g&ﬁwth t he

present invention ter| zed i'n one or Breht manners
as descri bedsmteb\ﬂmﬁasmmhmssmayb@dﬁtamﬂnm far exagile, Atofaleni um | ayer is

based t f gh f th h
ot nelBum | 5OFe MRS MG Srtne Tiririine MAFRAD (SODafF RIS, ol face -

roughness | nSaukedtonVRibsc3fy (SHA) SO 180y sntgp@c%garﬁc n square)

surface roughness nmay be determhed using, for exa For ce

M croscopy (RAEnpge, sharein thg Rriange is agmpe of theaadiys ((hEsshown in Figareni ng

El ectron Mc sba.ed tatistical an, of an

R-r ange, Meggﬁpﬁoﬁg&%%éﬂbe 3%\38@??8 neE SE)S“‘%%‘? shown in

Figure 1B) ﬁfughn@ﬁﬁlkﬁowmm&h%kﬂﬁa%fﬂdml on of RMS (root mean square)

surfacig roughnes 2 s knogwn to those skilled in the att. 15 Alternatively,
I ntaddi

i tion t oAlematvely iR addifion Huether mennersief ehiseacterizing the
rough layer, the rough ruthenium layer may be characterized based on the

cross-section grain size of the grains of the layer being deposited. Preferably,
the nommal cross-section grain size is represented by the nominal d1ameter
tbrough the center of the grains. The nominal diameter for a rough ruthenium
20 layer is preferably in the range of about 100 A to about 800 A. More
preferably, the cross-section nominal diaméter through the center is in the
range of about 200 A to about 500 A.
, | ~ Alternatively, orin addmon to other manners of charactenzmg the
_ lr’o_ugh layer, a rough ruthenium surface may be characterized based ona
25 comparison of the surface area of the rough ruthenium _smﬁce relative to the
' surface area of a completely smooth surface (i.e., a surface with no grain
structure, e.g., valleys, peaks, etc.) having a substantially identical shape as the
rough surface, €.8. the shape of the structure upon which the rough layer is
deposited. Prefefably, arough surface (e.g., allora poﬂion of a conductive
30 ~ layer), wherein preferably the rough surface is a generally homogenous surface |
(i.c., a surface structure without any substantial irregularities from ono part of
the surface to another part of the surface such as, for example, deep
depressiops, large spikes, unusually large grains compared to the other grains
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rough layer, the rough ruthenium|ayer may be characteri b on the
cross-section grain size of the grains of the |ayer bei r@%ﬁﬁ??gﬁd

Preferably, the nom nal cross-section grain size is represented by the
nom nal dianmeter through the center of the grains. The nom nal dianeter
for a rough ruthenium 20 layer is preferably in the range of about 100 A to

bout $00 A ‘ | ' | th h
oot 500, A B g, M bl st gl LT {01

the center is range o ut to about 500 natively,

or in additi omrdaefatchmpletey smpethshnfedechaningey substagtidllyddentivabshapafier,, a rough
rut heni um surf characteri zed . based.on 25.co ri son of the
surface area ﬁ%@%ﬁ%ﬂu‘?@? .m%;hpgg@epgﬁc . BSIPWHB. . ce area
of a conpl et eleyg, SABY AsSHF { Plafar(surfBeo the oScHphAFardd S bt Birpletdy  UCt Ur e,
e.g., valleys, peaks, etc.) having a substantially identical "shape as the

rough sutf ace smooth andrepuchsWstsee ae egnivalepd.u dhe pertag shapsimahbe of r ough | ayer

I's deposited. BE? I W Ll_qr.a portion of a
conductive Sopllayer ) ’%néeﬁpeelﬁn é?eor%l;m %P%égdr%ﬁlg gﬁ?‘ﬁ%%semias a generally
honpgenous surchatainer éapacitor, r Biyroftine haper Mdre peefablyothe rovphnsssFiant i al
irregularities fromone part of the surface to another part of the surface
such as, for SWHS ,%@%@Wﬁ&h@%@%ﬁ%@&@%ﬁkwmmm ar ge

grai ns conpar &g, t8mbRe1PLA65hELA, ;[bbgha' V?ifaﬁtli%ﬂ% ; layer, etc.),
has a surface a?ea gr eafer ttﬁan a ou%ﬁlfja%utl nes ﬁgé}s&t}%jf ac area of a
conpl ety snoot h For éxengplyasishgwn isBigatedn!,ithd topgh derfided® ofshape (i.e., -°
substantially ident.ical s es havi he sane hase di nensi gnal

characteri sti ég?fucby%_ﬁ?req %@@%ﬂgﬁaﬁaﬁﬁ'ﬁﬂ%rﬂﬁﬁ%ﬁ%%& cupancy area
of both the coppiaiufiae B 6MBECInARAVE RYSSUhIRCEnPaRAIN Y isHFARHda The
surface shape na ?e of a planar shape, a curved Shape, a contal ner shaped

Qgﬁo -

structure suc f cempletely amnaeth sudpeediaving a planag shapst hera shappe. More

preferably, t ; S r e rfac rea,that is
greater than a%%u- %&'@%%ﬁ%oﬁﬁg%@f%aﬁzﬁ5a&g’3’5%&%%1% ?/ snoot h

sur f acelhavi ngurfaceisbed afftbugh surface ¢9 bf thelcosdintive la}er Fois @xagithay as shown in
Figure I A the ro%rface 19 of conductive layer 14 has a generally

pl anar shape. ce area of the

As shown in Figure 1B, the rough surface 19 includes regions 21, i.e.,
graips, projecting from the layer 14. As such, peaks and valleys are formed,
e.g., peaks 23 and valleys 25. One skilled in the art will recognize that HSG
20 silicon have grains with similar peaks and valleys like that of the formed rough
surface 19. It is the valleys 25 which when covered by a diffusion barrier layer
in HSG techniques tend to decrease the effectiveness of increasing the surface

‘ area using such HSG silicon. For example, with such valleys being filled by
dii_fusién barrier material, they are no longer available to provide effective

25 increased surface area. Since the rough ruthenjum layer 14 does not
pecessarily require any other layer formation over the surface 19, such valleys
are generally available to provide increased surface area, such as for increased
capacitance it a capacitor structure. The grain size for ruthenium is typically
less than sbout 800 A in nominal diameter.

30 -After deposition of the rough ruthenium layer 14, an optional anneal of
the structure may be used to further enbance and/or increase the surface area at
rough surface. 19 of the rough ruthenium layer 14. For example, the cross
section grain size of the deposited ruthenium may grow by about 100 percent
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rough surface 19 of the conductive |ayer 14 can be conpar t urface

area. (XY) of a conpletely snooth surface having a pl aﬁ'gﬁﬂ@ﬁgag{,ﬁi .e., a

shape identical to the shape of the rough surface 19. Therefore,

preferably, the 15 surface area of rough surface 19 of the conductive |ayer

14 is greater than about 1.2(XY). As shown in. Figure 1B, the rough

surface 19. vhﬁfﬁ%%?%nr?ﬁﬂéaﬁ RS phobess, Freferabll, e rmcRiOls¥nhéd)eh difx0m t he | ayer
pea va g)? e

14. As such, S an s are fornmed, -g-, peaks 23 and vall eys 25.
One ski | | ed pressureef aboutWl 1 millitoroigrabeet § sfmosplsges (Preforabinthtamnealgr ai ns wit h

simlar peaks_and vglleys |ike that of .the f ro surface 19. It is.
the val | bye SBERIRE A BrFsRs & LA et arhbry 5 STEKET I P phRes, 1° o
t echni ques 0VIB& préfertbly, BRSAmbAISs pdrfdfil UeH prsst of suu® 336 & 4Rt sur f ace
area using such HSG silicon. For exanple, with such valleys being filled by

di ffus? on b&0Pitew. Fuxther, the anneabis performed sirigaperbue imtiegaass ofr ovi de
effective 25,in ased sur Wy ea.  Skn t rough . rut henj um | ayer 14
does not né‘gggtga@i ¢3°P@ﬂﬁ%ﬁgg%ﬁ%lﬁW&t‘mﬁbg?etﬁgmeﬁg'ﬁp#%%ra%tahe surface
19, such valg@psateds fr 66 RR¥B ok ¥bat 300 80 k& absut TOOYCITh REh&RRed surface
area, such as Tor increased capacitance in a capacitor structure. The

grain size fpseferablyparfarmed fortajiirne petiod of hetweanihseatrulstto S0@inuntess nomni nal

di ameter. 30 Aft eposition of the rough. rutheniumlayer 14 .an optional
anneal of the ﬁ'ﬁ@’?ﬁ?‘ﬁe?Pé&?%ﬂ%‘i%%“f“&mggmfggﬁ%ﬂﬂ%#am%ﬁ%cr ease the
surfate aregadlenvitdtingdhts Prcfaably, thd gy ervirenhRHEOR ah Al BRI df @Y Pden] 4. For
exanmpl e, the cross section grain size of the deposited rutheni umnmay grow

by about 100°Z98¢@EgAN, RETOLEN.\GHG-IT app otherpembington thezgefawebas, ifory process.

Preferably, %QE re sl I t. q..hre I t. 0.1 millitorr
to about 5 a rmgiﬁtﬁér #@%ﬁg?ﬁﬁe@aﬁﬁﬁrﬁmﬁgﬁ%ﬁﬁg%t a pressure
i n the rangelasmadihiahced ahnealwhetrain thelgas dtmdspheretie sgectedoraipwef er abl y, the

anneal is perforned at pressure of about | to t o about 80Q torr.
Furt her , t heisgRAEESicn Irp viagan elegiromaagnetic figidacress theasa fse obe  about

300C g9 abo_%la&(i’é)&oc&@%ﬁoﬁ}?ﬁie%ﬁ%ﬂe t%%@%%ﬁ%@%md at a

tenperature in the range of about 50 he anneal is
temperature during the anneal while still achieving increased grain size. Any

' suitable power source may be used to generate the plasma in the reaction

chamber. Suitable power sources, for example, include an RF generator, a
microwave (e.g., 2.5 gigahertz microwave source) generator, or an electron
20 cyclotron resonance (ECR) source. A preferred power source is an RF
generator operating as a standard 13.56 MHz source. Preferably, the gas is
subjected to the glow discharge or plasma created by applying the radio
’ . frequency electromagnetic field of 13.56 MHz at a power denéity of 5
o ~ kilowattsfcm? or less across the gas. Itis preferable that a plasma enhancement
25 be used so that the intersection between the ruthenium-containing layer and the
underlying layer, e.g., silicon, is minimized. However, plasma enhancement is
- an optional annealing technique. '
- -The anneal may be performed as a furnace asneal or a rapid thermal
processing (RTP) anneal may be used. Further, such anneals may be
30 performed in one or more annealing steps within the time periods, temperature
‘ ranges, and other parameters set forth above.
‘Another preferred method of forming a rough conductive layer 14 is by
depositing a rough ruthenium oxide layer by CVD. The CVD process is

14




preferably perfornmed for a tine period of between 30 se ) m nut es.
Further, the anneal may be perforned while the structurgair@arﬁlﬁg%%zt in a
10 gas environnment. Preferably, the gas environnment is an atnosphere of
oxygen, ozone, argon, nitrogen, etc., or any other conbination thereof,
such as, for exanple, oxygen and nitrogen or oxygen and argon. The anneal
may be a pl asnmg, ephanged neal wherein the s. atmmsphere i s subjected to
Tl ow i SchEPHe SR B P AR P Bt B HEFOTPE I &1<AeSr bos ¢ he
gas. Use of achanbirafiiy WitllPaeetygehconbininareduidts bein@ defivdiéd taRé at a
somewhat | ower tenperature during the anneal while still agchieving

i ncreased gr akepctipn ehambey. Fusther, sliinent gases maylgocaptiengilipke provided 9 thener at e

the plasnma in [ an W . : or exanpl e,

i nel e an R oS SRR Pt aHs e och ISR Bloc B B SRpeen o1

source) §ener akzode, NyO, €0, 03061 205 oftfdr suitabRidxgpen-eomaabgeréduedsy. source. A

preferred power source.,|s gln c?F_g nerat or_operating as a standard 13.56 Mz
& Sll'g(ﬁl[g

source. Preferabl y Forachieye _ pghnessfor etrﬁBg]bPQR@“_ﬁﬁ‘é“olﬂﬁFdé or plasma
created by ap%ﬁfﬁé&%f?’ﬂ@eﬁ@ﬁ'c%dd%,ra‘iﬁmhﬁx,zegéémgﬂféib‘&séd. Q-id%e%%r,llg 56 Mz

at a power density o wat't s/ cn® “or across the gas.
pr ef er abl e t hatepaopéragemmustizanaiatapet at the highatbpsesitivh atfe.t He maintdiar sect i on

bet ween the rutheni um cont ai i | ayer,.and. t he . underl.yi ng.|l ayer, e.g.,

o1 oon, 1's. mekSREpvertsey Bl dondebf o e Eniut < citaiting bocsiigh f
anneal i ng tecaﬁaauﬁgen%taaﬂ%grgiecm&ﬁﬁstmeﬁ&ﬁmatﬁe&a&ﬁﬁﬂ@ﬁﬁbeﬂneal or a
rapid thermal processi n%b( anneal may be used. Further, such anneals

, ) an °

may be 30 perf or nedrefgrabls therdepesidomyatator forming @ poughirtthenivrinxidd me peri ods,
tenperature hek [a rs.set forth ve.  Anot her
preferred net @?ﬁ@%#ﬁ%@%ﬁe&c@gﬁﬁg&ﬁ ?lgfﬁfgginlﬁlg@fgogepositi ng a
rough rut heni wboaioged /himse tdyboutDRO0TASifkME) M@egﬁesferbsly,lﬁewdsmoaom
conducted with a rutheniu afcb(())nt ai ni ng precursor ing delivered to a
reaction chaﬁ%@r‘s‘é’{%‘f@@g@\ﬁ’n‘% 4h3 W@%M‘lﬁﬁ%i@@é‘tﬁ et fgieRdedel i ver ed
to the 15eactifinGliARBSien b ith g Bhedif8 65 BRI QBLGARA | v be

reacti oh chanber. Pr t

provided to the erably, € oxygen-contal 1M ng
precursor is qusaesor provided to the reaction chamber, preferably, a flow rate of about

~. 100 sccm to about 500 scem of carrier gas (e.g., He, O,, or any other gas that is

non-reactive with the precursor) through a ruthenium-containing precursor held
in a bubbler reservoir at a temperature of about 15°C fo about 100°C is

20 provided to the chamber. More preferably, the flow rate of the carrier gas is at
a rate in the range of about 200 sccm to about 300 sccm. Further, preferably, a
flow rate of about 100 sccm to about 2000 scem of the oxygen-containing

’ . precursoris provided to the chamber. More preferably, the ﬂow rate of the

‘0xygen-containing precursor to the reaction chamber is at a rate in the range of

25 about 500 sccm to about 1000 scem. _

Further, to achieve the desired higher deposition rate for ruthenium
oxide as described above, various other parameters of the CVD process may be
varied. Preferably, the deposition pressure of the CVD process is in the range
of about .4 torr to about 100 torr. More preferably, the pressure is in the range

30 - of about 1 torr to about- 10 torr. Further, the deposition temperature of the
CVD process is preferably in a range of about 100°C to about 400°C. More
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5 ozone, N20, CO, CQ2. or any other suitable oxygen-cong%ﬁﬁ%%gzeqicursor.
To achi eve the desired roughness for the rough conductive yer f or med
of ruthenium oxide, a relatively high deposition rate is used. However,
step coverage nust be maintained at the high deposition rate. To maintain
such step coverage, a high concentration of rutheniumcontaining precursor

10 and oxygeRseablyattdl dgoRti6k tthpBlanit B inike RINBY bFIAGbut 200 P€ 14 I on

0
chanber. Preferably, q}ge eposition rate for %orm ng a rough ruthenium
oxi de | ayer2504Cwhil e maintai ning step coverage is a deposition rate in the

range of about 100 A/ m nut 0 aboui 1200 m, nut e. re preferably, the
deposi tion rate*’r‘%feﬁ]i’g %ﬁ&bm%@ﬁgfg@@w@?m FM3out 600

Al m nut e. Y%h;qég , rdTBhb o : gﬁr L6, hi gh
concentration o ;fngt eﬁn‘#ﬁﬁ%i’ont al k%glﬁég?%%§ 5@%%)@?’?3 to ?%e reaction
chanbe$, pr ehembhérd at a ratefdfaboutd 0@ sevin tolaboeut 1Q@Mscstoe Breforablygilie 500 seem of
carrier gas ‘#‘lﬁ%ﬁ He 0‘% .0r ané other gas that is non reactive with the
precursor) t RS 5 On HVRRRTR CEAE8™Mni ng precursor held in a bubbl er
reservoir at a t eAR@rdihiteihe prodbift Mivehion, tBe AdiRHheshQP thel rathéBinRf OVi ded to the
chanber. Nbre_Breferab_Iy, the flowrate of the carrier gas is at a rate in

the range of® erddds greater ainerpesgd depuritiorepressunesiwithin therrefger ably, a  fl ow

rate of abol %ﬁ%i em t h X contai ni ng

precur sor i_;& ef’)r V) %ﬁ%'o&ﬁ%e%ea@%eﬁﬁ%gtﬁ%@%ﬁ&%ﬂg Bw rate of the
oXygebd cont aireiterg Riceedsed dépositioh ienpee@ics O Such OVIR parhmeRis Maybée in the -
range of 25 aboyt 50Q stemto about 10Q0 stem Further, to achieve the

desired hi gfepedingiam p desiredreughpessywiting the mpgesassiesabed bswef bed above,
' h ; 3 ' bly, th
vari ous ot her par-ﬁ{%?é@]&gg%ﬁ}gga Cr%gﬁg&soﬂﬁhggmsgﬁﬂi%%cggggﬁ rably, the

deposition pressure o ess 1s In e“range .4 tornto
about 100 t owath thetpresept infrentminl nyay Hehvhamctesized & o omnéediffaage 30 of about 1

brocess. | o PPEEFOFY i he igh gbGATE o = deeribe Aok THSSEe Nbr e 15 1 0
gfg(r)c glfgogbgﬁgé@rzfg%ﬂg sarhb PopRRAS bhir8te 1R 5 bHR Abbve foP tHehtateafage of about
layer are applicable as well to the ruthenium oxide layers.
After deposition of the rough ruthenium oxide layer 14, an optional
- anneal of the structure may be used to further enhance and/or increase the
| Sm'face area at rough surface 19 of the rough ruthenium layer 14. Substantially
20 the same parameters and ranges as set forth above for the ruthenium layer are
applicable as well to formation of the ruthenium oxide layer.
‘When a rough ruthenium or ruthenjum oxide layer is formed as the
lower electrode of a capacitor structure, the thickness of the rough ruthenium
lower electrode or the rough ruthenium oxide lower electrode is generally in
25 the range of about 100 A to about 600 A.
One skilled in the art will recognize that the rough ruthenium oxide
and/or ruthenium layers described above may be used in addition to other
layers of a structure. For example, an electrode may be a multi-layer electrode
formed of other metals with an upper layer formed ofa rough ruthenium layer
30 or a rough ruthenium oxide layer. Further, for example, such a layer used with
the rough ruthenium layer or rough ruthenium oxide layer may be a barsier
layer as described below with reference to Figure 3.
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Preferably, the CVD process is perforned w thout any pl asiwy cenent .
Further, preferably, a diluent gas is provided into the reagfc?'orgr@g% chanber
at a rate of about 100 seemto about 1000 sccm Preferably, the diluent gas
is one of nitrogen or argon. According to the present invention, the
roughness of the ruthenium oxide layer 14 is greater at increased

deposition pressuresw thin the range escri ped, above. Further, the
roughness of the rd’?‘H}é‘HEEFHe Pé’e‘“&!fa&m%lq@ @tb?g}ﬂggf'ﬂg?m%eq

deposi tion tenpef aésriBed alidive ndy¥e tRad fFRhe bs m¥Y mbferodsfphdaddpsat tain a
desired roughness within the ranges as described herein.””- The roughness of

the rough rut §&hiinteresopentiongpplicafiond, ¢apacionapmicationseetey, the présentpr esent

i nvention may--p;:e\ ' I.n.on . DI ifferent . manners just |ike
t he rough rut emﬁﬁﬁ ayéﬁg@%gﬁ%%gﬁgéﬁg%&%@%%%gﬂﬂ% for the
same roughnes Asadessriisdddieretn, samlldigh dspeditatid openidgahav® Gatudé Kiee otm | ayer are
applicable as well fo the rutheniumoxide |ayers. After deposition of the

rough rut heni Gifigslidsaensionsbelow aboyt & suicrond(e-£.. sheheag a dipmetseoxwidtk ofir e may be
used to furthgp i ﬁ@gﬁgu 3 A ea 3 ugh surface
19 of the roughoﬁg’%@gﬁi@iﬁ' q‘%/g;ygearna?g u s{’@gﬁgﬁp%&%n%&gpnﬂé%ar aneters
and ranges as abeut If. dSuch asprat mtibe arctapplicabldndontact Byles, viasareraped, asdibl e as
well to formation,of t rui heni.um oxi de l-ayer. \Wen a rough rutheni um or
Pt hent um ox QY PAFE OGRS CRERIREE sBrés osiiisar SEBRLREIRER AT apact o
struct uree, t heodnRitiohWEapaitot HRCHLEI Fok Bkﬁﬁﬁley&cﬁ&%%ing'gﬁgﬁéﬁiﬂg ofr the

er

rough ruthenium oxide | ower electrode is generally in - nge of
about 100 A t d maisten asbodepth cfemiceons ey anraspén rkictofid. | | recogni ze that the

rough rut heni um oxi and/pr.r Ut heni um | s _desqari be bave. may be used
in addition to ot h(yrii al @W@%Pﬁ?@ﬁé&%@ﬁ}aﬁfﬁﬁ‘g?@ﬁ?‘&uode may
be a mul ti-| ayentaitie stirticdate acéaadifg to @ nudiiple stopehethsd ¥f thi pRBetpper | ayer
formed of a rqugh ruthenjumlayer 30 or a rough ruthenium oxide |ayer.

Further, for &%&mpPR, Taalawa clesirede 3heiranpeitor stretureciyy s showmdnFignteayer or
rough ry heni vy ?@‘fo%eﬁ?%ﬁﬁé 2 TEERRGnBudiRE T4y acdoRHff t6fhe JRRERY DEd Del ow Wit h

reference to Figure 3. _
invention, ¢.g., such as those described with reference to Figure 1. The lower

electrode 33 is preferably formed according to two steps. However, more than
two steps may be used if additional layers are desired. Préfetably, the two
steps are used to form a ruthenium layer that is not rough over which a rough

20 ruthenium oxide layer or a rough ruthenium layer is formed. - Likewise,
preferably, the two steps may be used to form a ruthenium oxide layer that is
not rough over which a rough ruthenium layer or a rough ruthenium oxide
layer is formed. For simplicity purposes, the multiple step miethod according
fo the present invention shall be déscribed with reference to Figures 2A:2D

25 ‘with formation of a container capacitor structure wherein, first, a ruthenium
layer that is not rough is formed, and thereafter a rough ruthenium layer is
formed according to the previous description herein. ‘The other possible
combinations of layers and formation thereof will be readily apparent from
reading the simplistic description using a non-rough ruthenium layer and a

306 rough ruthenium layer.

Tt will be recognized that the multiple ruthenium-containing layers may

be described as a single layer graded in grain size, e.g., rough ruthenium
formed over non-rongh ruthenium, as opposed to multiple layers. In other
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10 March 2004 Although the rough rutheniumlayer and/or H}ﬁ rﬁ%ggdrrut heni um
oxi de | ayer described above may be used for one or nore n AE

applications, e.g., interconnection applications, capacitor applications,
etc., the present invention is useful when formng layers in small high
aspect ratio openings. 5 As described herein, small high aspect ratio

openi ngs haweorkis Aot el es opposed kd formlingliap@ssicanduletathenalinig 1 micron
(e.g., such as a_ dianeter or, width of _an openjng bei ngugg s than about 1
m cron), andoggpheyervichough githeniupis deposiigdyithont aqaetc i@@f ratios are

applicable t A gg,gfg eMind Emd}_gﬁg&hﬁa ﬁﬁm r configured
openi ngs, such as cg%tal gﬁeor trench penl%ag Oreﬁ%aﬁ%: mat i on of

capaci t or steontihuoesstepi-e.g., svitrpthangain procesh paamietegs.an opening of | micron
and as. dept h of 1 cr.ong has an aspect t] f. 3. Fjgures 2A-2D
illusttate a net %MZAMW’Q%C@@Y&&W@@MW@a fit ai ner structure
accor di ng t GsyBstiath hbitioR 32180 a¥BldRAGuBStrdtd Borlibf 38N Bubsudkptirign 34 e | over

el ectrode 33 of capacitor structure 37, as shown in Figure 15 21), is

formed usi ngfommed on Rubstmigpertions2 anddncludeomiipeging$6tdeingd theesin by anvent i on,
e.g., such ho d ri ith reference o Figure l. The | ower
el ectrode 3?9%%5%@5?3‘8@%%?@@5?%%W‘%%%%ﬁﬁéé%@ , hore
than two stsepsnd@bstiste pefidnizn. aheisteandPortiey Bt 6f subsirAle adstdBly 3 ef er abl y,
t he tm; steps are used to forma rutheniumlayer that is not rough over

r

whi ch ougicBides axagion to whish allowez plectrode of qapaniier satesi3dis | ayer is -

formed. Li keé’.l%fiﬁ - St ed En a

rut heni um oxi de ?ﬁlﬁﬁ%ﬁdﬁ‘?%Snoﬁd&’%ﬂi‘ﬁ@r@m%ﬁh%?@%@em um | ayer

or a rough rarntinsulative layérdach dsansoxidslafear agd silicon divxide, BESGy PSG®, poses, the

mul tiple step t hoqd accqrdj to,fhe present invention shall be described

with refer en@‘éngﬁ SF?%HP%‘E“&;&%EW%WQWJ‘B r?%‘?y@tﬁﬁ‘hﬁ‘ﬁiﬁ}?ér capaci t or

structure Wz &idtheohé 8 mofe didd WA MDindi AR st ubsn WRlch Dbt S Or med,
Formed accor di

and thereafter a rough ruthenium/ayér i1s ng to the previous
descr idt i on leweetkectradedfona Keoragp el chpaeitoris foimesd; surhas §6r usayens and

descri pt1 on HERAY S R 8GR FERPRRH F 2l Suied Fedis? hERSBBY heni um-
| ayer.  reference to Figure 3. _
~ The capacitor structure 37 is formed with a rough lower electrode 33 as
illustrated in Figures 2A-2D by first forming an optional barrier layer 38 in the
20 defined opening 36 and on surfaces such as upper surface 39.. For example,
such a barrier layer may have a thickness of about 50 A to about 300 A. One
example of a barrier layer includes the formation of a titanium nitride layer
having a thickness of about 100 A to about 200 A. Preferably, according to the
_present invention, the barrier Iaycr_ral-l‘d the other layers herein are dépdsited

25 using CVD processes such that conformal coverage or step coverage within the
defined opening 36 and at various other portions of the _srtruct‘ure,'such as
commers 43, are conformally covered with the material being deposited.

- Afier formation of the barrier layer 38, a ruthenjum layer 46 is .
deposited as shown in Figure 2B. The ruthenium layer 46 is formed by CVD

30 processing under conditions necessary to form a layer that is not rough. For
example, such conditions will include at least one condition that is different
than the conditions used to form a rough ruthenium layer as previously
described herein. Preferably, according to the present invention, a non-rongh
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It will be recognized that the multiple ruthenlun}contaHbln ?ﬁ@%s my be
described as a single |ayer graded in grain size 3@% eni um
formed over non-rough ruthenium as opposed to nultlple | ayers. In other 17
10 March 2004 words, for exanple, as opposed to form ng |layers, non rough
rutheniun1is forned over whi ch rough rutheniun1is deposited without a
particul ar

d dla b
formed in a SI i f;;gmg ﬁ#%ﬁ@gfwmq %entl rtﬁ%% 3 ?Soﬁgzg ©

paranmet ers. SW@%ahomwaﬁmawsmr (Mgcﬂel chpdes a
first substrate portlon 32 and a second substrate portlon 34. Substrate

portion 34 i s any athepgesshat iy man-reaetiveswith theprepprsepdhsoneh e@ﬁmopenl ng 36

defi ned t herei ‘Qﬁmﬁ ]Q?attﬁlg t 32 and
one or nore S|c§e Esrp‘%gog;%ﬁls%%e%n bﬁ?ﬁeg{} itrgtsi&of)eai 1 on g’ iﬁe 1second
portion 334 of tealxat 160°C; asispodiion #6sshfe inrhs tadgs obeboeyhdartioabhitch a | ower
el ectrode of capaC|t r structure 37 is electrical I%/%connect ed. The second

portion 34 of WH@; fi %t%@meyn@e'an@ofahomﬂgg fq.3houf 408C; such as an

et i ned | n o2l iRk B0 - A andiBon] plovidel bty MO O0C" o1 o e

side walls 40,chamb¢naﬂemtsufdhm9t0mmmwmbohtﬁotsocrm)m 15 | ower el ectrode for
a storage cell cap forned, such as for e in nory cell. Such
a contai ner capaci ?‘g‘ﬂeﬁéﬁa ‘?"i‘éﬂ“q‘?fr‘?‘l’}'@tc Wﬁ @E“?Hg POSEIOBr ence to

Figure § The ﬁmmnmmwﬁe&ﬁmbéﬁg i1} drodgh AEbnilVEYer€! ect r ode

33 as |IIustrated In Figures 2A-2D by first Tormng an opti onal barrler
| ayer 38 in tHe Q@o@@dm@uﬂm@&mm@ yerfi$ asshewn fmBiguresi{ehFers upper

surface 39.. Egr sSuc rrij ve at |ckn s of
Shout 50 A 1 o SAhpBE B sinertitflaity 38 haviaye YR iRy Bole OFREESES (e
formation of a&toldhamaﬂm.&]lahdﬂfb&ohgxﬁfthedit&uuay@rBohiayﬁléi?@@ﬂnéﬁne@mut 100 A to
about 200 A. Preferabl ,Ffslq(@idl ng to the present invention, the barrier

| ayer and t he ftHeEEc i homt 80018 Jbe renghruthesiRylAEIS0i8 ocesses such
t hat copy or nalg ening 3 6
and at var| ous Wﬁl | Onseﬁge&%ﬁ{vgﬁoﬁ% ﬁ‘)&{l}? gﬁééﬂ?&eﬁp g

When the combination of layers of rough lower electrode 33 includes a

ruthenium oxide layer that is not rough, the non-rough ruthenium oxide layer is

generally deposited within the following condition ranges: a flow raie of about
100 scem to about 500 sccm of carrier gas (e.g., He, O,, or any other gas that is
20 non-reactive with the precursor) through a ruthenium-containing precursor held
in a bubbler reservoir at a temperature of about 15°C to about 100°C; a flow
rate of about 100 sccm to about 2000 scem of the oxygen-containing precursor;
"a deposition pressure in the range of about .4 torr t6 about 100 torm; a
deposition temperature in a range of about 100°C to about 400°C; and a diluent
25 gas (e.g., nittogen and/or argon) at a rate of about 100 scem to about 1000 '
After the optional anneal for the rough ruthenium layer 50, the resultant
structuré is as shown in Figure 2C. The layers for forming the lower electrode
33 are then planarized to the upper surface 39 of second portion 34 of substrate
30 assembly 30 such that the opening 36 is lined with the rough conductive
o “electrode 33. |
Thereafter, as shown in Figure 2D; a dielectric layer 52 is then formed
‘relative to the rough conductive electrode 33. For example, the dielectric layer
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coners 43, are conformally covered with the materi al bei1|a%adr§@9§6& ed. After
formation of the bather |layer 38, a rutheniumlayer 46 is. posSited as
shown in Figure 2B. The ruthenium | ayer 46 is formed by CvD 30 processing
under conditions necessary to forma layer that is not rough. For exanple,
such conditions will include at |east one condition that is different than

t he condi ti ofgy bé&t suitablemiateriil bieifig béhitfM dilebRitUonstant) FeMfeAHE] Y
descri bed herein, Preferably, according to_the present invention, a

non-r ough 182 fuigblgrkielecirio ganstat fphighdiclsetnic erpytaptmptsrigkench as thgseondi ti ons
[ he fol | ow : -
inthe to OM?“&& g&gﬁgé,ﬁ?}é&g\r%ﬂs%?of’%ﬁ%@ﬂﬁﬁu .Jﬂ?cﬂ%?g.e Fof gxaﬁgﬁ’é“a 500 scem

of carrier gas any o r gas i S hon redctive with
t he pr ecur sosuitabih dizlgitria constdnt niaterial foo fbrading digleptriedayad2 gt d i n a bubbl er

reservgir at, e rature of _ahoyt 15C 5 to about 100C, _a depg@sition
pressufe in ‘c“t"'Ia]é‘T‘El ’g‘gé"' par H&ﬁ#@@ﬁ%ﬁ?ﬂtﬂawtﬂm&%@%&)@ﬁwaﬁa%i tion

t enperature j @b 30 : 3 : bl Nt gas
(e.g., nit ro{;ﬁr’esr;lq h%%ll?g%’ %ﬁ%%sﬁ?ﬁgﬁéo"‘\’/?g(e gﬁ?‘??@@@%@@%ﬁlﬁ é ﬁ%ﬂr%gf at arate
of about 100(FbdepTiCy [BbOLKISOg and &aNbOhaer eaf t er, by changing only one or

nore conditions he siti.on 0 pr.oces 1.3 h no addition

precursors bei ngoé'g&WT%%?%%}na&Bﬁﬂf%tdﬁ%ﬁ%ﬂﬁfW aS%%P@ﬁ“d%ﬁ@%?‘{ ed over
the rut heni upfbayedrehivefo the Méledtric MatriaP52 GroreRAmpR Bi¥Rk&ndt he rut heni um
| ayer 46 may have a thickness in the range_ of abou{) 50 A'to about 300 A )

and t A8 r ougelestradn SAinay balpamed of ammptenial, mich as hingten oifride, titatiemr ange of

about 100 A . ab A The.rou t | um,| r 50 1S f or med
accordi ng toh%%’%#%é@%&@#&b@% on %%#g@f@gg%e%éicqriaggmeei n. \Wen

t he conbi nat éle¢trode nhatyrtal dncliiding ngheniomand/ok aahddea oxddd, Sichdes a rut heni um
oxi de | ayer h@}: jz not roggh, t he non rpugh rut heni um oxj de | ayer is
general |l y deé\ﬁ s daysr 54 apd fopelrgirods material o are themetchedjiodorm the ow rat e of
about 100 sgem.i uRAN stalllne8¢m of carrier gas (e.g., He, 02, or any

other gas that I's 20 non-reactive with the precursor) through a
r ut hedbum cont ai nAmgorerspetific diustratich of using the bbdverdeserftedrocessk is' a

TS AR SRR PR S e s 4F Shadifeld2” scom o

electrode 187 is formed according to one of the processes described herein for

a high dielectric capacitor of a storage cell. There are other semiconductor
processes and structures for various devices, e.g., CMOS devices, memory
20 devices, etc., that would benefit from the present invention and in no manner is
the present invention limnited to the iNlustrative embodiments described herein,
e.g., an electrode structure. _
As _shown in Figure 3, a device structure 100 is fabricated in accordance
with conventional processing techniques through the formation of an opening
25 184. Such_pxoéeﬁsing is performed prior to depositing a bottom electrode
structure 187 on the surfaces deﬁhihg the opening 184 using the methods in
accc_);dance with_the present invention. Although any of the methods described
_previously herein may be used to form the bottom electrode structure 187 c_n;
'the: surfaces deﬁnjgg the opening 184, for simplicity, this particalar illustration
30 shall be only described with the use of a single rough ruthemw:n layer.
However, one skilled in the art will recognize that any of the single or multiple
. step e_lectrode formation processes described herein may be used to form the
- bottom electrode structure 187. As such, énd as further described in U.S.
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a deposition pressure in the range of about .4 torr to rr; a
deposition tenperature in a range of about 100C to abou?ﬁﬂg%ﬁﬁgggéba

di luent 25 gas (e.g., nitrogen and/or argon) at a rate of about 100 sccmto
about 1000 seem After the optional anneal for the rough rutheniumlayer
50, the resultant structure is as shown in Figure 2C. The |ayers for

formng the | I e then-.ol | Z il . surface 39
of second por%er?tglg' %?bg’gggo?ﬁaﬁz%;g%"gﬁs}é%#b%%g&ﬂgﬁ ﬂg{e%ﬁﬁle eni ng 36
is lined with Dibhcﬁ-iol@nsmﬂhﬁiamﬁhlsd{abfgcrwoﬁaieﬁsndeﬁhhis&laﬁtrelayeﬁ?ﬁhovvnhi n
Figure 2D; a djelectric lLayer 52 ig.then forne | ative to the roug
conductive el gié?#@ﬁ@dﬁ?%?#“%g%?é?mﬁ%wg& i%@ fhe\deyics gracignr ch 2004
may be any sui teedd ads : Shid ' t fl t.
Preferably, é@tﬁ#‘?ﬁﬁ?&%&%t |d§gég%§%%(?ﬂib§e§bﬁ%’g%’§#§?e%tr| gﬁconstant
mat er i al 3 such thesubisate 10#mpeedvated biydieldgxide.dAchardtlined 2t and  dield effecyr eat er

t han about 25. For, e I a .suitahle dielectric. t ant terial for
formng diel e&@P‘é@?@@’?}%@r@eﬁiF@W&% U 9Xided 03} SIS | i ted to,
tant al um pent sinbe/deEa 26Bons 188X B dke ¥hekio@n siliBST bubsBadi 109, Ay Ti 03, PbTi CB,

Pb(Zr, Ti ) 08 [él?%;l’u]l,.(Pb,La)(Zr,Ti)CB_ [PLZT], él?b La) Ti O3 [PLT], NGB, and
Li NbCB. Fur t hdrsulativeeonfosmallaye ef exide matetiab 140 i foempd pvar regionsofFadond

xanpl 6. the 225hdRELREIEL. Kbolbfilelf ol ek Ryfngth BlohBle e, o5
t ungst ed0 ni t r icdemiri¢ation betweehisubstiate 10dnindlalsoragd dlbi@padiioatd Bum netal s and

all oys thereof, or,any suitab)e _electrode nmaterial including ruthenium
and/ or rut henifﬁﬂ??ﬁ(t%%w%'umwh@@é'@ﬁfﬁéfelfayﬁ?fd gyer shepolpsiliondaleg ode

T e

A nore specific illustration o above- )rocesses is
descri bed bel dw ttanihmmifrigle cimogst¢nnifidpyorary ofhermetal sittideweicicantclasct | ve | ower

el ectrode 187, s.fo d accordi ng to .one of e process descri herei n
for a high ditBFash %@?aﬁ?%?ﬁ%@i@%ég%@% ea%fée
sem cond§ict or s defined therein.

According to one embodiment of the present invention, a rough

ruthenium layer is formed according to the present invention on the structure
including bottom surface 185 and the one or more side walls 186 defining
" opening 184. The roughened ruthenium layer is then planarized or etched back
20 resulting in the rough ruthenium layer 187 lining the opening 184. A dielectric
layer 191 formed of material such as described above is then formed relative to
the rough ruthenium layer 187. Further, thereafier, a second electrode 192 is
‘ -formed relative to the dielectric material 191. |
In each of the following Examples, no anneal was performed on the
25 films formed.
Examplo 1
A rough ruthepium layer as shown in Figure 4 was formed on an HF
cleaned silicon wafer in a single wafer reaction chamber under the following
conditions:
30 - aflow rate of about 200 sccm of helium carrier gas through a
tricarbonyl (1,3-cyclohexadiene)Ru precursor held in a bubbler
reservoir at room temperature (i.e.,about 25 °C);

- adeposition pressure of 3.0 torr; and
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processes and structures for various devices, e.g., CNDq i menory
20. devices, etc., that would benefit fromthe present ié&gﬁkﬁgﬁognd in no
manner is the present invention |imted to the illustrative enbodi nents
descri bed herein, e.g., an electrode structure. As shown in Figure 3, a
device structure 100 is fabricated in accordance wth conventi onal
processi ng t echni gquasiepbsiaos ferigeeatire'of@ps o0, of an opening 25 .184. Such
processing is perforned prior to depositing a bottom el ectrode structure
187 on the surfaces defining the opening 184 using the nethods in
accordance wth the present inventiﬁn§ @Ebpough any of the nethods
described previously herein may be™ formthe bottom el ectrode

structure 187 on Atdof-reugh fithehiwafdyet S0shohe iafigie s wiSorthed oSHEPl i City,
this pgrticul ar ”l%ﬁtii@i{;‘o% shal |l be only described with the use of a
si ngl e°r oughClEed alipon wags g single veafeidepptian Ghgmbgeunder the | |
recogni ze -t hﬂlo@%‘%g&%xditﬂﬁm.si ngle or multiple step electrode formation

i bed

processes descri ereln may be used to formthe bottom el ectrode.
structure 187. As-suadlow axid ofisbduti26h ¥ rier gas$hrongh40 March 2004

Patent No. 5,392,189.to, Fa et al., entitled "Capacitor atible with
H gh Dielectric Co ?a&ﬁ?nﬁf’éﬁyﬁlp BW%WWBQF&%P‘%UI ative
Layers and the Met _ ' %ﬁt‘ﬁﬁ: | SSHE ruary 21, 1995, the
devi ce structure 1%&%%@@%@%? OXI g'g"r eg| gﬁs 105 and active regions,
i .e., IDhose regi ons aalepbsitibe peestiat ofil.6 tdM/amdot covered by field oxide. A -’
word line 121 and a fjeld effect transistor (FET) 122 are forned relative
to the field oxide ASSPOBHOR igpRS 2ePdtai n regions 125,130 are created
in silicon substrate 107. An insul.ative conformal |ayer of oxide materi al
140 is formed over regions of FET 122 and word line 121. A polysilicon

plug 165 is fornmed to provi de el ect Examaplel® conmuni cati on between substrate
107 and a storage,cel.l capacitor t e fornmed thereover. Various barrier

| ayers are formed 'Mﬁ%’é‘?i@ﬂ&’@&ﬁ%ﬂ@gﬁfﬁ@o@ﬁ&_w BPS exanpl e,

| ayer 95167 anfiméd on i HF SReaEA sflicon Weer i MRIE W forReackibh @RAMBE NI LT 1 de,
tungsten nitride, or any other netal nitride which acts as a barrier-
Thereafter, wedsrtafollawingedndiionsyer 183 is formed and the opening 184

- a flow rate of about 225 sccm of helium carrier gas through a
tricarbonyl (1,3-cyclohexadiene)Ru precursor held in a bubbler

reservoir at room temperature (i.e.,about 25 °C);

20 - aflow rate of about 250 sccm of oxygen gas;
- adeposition pressure of 2.5 torr; and

- adeposition temperature of 210 °C.

25 Example 4
A rough ruthenium oxide layer as shown in Figure 7 was formed on an
HF cleaned silicon wafer in a single wafer reaction chamber under the
following conditions:
- aflow rate of about 200 sccm of helium carrier gas through a
30 tricarbonyl (1,3-cyclohexadiene)Ru precursor held in a bubbler
Teservoir at room temperature (i.e.,about 25 °C);

- aflow rate of about 100 sccm of oxygen gas;
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15 is defined therein According to one enbodi nent of thqo%ﬁgﬁabo' nventi on,
a rough rutheniumlayer is formed according to the present 1nvention on
the structure including bottomsurface 185 and the one or nore side walls
186 defining opening 184. The roughened rutheniumlayer is then planarized
or etched back 20 resulting in the rough rutheniumlayer 187 lining the
openi ng 184. A diel eGt -Gt Lsute ot 3f {Ttrg]ﬂdof mat eri al such as descri bed
above is then forrred%r({eélpg?llh{)/@%o t#gifraoﬁg rut henium | ayer 187. Further,
thereafter, a second adepositioslempeRnirs of 2@0 MEd rel ative to the dielectric
material 191. In each of the follow ng Exanpl es, no anneal was perfornmed on
the 25 filns forned. Exanple 1 A rough rutheniumlayer as shown in Figure

4 vas formed on anffpad CaRGERREbd R HOIRT arb fadbrsdrild 1 B BheibRACL T O

chanber under the ow ng conditions: 30 a rate o bout "200 sccm

of hel i Gm car ad if eadjewersinaugyirated sdparatedy.b®higlinyehtian byhesh desuibethe) Ru
precursor held.jin bubbler reseryoi.r af rqamtenperature (i.e.,about 25
C): a deposi tWth?ﬁ%@% @MYW%H@W&#&“%P%H@%“&% lﬁfﬁ’ﬂgﬁﬂ‘eﬁéﬁosi tion

tenperat ure of jigdfndsen5 AR e cAbA previonshy Whelskilled ih tH¥ak iy Bl re@EnBAROWN 1N

Figure 5 was formed on HF 5 cl eaned BP G of a silicon wafer in a single
waf er react i ofhatveriensothen dllustretivg appliasions wiay gitilise thetrpeghoruthenignt-| ow rat e of

about 200 sca ._hel, [ Qr . . E'.!'tﬁ . .

(1,3-cycl Ohe'Xgo&l%ﬁM% §%%$%%M%§%§P¥&g&%tﬁ%*§r rﬁ‘égglrfﬂ‘éé]il PUEE Yt oom

t enper aur e ( embodiglRaty, awellhs additional embodiments of the invention, will be
apparent to persons skilled in the art upon reference to this description. It is

" therefore contemplated that the appended claims will cover any such
modifications or embodiments that may fall within the ;cope of the present
invention as defined by the accompanying claims.
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- a deposition pressure of 1.5 torn; and - a depositio re of 250
C. . Exanple 3 A ruthenium oxide |ayer that is not rougﬁ0$§q§ﬁ2§g¥|n Fi gure
6 was 15 formed on an HF cl eaned silicon wafer in a single wafer reaction
chanber under the follow ng conditions: - a flow rate of about 225 sccm of
hel ium carrier gas through a tricarbonyl (1, 3-cyclohexadi ene)Ru precursor
held in a bupiaefs cldigegiy/oi r at roomtenperature (i.e.,about 25 C); 20 - a
flow rate of about 250 sccm of oxygen gas; a deposition pressure of 2.5
torr; and - a deposition tenperature of 210 C. 25 30 Exanple 4 A rough

r ut hem um oxj de | gy for cl eaned
silicon waf e% in g“%:; ng(if&\?g%é Pé% %ﬂd'& e Hﬂﬁﬁfﬁﬁ‘fé&%&ﬁ owi ng
condi tions: mtdgrated cinduidtspthe aldtioid cdBfprisign of helium carrier gas through a
tr| carg]onyl (1, 3-cyc| ghexadi ene) Ru precursor held in a bubbler reservoir

r oorh t enper at uP@Vidinga subsiate asssmbly ina yepeipn-chamber, thesmbstralo0 st em of
oxygen gas; a deposition pressure of 3 torn, and - a
ity Yo -

deposi tion tenper Al'l patents and references ci ted herein
are incorporated mmhmngtmsubmwmm&sﬁfaeﬁw}hmp&ahﬁém@ﬁiﬂgéw

separately hi s .been described with reference to
il ustratlve-iéor'rﬁah&\r/é ‘Q)Ebg not meant to be construed in a limting
sense. As. descri &@Hﬂﬁﬁg é&n@&ﬁhéi%abﬁsﬁcﬂa&ﬁei)&f{ah Jﬁ nize
that various other illustrative appllcatlons may uti |z§ the roug
rut hedPum  torrto about 10 torr; and _
providing a carrier gas at a flow rate of about 100 scem to about 500 scom
through a ruthenium-containing precursor maintained at a temperature of about 15
°C to about 100 °C into the reaction chamber fo deposit a rough ruthenium layer
on the surface of the substrate assembly.
15 ,
2. The method of claim 1, wherein the method furrther includes providing a
diluent gas at a flow rate of about 100 scem to about 500 scem.

3. The method of claim 1, wherein maintaining the substrate assembly surface
20 at a temperature includes maintaining the substrate assembly surface at a
temperature in the range of about 150°C to about 250°C.

4. The method of claim 1, wherein the rough ruthenium léyer isdeposited ata
rate of ahout 100 A/minute to about 500 A/minute.

25
5. The method of claim 4, wherein the rough ruthenium layer is deposited at a
" rate of about 200 A/minute to about 300 A/mimte.
6. The method of claim 4, wherein the RMS roughness of the rough
30 ruthenium layer is in a range of about 50 A to about 600 A.
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containing |ayers as described herein. ' Various nodifi t|0n§2@¢4the
il lustrative 10 enbodi nents, as well as additional enbo &@HF t he
invention, will be apparent to persons skilled in the art upon reference
to this description. It is therefore contenplated that the appended clains
wi ||l cover any such nodifications or enbodinents that may fall within the
scope of the present invention as defined by the acconpanying clains. 23
10 March 2004 Mhat The methodpfglaim 4, Fhersz%vﬁ@ala% ernter GFossTaECtion ARk
conducti ve Ia3é§{ IR Fsﬂ&‘a e FYUbS met hod
conprising: 5-provi |ng %ﬁgtf%?%gggﬂgéggﬁgésg%ﬁhgqm%%ct|oﬁﬁcﬁggﬁb t he
substrate assebhﬁﬁﬁﬁﬁcludlng a surface; maintaining the substrate assenbly'
surface at a tenperature in a range of about 100C to about 400C,

mai ntai ning the pressure of the reaction chanber in a range of about 0.4

10 torns to algout ifelfiNbd LRI WHIRIIR K&héd REthefRcRllcParnbMNgitRs © Of

about 100 sccmto about 500 scan 'through a rutheniumcontainin precursor

mai nt ai ned at reughanfhenizimulayerat a tdmparatu® in@ rangeafebout BO0°Cta shayt $AECr eact i on
chanber to de a_rough ruthe m rf.ace of the substrate
assenbl y. go alﬁl'? ?fgi& 0‘%‘%&10?3#1 Té%?g?%q%ﬁ Fﬁoénggm" {%5-ur t her i ncl udes
provi di ng a diluent gas at a flow rate of about 100 scan to about 500

scan. 3. The nmethod of claim 1, wherein maintaining the substrate assenbly
surface 20 at%-a taﬂrﬁ@r@&hq@@qlw%m%meahm% ough rythsniunplagetassenbl y

rsrg”]gg of cl a%%erel n t%lggp%ﬁfg rlq%]f*uenl um %lgé}grﬂr g%tgsrg%gg . aThe

rate of about abﬂﬁtoﬁlmﬂﬂlt{tretotaboah‘bm&pﬁbréd it ayak atmcdphére sﬂlgecta@tdwgowf claim

4, wherein the.rough r UteH%?rl i a%reléc%rog‘l%%?géctge?d S0 the gas mixture.

10.  The method of claim 9, wherein the gas atmosphere is selected from one of

15 oxygen, 0Zone, nitrogen, argon or a combination thereof, and further wherein the
glow discharge is created by applying a radio frequency electromagnetic field of
13.56 megahertz at a power density of 0 to about 5 kW/cm? across the gas
atmosphere.

20 11. A method for forming a rough conductive layer in the fabrication of
integrated circuits, the method comprising:
_‘ providing a substrate assembly in a reaction chamber, the substrate
’ assembly including a surface; '
providing a ruthenium-containing precursor into the reaction chamber;
25 depositing a rough ruthenium layer on the surface of the substrate assembly
at a rate of about 100 A/minute to about 500 A/minute.

12.  The method of claim 11, wherein the rough ruthenium layer is deposited at
‘a rate of about 200 A/minute to about 300 A/mimute.
30 _
13.  The method of claim 11, wherein providing a ruthenium-containing
precursor into the reaction chamber includes providing a carrier gas at a flow rate
of about 100 sccm to about 500 scem through the ruthenium-containing precursor
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rate of about 200 Alm nute to about 300 A/m nute. 6. The,lé)rﬁt hﬁ% 8% claim4,
wherein the RVS roughness of the rough 30 rutheniumlayer pIS iR range of
about 50 A to about 600 A. 24 10 March 2004 7. The method of claim 4,
wherein a nom nal center cross-section area of grains at a surface of the
rough rutheniumlayer is in a range of about 100 A to about 800 A 5 8.

The method Ofafat-Addd at & 1S IRe S 1ol diol 'R0 ¢OEAIHRS dR7IBEALANY t he

rough ruthenium |l ayer at a tenperature in a range of about 300C to about
900C for a ¢hambeptordepdsit the zonghmytheniunabyertomdibe sefanedd thosubstrate 30 i nut es.
9. The netho 8grfgblcl aim 8, wherein annealing the rough rutheniumlayer 10
further incl anneal | ng the rough rutheniumlayer at a pressure in a
range of about 0.1 mllitorr to about 5 atnospheres in a gas atnosphere
subjected to_a glow discharge created by applying an electromagnetic field
across>the ght ni Xeemethod of clpjie 1iewhers emcm%fgl,%hwléd‘wmmtagm

at nosphere i en, | an rgon or a
conbi nati on i’?’ﬁgﬁﬁe%&?{ee%ﬁ%ﬁ@ﬂ%?e%mﬁgg%’e W%e‘ﬂé‘f%\gmé%ﬁ& saé’ﬁ‘é%@g ﬁgb 8&%‘3'[ ed by
appl yi ng a ré4@0°@. frequency el ectronmagnetic field of 13.56 negahertz at a
power density of 0O to about 5 kWcnR across the gas atnosphere. 20 11. A
nmet hod for form ng a rough conductive layer in the fabrication of

it egrated. cis.oul o melid R 190RRE R B0t fuithanen BLEALBP OS0! ¥

in a reaction chanber, the substrate asse

provi dPng a -thepssiveof tereaitivnhambecin asange aftaboutte4 taratt abont bhioeber ; 25 -
depositing a rough rutheniumlayer on the surface of the substrate assenbly
at a rate of about 100 A/m nute to about 500 A/m nute. 12. The nethod of

claim 11, wheggei NThdidetiod DF clziva MRl rANE el dIRARS! iheHdé annBatfrlife Of
about 200 A/minute to about 300 A/m nute. 30 13. The method of clfaim 11,

wher ei n pr ovioyeh suthenivmayer abe tasrpezstwieriy a range of about 300°C to about 900°C
- for atime period in a range of about 30 seconds to about 30 mimses.
15 o
17.  The method of claim 16 wherein annealing the rough ruthenium layer
further includes annealing the rough ruthenium layer at a pressure in a range of
about 0.1 millitorr to about 5 atmospheres in a gas atmospbere subjected to a glow

discharge created by applying an electromagnetic field across the gas mixture.

20 _ |
18.  The method of claim 11, wherein providing the substrate assembly surface
includes providing non-rough ruthenium, the rough layer of ruthenium formed on

the non-rough ruthenium.

25 19. The method of claim 11, wherein providing the substrate assembly surface
includes providing non-rough ruthenium oxide, the rough layer of ruthenium

formed on the non-rough ruthenium oxide.

20. A method for forming a rough conductive layer in the fabrication of
30 integrated circuits, the method comprising:
‘ providing a substrate assembly in a reaction chamber, the substrate
assembly including a surface;
. providing 2 ruthenium-containing precursor into the reaction chamber;
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recursor into the reaction chanber includes providin rrl as at a
Flom/rate of about 100 seemto about 500 seeg1througg ?Hgﬁam%%bog
rut heni um cont ai ni ng precursor 10 March 2004 rmai ntai ned at a tenperature of
about 15 C to about 100 C and into the reaction chanber to deposit the
rough ruthenium |l ayer on the surface of the substrate assenbly. 5 14. The
met hod of claim 11, wherein the nmethaqd further includes paintaining the

substrate assenbl y HOVPHHEANIXygeR-eopiainiag precurser intp theseagiionghamber; 00C t o
about 400C. 15. T 1: Mk zﬂ:@qm‘ﬁ%}ﬁ ' Q&fi%tm Likher
I ncl udes mai nt ai ni %H%%B%)ﬁé Bgr gg‘giure of t es'gljed;lcfih%on C anberéulﬂn a range of

about 0.4 t or rassembdpeta rat®ofxhout 10BA/Mitte e slod 1360 d/mimie] Wheisirethei n t he

met hod further,jncludes anpealing the . Tou rut heni um | ayer, at

t enper at ur e inmg@rrﬁ 5t © @86& Wﬁn%g&ﬁla@%&m?mngﬁ%?WB@P‘it%d in a
range of saboutab3ft 6F0CAR BEE nbidiP estitertPosdisBdtiddSared O driins BhE siFichefmef claim
16 wherein anneal ing the rough rutheniumlayer further includes annealing
the rough rut Henghumthenjian oxidedayer issioarangerofabpuinlfl® Ato abowd8004. 1 il litorr
to about 5 atnospheres in a gas atnosphere subjected to a glow discharge
created by applying an el ectromagnetic field across the gas m xture. 20 19.
The net hod of 2U.ai MTHelmethbé b€ tlairg 2OVivkbrelf théwdugh bathestum @adelrys sur f ace

i ncl udes provi iné]Fern rough rutheni,um the rough I@ye,r of rutheni um forned
on the non rdifgRSiFedah aspig of abont 399 A/lnpmatefaphed €00 ARHRWE1 1, wherei n
provi di g the substrate assenbly surface includes providing non-rough

rut heni um oxi de, the rough | ayer of ruthenium formed on the non-rough

rut heni um oxi d&. 20TheAnathbt of adoof dlaimsi26¢ 1a whereinpowiding 4 nvherdivger i n t he

fabrication of Q. ntegrated,cjrcuits, the nethod comurjsing:.providing. a
substrate asse‘f?ﬂ%}mpﬁp FESQEIRR, ecfﬁaéﬁﬁ’éf’_, ’%‘QB‘S‘F@&? dm&?s‘%%l‘ﬁaﬁ%@i udi ng
a sur face; profdwidigofabiott 160544 Abba SVONGcRBRMER Fe rulichivnllordtBfi ON

chanber ; | :

precursor maintained at a iemperature of about 15 °C to about 100 °C and into the
15 reaction chamber, and further wherein providing the oxygen-containing precursor
into the reaction chamber includes providing an oxygen-containing precursor into
 the reaction chamber at a flow rate of about 100 sccm to about 2000 scem.

23."  The method of any of claims 20-22, wherein the method further includes
20 maintaining the substrate assembly surface at a temperature in a range of about
100°C to about 400°C.

24.  The method of any of claims 20-23, wherein the method further includes
annealing the rough ruthenium oxide layer at a temperature in a range of about

25 300°C to about 900°C for a time period in a range of about 30 seconds to about 30
minutes in a gas atmosphere subjected to a glow discharge created by épplying an
electromagnetic field across the gas.

25.  The method of claim 24, wherein the method further includes maintaining
30 the pressure of the reaction chamber in a range of about 0.4 torr to about 100 torr.
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26 10 March 2004 providing an oxygen contai ni ng precur SOl M% ﬁzb@f reaction
chanber, depositing a rough ruthenium oxide |ayer on the's PP 4€€° of the
substrate assenbly at a rate of about 100 A/m nute to about 1200 A/ m nute,
wherein the RMS roughness of the rough rutheniumoxide layer is in a range
of about 50 Ato 5 about 600 A or a nom nal center cross-section area of
grains at azsurf age mémbd6f itk NG heréiio thb Subbsia@ [ ange of
about 100 A to about 800A. 2 The met hod of claim 2 ereln the rough

r ut heni um ox@p¥aE lfaylé’faqesnclu@pm\uél@gaon—aommﬂmhlm@nr@hlaeabmﬁut e to

about 600 A t hod_of .an ot clainms 20-21, wherein
providing a ru?lll!uienl um %?H{J&?‘REE&PEE Rt he reaction chamber
i ncl udes prOV| ding a carrier gas at a flow rate of about 100 sccmto about

500 scecm t hrough the rutheni umcontaining precursor nmaintained at a

t enper-at ur e “f ab%&?n% @E‘&wassmmmw&ahlﬁ@tm%ghmh@sm&aw on chanber,
and further 61411@ cur into the
reaction cha“% |nc udes pr%)\}fggsﬁtgéﬁﬁﬁg egé%hé%on?gafm n or into

the reacti ombowahﬁ)emeaasaﬂﬁm@ﬁaac@iplabmmnobﬂﬂmhhﬁngmut 2000 sccm

23. The neth of of. c 22, wherein the pnethod further includes
20 mai nt ai ni ﬁgﬂﬂ’éﬂ M@%%ﬁﬁﬁ‘ﬁ% gl?é"’ﬁ@ﬁ‘“?%r‘%&re in a range
of about 100C to about 400C. 24. The nethod of any of clains 20-23,

wherein the nethod further includes annealing the rough rutheni um oxide
| ayerl®t a t%merﬁemdUWmmeﬁclmanm&e&oﬂﬁMaMcﬂ&@E for a tie

period in a seconds to,ab O..mnytes in a ga
at nosphere su F%@tn g.V?l‘ 5F%Wecﬁr§ac§f c@lg‘t"ég ﬂﬁﬁﬁ@c of
el ect r omagnahd corplelely @8661H Sulfite HaRhe tHosubtRaHARE i&@ﬂh&is 8%5%%4 wher ei n
t he net hod further t%;\c(g%ges mai nt ai n| ng 30 the pressure Of - the reaction

chanber in gthgninm I8yes. t o ‘about 100 torr. 27 10 March 2004
26. The nmethod of any of clains 20-25, wherein providing the substrate

15 29.  The conductive structure of any of claims 27-28 wherein an RMS

roughness of the surface of the rough ruthenivim layer is in a range of about 50 A to
about 600 A.

, 30.  The conductive structure of any of claims 27-29, wherein a nominal center
20 cross-section area of grains af the surface of the rough ruthenium layer is in a
range of about 100 A to about 800 A.

31.  The conductive structure of any of claims 27-30, further comprising non-
‘rough ruthenium having a surface region upon which the layer of rough ruthenium
25 is formed.

32.  The conductive structure of any of claims 27-30, further comprising non-
rough ruthenium oxide having a surface region upon tvvhich the layer t)f rough
ruthenium is formed.
30
33. A conductive structure comprising at least a rough ruthenium oxide Iayer,-
- wherein a surface of the rough ruthenium oxide layer has a surface area greater
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h | ayer
of rutheniumoxide is forned on the non-rough rutheniunlh%ng%?&%?
conductive structure conprising at |east a rough rutheniumlayer, wherein
a surface of the rough rutheniumlayer has a surface area greater than
about 1.2 tines a surface area of a conpletely snooth surface having a

substantially identical shape as the surface of the rough rutheniumlayer.
10 28. The coMiBAbPYE!-4timess pgpdacsmres afiaompletely smooth laviage of the

rough rut hengm%gﬁ{(- ggﬁﬁ . - tinmes the
surface area of the cgjrar:% (gtﬂe srmotﬁ s%r%tg%}cﬁ{%ﬁ%g?ﬁ%%%%iﬁgﬁi ally

i dentical shape as the surface of the rough rutheniumlayer. 15 29. The
conductive stgyctu of any. of clai 27-28, wherejn ap R roughness of
the surface oégt heﬁSﬁ%‘F&"\‘ﬁ?‘ﬁW'Wgg?}@‘?“%i‘?’wgné%ﬂ’épa_ﬁ?g/g%ﬁ? Ato
about 6Q0 A Z@heniti® AdFdrihgSa Sirfade atbardfieraiin Mouf | 21tResdis qRfackherein a

nom nal center 20 cross-section area of grains at the surface of the rough

rut heni um | ay &eajof thacompletalysmepthsyrface hayingthe subdsantialip ddpngical shapeHse

conductive st uc f |08 27- further conprising non- rough

rut heni um havﬁ\égﬁgfagﬁgftggggurg%ﬂ%%aﬁﬁ&@ﬁgﬁ‘the | ayer of rough ruthenium

25 is formed. 32. The conductive structure of any of clains 27-30, further

conpri si ng noB- rogﬂg rut heni um oxi de having a surface regi gn upon which
dug Vi

assenbly surface includes providing non-rough ruthenium10

the |ayer of h Nestrugture phany, of sty 33234, shareén theRMBr ucture
aye t SR oo v .
he r oun r it R eas b ik bIGEIHEh b ol e 1ot 1EE) Py BERNGRE T 2004

t han about’ 1. 30t tomboat 60A.ace area of a conpletely smooth surface having a

substantially identical shape as the surface of the rough rutheni um oxi de
| ayer. 34. The conductive structure of claim 33, wherein the surface of the

[pugh fhr ut hers%s.um_ Phie @8ndiYi06 stARfurd of Ay G¥Faiftls B3 -35, SfeRiin b HoRIAPEYss-1- 2
imes the. surface ‘
section grain size of grains at the surface of the rough ruthenium oxide layer is in a

15 range of about 100 A to about 800 A.

37.  The conductive structure of any of claims 33-36, further comprising non-
rough ruthenium-containing material having a surface region upon which the layer
of rough ruthenium oxide is formed.
20
38. A method of forming a conductive struciure comprising:
forming non-roﬁgh ruthenium-containing material at a first deposition rate;
and | '
forming rough ruthenium-containing material on the non-rough ruthenium-
25 containing material at a second deposition rate, wherein the second deposition rate
is greater than the first deposition rate.

39. The ‘method of claim 38, wherein the rough ruthenium-containing material

is formed of ruthenium and the non-rough ruthenium-containing material is formed
30  of ruthenium.




area of the conpletely snooth surface having the substa nti cal
shape as the surface of the rough rutheni um oxide IayeiNO I\%‘lzﬁﬁjﬂf
conductive structure of any of clainms 33-34, wherein the RVS 10 roughness
of the surface of the rough rutheniumoxide layer is in a range of about

50 Ato about 600 A. 36. . The conductive structure of any of clainms 33-35,
wher ei n a nai nalTHeA&Eod §RMHi0I8, Whttdin HicZSusH niepins-coh mdfehigce of the
rough rutheniumoxide |ayer is in_a 15 range of about 100 to about 800
A 37. The dbfmed ofmithennge oside apd thanonotough aitheniwe-costaiting magariatisnpr i si ng
non rough rfm g{z#ﬂal ning material having a surface regi on upon which
the layer of roug eniumoxide is fornmed 20 38. A nethod of formng a
conducti ve struct ure conprising: formng non rough rutheni um containing

mat eri al a irst de ion rate; and formn rough rut heni um cont ai ni ng
mat er iil rﬁwmﬁﬁg‘ﬁ lé‘i! H&%er iypRcenteping materighcond

deposition r Ei!ﬁ‘h 8 t he
first depos|]L't§|fdgnf113e)ri’t'g,fg éjﬂé‘hﬁ%}le met%%ﬁ%ﬁh%’al m?gfl e@gﬁ%ﬁ%@}%f?oug

rut heni um ccnftralhnmnglomdeerl al is fornmed of rutheniumand the non-rough

rut henium-containing material is formed 30 of ruthenium 29 10 March 2004
40. The nethod of claim 38, wherein the rough rutheni umcontaining materi al
is formed ofgrut hﬂ{H]ﬁ&h&i(bﬂga]m Wﬂlﬁéﬁﬂgﬁlmtﬁgﬁﬁﬁd& %9
rraterlal is forned of ruthenium’ 41. The nethod of clai m'38, erein the
roughl® ut hensfnwdmimgnmdsmndmen@-rmghmwmﬁmdm non
rough ruther}:l A %&ﬁﬁi terlal Is formed of ruthenium oxide. 42. The
met hod of clarm SrePh ?he rough rutheniumcontaining mterial 10 is
formed of rut henl um oxi de and the non rough rutheni um containing nateri al
i's

43. A method for use in forming a capaciior, the method comprising:
) providing a substrate assembly in a reaction chamber, the substrate
15 assembly including at least one surface; and
forming an electrode on the at least one surface of the substrate assembly,
| fvher_ein forming the electrode comprises:
providing a ruthenium-containing precursor into the reaction chamber,
and | _
20 depositing a rough ruthenium layer on the surface of the substrate
assembly from the ruthenium precursor at a rate of about 100 A/minute to
about 500 A/minute.

.44,  The method of claim 43, wherein the substrate assembly includes an
25 | opgning defined therein, wherein the opening is defined by a bottom surface of the
- substrate assembly and at least one side wall extending therefrom.

45 . The method of clann 43, wherein providing a ruthemum—contammg

precursor into the reactton chamber includes providing a carrier gas at a flow rate
30 of about 100 scem to about 500 scem through a ruthenium-containing precursor

maintained at a temperature of about 15 °C to about 100 °C into the reaction

chamber to deposit the rough ruthenium layer on the surface of the substrate
assembly.
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e e SRR

formed of rutheniumoxide. 43. A nethod for use in formagsad.f3885i tor, the
nmet hod conprising: providing a substrate assenbly in a reaction chanber,
the substrate 15 assenbly including at | east one surface; and form ng an

el ectrode on the at | east one surface of the substrate assenbly, wherein
form ng the el ectrode conprises providing a rutheni umcontaining precursor
into the reaction ohiietd adainths 4aRAT o ieiod UGN IRIENLUTANET O
the surface of the substrate assenbly fromtheé rutheni um precursor dt a
rate of about theeubsiraestemblysurfico at a2 Goperiture ing wngd of abbut 10@°Chiodbolt cl ai m
43, wherein thgsmpbstrate .ass |y includes an 25 opening defiped therein,
wher e the oo e rRRE I s e ot i Feoled B P Ferahgy piout 04
assenbly and afordteabdutQ0%orsi de wal | extendi ng therefrom 45. The net hod of
claim 43, wherein providing a rutheniumcontaining precursor into the
reactionschanber i ncludes providing a carrier gas at a flowrate 30 of

about 100 see o] r r | L[l regursor
mai nt ai ned at r%’i't eﬁp%%?@?‘go%@%%%t‘aﬁ%ﬁfeoﬁ%gg@u?H%gﬁ%f"l@ﬁg gﬁgﬁ'gn&tglgct i on
chgn‘oer to demsgnghl ruthemivme laybr dtwththmpbmmré iiyﬂ‘anh WOﬂngBS{;abeﬁe abéut@be‘\’,\%
substrate ass y. 3Q 10 Marc 004 46. T met hod, of , cl ai m 45, erein
the met hod furPhameReAgY usa Rgen e ?#ﬂlﬁaﬂsqqqggfgtg woidomitesnh| y surface at
a tenperature in a range of about 100C to about 400C and nmintaining the
pressure of the reaction chanber in a range of about 0.4 torr to about 10
torr. 5187 Tr8.net Reximethod bfi¢laind 37, wireeinanndaling thetrbogh fuihicniven ldyec| udes

anneal i ng the .rough ruytheni yum | ayer at tenperature in a range of about
300C to about %‘83@91%185‘*5&“{1?#@%5@%06’&& Sy gﬁ?a%ﬁﬁ'}fe’?@@gﬁ%ﬂ{js to
about 30 m nutut 6.9 miBlitorf feabGRk BAEnedpheledid A fob atibsheie subjRfald Hg1dwe

rough ruthenium | ayer -
g i cha}:/ge created by applying an electromagnetic field across the gas mixture.

15 49,  The method of claim 43, wherein providing the substrate assembly surface
includes providing non-rough ruthenium, the rough layer of ruthenivm formed on
the non-rough ruthenium.

50.  The method of claim 43, wherein providing the substrate assembly surface
20 includes providing non-rough ruthenium oxide, the rough layer of ruthenium

formed on the non-rough ruthenium oxide.

51. A method for use in forming a capacitor, the method comprising:
providing a substrate assembly in a reaction chamber, the substrate
25 assezﬁbly including at least one surface; and
forming an electrode on the at Jeast one surface of the substrate assembly,
the forming of the electrode comprising;
~providing a ruthenium-containing precursor into the reaction chamber,
providing an oxygen-containing precursor into the reaction chamber,
30 and
depositing a rough ruthenium oxide layer on the surface of the substrate
assembly at a rate of about 100 A/minute to about 1200 A/minute, wherein
the RMS roughness of the rough ruthenium oxide layer is in a range of
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further includes annealing the rough rutheniumlayer at g QLeRSHLE IN @
range of about 0.1 mllitorr to about 5 atnospheres in a as atnbsphere
subjected to a glow discharge created by applying an, el ectromagnetic
field across the gas m xture. 15 49. The nethod of claim43, wherein
providing the substrate assenbly surface includes providing non rough

rut heni um the r catgiut 5@heto abbutréd0hfeoi amorhinalxemicn orostisectivanarsnoftdtaibgt heni um

50. The nethod of claim43,. wherein_providi.ng. the substrat ssenbl,y
surface 20 i ncl (HASSHAG PEbRGOTRFUETIM SR LA D Fenge ot aBOWIOBR | ayer
of ruthenium f or mpchpatt gdpA_non rough rut heni um oxi de. 51. A nethod for use

in formng a capacitor, the nmethod conprising: providing a substrate
assenbly in a reaction chanber, the substrate 25 assenbly including at

| east @ne sukf ace, fQrip@ ectrode .on t he at,. east ,one surface of
the substrat éi'assghn%&gfhoat é’i]ﬁ'gra%’ ﬁ'éergpt?‘ﬁgubeﬁtgéetq%e&%blg P9Sig:  provi di ng
a rutheni um osning dufidgd fHeeeit] WhéreinthOopditng B Aefihel byEd BotasHh surfitefit Ng an

oxygen-contai ni ng precursor_into the reaction chanber 30 and depositing a
rough rut hen?‘ﬁﬁ@%ﬁﬁéﬁs’m@y@d@rle“isﬁ_@n%%ﬁiﬁf‘él@]éem@lﬁéﬂ!ﬂlj@mate assenbly at a
rate of about 100 A/mnute to about 1200 A/m nute, wherein the RVS
roughness of the rough rutheniumoxide layer is in a range of 31 10 March
2004 about 583. t oThdmethodd aAy of claintosi-52ywieesin providing a-ratehivan ar ea of

grain at a suyr.face of the rough rutheniymoxjde layer is in a range of
about oo A ot roisme iots Tatcoctie hambeR nGds R VIOEE 5 GHEeens ol e
substrate asfagwihié of A6sud08 sBén 1O NS 560 g&ﬁgl‘f&h uhnﬁé ﬁtﬂenim%%,@mﬁge

opening is defined by a bottom surfac strate asse ind at
| east one si precusadl maintabrd atg teinperafiwoof abbat 15TE toaldud d00PCaunty th | ai ns
a.rut heni.um, 10 copt aini ng.precursopr into the

51-52, wherein proyidin
reaction chaffg€ 04%@%8@9%%‘7\4’@‘%“% ﬂﬁ BF-SOTPINGE BRSS!  about
. 100 seem t ojrabMdlremion TEARDERAMAL bROFiding NEOkyth COREMiRE PRcursor into

15 the reaction chamber at a ﬂow_ rate of about 100 scom to about 2000 scem.

54, The method of any of claims 51-53, wherein the method further includes
maintaining the substrate aséembly surface at a temperature in a range of about
100°C to about 400°C and maintaining the pressure of the reaction chamber in a
20 range of about 0.4 torr fo about 100 torr,

55. The method of any of claims 51-54, wherein the method further includes
/ annealing the rough ruthenium oxide layer at a temperature in a range of about
300°C to about 900°C for a time period in a range of about 30 seconds to about 30
25 minutes,

56.  The method of any of claims 51-55, wherein annealing the rough
ruthenium oxide layer further includes annealing the rough ruthenium layer at a
pressure in a range of about 0.1 millitorr to about 5 atmospheres in a gas

30 atmosphere subjected to a glow discharge created by applying an electromagnetic
field across the gas mixture.
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precursor maintained at a tenperature of about 15 Cto §b$:|nto t he
reacti on chanber, and further wherein providing the oxygen TEoR al ni ng
precursor into the reaction chanber includes providing an
oxygen-contai ning precursor into 15 the reaction chanber at a flow rate of
about 100 seemto about 2000 seem 54. The nethod of any of clains 51-53,
wherein the rréﬁhodmmab@dommmmﬁaws,awmwgﬁrbﬁdmghﬁéﬁlﬂiseatassenbl y
surface at a te ature in range . .of about 1800 to about. 400C and

mai nt ai ni ng t A& ng’i’ Eaé’eé?c‘fq?éPF%@PgB?P‘ epipay, themgughlager off  about
0.4 torr to a@@ﬂ&m&&ﬁbﬁﬁ&monﬁéxmﬁhﬂ ﬂfﬁmﬁﬂﬂﬂﬁ any of clainms 51-54, wherein
the nmethod further includes annealinhg the rough ruthenium oxide |ayer at a
tenperature in a range of about 300C to about 900C for a time period in a
range of abou%830 econdﬁ % €u¥t 30, .25 mnutes. 56. The nethod of any of
cl ai rs 51-55, "wher rut heni um oxi de | ayer further

i ncl udes annea"ngaﬁﬁﬁtﬂ@ﬁﬂﬂc@Mhﬂﬂ&ﬂ%ﬂkhﬂhﬁﬁm@inﬁmﬂﬁﬁﬁ%ﬂ%ﬁvﬂﬁﬁﬁnﬁange of
about 0.1 nmillitorr to about 5 atnospheres in a gas 30 at nosphere subj ected
to a gl ow di s&WAREOL ébem%rwyerapm@m@mswfa@emmwthmMIa acr oss

the gas m xtu Hilfg Q/%r The f.an nms 51- 56,

wher ei n provi c&iﬁ}]ea%t% e subs %9%3 eyn%'l1 0%5‘%@?&%&@?’%’?@% di ng

non-rough rut mhnhmshhﬁewmughfmmmﬂbugﬂmmmm@feﬁ][ fTEdtonlthte ngn ][0U9hd
irst electrode forne

rut heni acitor structure conprising

of at ié[g]st a roug %Pﬁ%‘ﬁ OD\%Fllé?%larim&mﬂsﬁwlﬁ@é?t&kC@’?@ pedigh

rut henl um layer hagsgc&ﬁ onlbiedic times a surface
area of a conpletely snoot surface an ng a su stantléﬁrly i dentical shape
as the surface of the rough rutheni umlayer 10 a dielectric layer forned
on at |east acgortion of the first I and. .a seco conducti ve

| ayer forned 8% th |°8?%étlofft5“‘it'§§é’? %ng F'F%" 9?8%? e of claim
58, wherein t hgthenlindaferdas b BErfaRUGEh %EMM&QM%cmfﬁ%@r ea

greater ghan about 1.5 tines the surface area of
the completely smooth surface having the substantially identical shape as the

surface of the rough ruthenivum layer

60.  The capacitor structure of claim 58, wherein the first electrode further
comprises non-rough ruthenium upon which the layer of rough ruthenium is
20 formed.

61.  The capacitor structure of claim 58, wherein the first electrode further
, eomprises non-rough ruthenium oxide upon which the layer of rough ruthenium is
formed.
25
62. A capacitor structure comprising:
a first electrode formed of at least a rough ruthenium oxide layer, wherein a
surface of thl_e rough ruthenium oxide layer has a surface area greater than about
1.2 times a surface area of a completely smooth surface having a substantially
30 identical shape as the surface of the rough ruthenium oxide layer;
a dielectric layer formed on at least a portion of the first electrode; and

a second conductive layer formed on the dielectric layer.
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15 the conpletely smooth surface having the substantial by pHgnbhsf! shape
as the surface of the rough rutheniumlayer 60. The capacitor structure of
claimb58, wherein the first electrode further conprises non rough

rut heni um upon whi ch the layer of rough rutheniumis 20 forned. 61. The
capacitor structure of claim58, wherein the first electrode further

conpri ses néh r olighcapaciterstuatuoxofclaioniZh whisreim thetrurfaegafithefougbugh rut heni um
is forned._25 62. .A capacitpr struct | SkRq. fi rode
formed of a e@éﬁ?lyﬁg%&sﬁfﬁ%?%%%%%@eﬁ,s egrﬁleqér?}%&%ﬁgﬁgce of the

rough rut heﬁb%h)?ﬂta?sh@ﬁﬂfsubﬁﬁemv&\gﬁammw&m&ﬂshdlnmsa]hmut 1.2 tinmes
a surface area of a conpletely spooth surface having a substantially 30

i denti cal sHufee af therreughipytheaimgiayehe rough rut heni um oxi de layer; a
dielegtric layer formed on at least a portion of the first electrode; and
a second conductive layer formed on the dielectric layer. 33 10 March 2004
63. The capédi t oThe tapacitor srofuredfilainbe?, witeeeinithe fitstelectrddadartiodr t he rough
rut henium | ayer _has a surface are‘exl?(g}r:egitﬁﬁr t anrpz.bou 1.5 tines . the surface
area of =t hEPTRRBRYSE BORY eRuay, whigh fheloyenng 1 iy PX1de ot i cal
shape as thgmsyrface of the rough rutheniumlayer. 5 64. The capacitor
structure of claim®62, wherein the fast el ectrode further conprises non
rough rut heni um upon which the | ayer of rough rutheniumoxide is forned.
10 65, The pacihtor structure of .claim62 werekrn the fjrst, el ectrode
furta r coﬁ%ris © GRpRCHIGT R ﬂgﬁ%%x‘%ﬁeﬂ%%h%?lgﬁe&‘f% §fer of rough
rutheni um  exhffisdshoh@bAEutikhium oxide upon which the layer of rough ruthenium

oxide is formed.
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