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STRUCTURES/ METHODS US- | NG SAME Abstract: A method

rut heni um contai ning |l ayer on the surface of a substrate assenbly includes
providing a rutheniumcontaining precursor into the reaction chanber. A
rough ruthenium | ayer nmay be deposited on the surface of the sub- strate
assenbly at a rate of about 100 [err]/m nute to about 500 [err]/m nute

usi ng the rutheni umcontaining precursor. Further, a rough ruthenium oxide
| ayer may be formed by providing a rutheniumcontaining precursor and an

P ben um oxi deMEPEEAE PO FOXAENE ROBHLRNTERTPRECRIRIITGG "7 .1 V3¢
about 100 [err]/m nEAYERS AP STRUECIURES/VIETHODS USINGSXME of the layers

may be perforned to further increase the roughness. In addition, conductive
struc- tures including a rough rutheniumlayer or a rough rutheni um oxi de

| ayer are provided. Such |ayers %de%?tﬂéﬁﬂrehﬁoﬁonj unction with non-rough
rut heni um and/ or non-rough ruthenrunroxrade tayers to form conductive

structur8&s. For exdihepreseatitiesionrelateses semiyoriaciop devicefand thapaci t or
structure, e. .bot t el ectrode of a ¢ pacitct)[. 1Q March 2004 METHODS FOR
“@&Y TERES SMRORIRET NP

g m
FORM NG ROUGH TRUFABRR i esinMOrRPRIge USI NG
SAME Fiel d of {oRBudtivéaYetO8F mthenium anid/or rathenium oxide.

i Background of the Invention
10 In the fabrication of integrated circuits, various conductive layers are

used: For example, during the formation of semiconductor devices, such as
dynamic-random access memories (DRAMs), conductive materials are used in
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




5 The present invention relates to sem conductor devices g 04
fabrication thereof More particularly, the present invention pertains to
rough conductive |ayers of ruthenium and/or rutheni um oxide. Background of
the Invention 10 In the fabrication of integrated circuits, various
conductive layers are wused. For exanple, during the formation of

sem conduct osurfleeiacas Fosexampls, suclya aodxtensive dondutive byenioomed eser( DRAMG) |

conductive ngterials are used..in the forpatjion of. storage cell capacitors

and al so m%&%ﬁ@@?ﬁ%@%‘%ﬂﬂ%@&ﬂg%ﬁ%@éﬁa@”ﬁ% nduct i ve

|l ayers of contact HyQle9er, inthiSoas@! fhe 1sd o FISTRIIRnHadll suifist REL QI Me NOT € _

dense, it is.necessary to decrease, the size of circuit conponents forning
is|

such devi ces lowtn@lagtrpds is prableratics thor gyampleapber an/HEG sili

capaci t-ors of e [ evice nd at _the sane. ti decrease the nenory
Coproe S0l 5o st IRy 8 TRl atpntatr ARSNGB AIERRRRE oct i ¢ 1 ayor
of the st oraggpaeitbl suehasddstiibed il NRBEPAER NI iSTODUE he Dlehhigo, @p &L ant 20

materials are used in such applications inter d between two el ectrodes.

One or nore FBleds Wmmkcwmgﬁmm&sed as the

el ect rode gt linl Gl Bebostll ABCIARLAMEMREITRARESISRARCT 2 St Or 3ge

cel |l capacitor evice w thout |ncreasi°r'1'§ [ file "'OCCUpati on area
of the storafecembir 1251993) fwird i3ra, possibility of forming silicem dioxide beteveensed t o

i ncrease the_ s ce,area of t 1o el ectrode of the capacijor. For
exanpl'd hen#?;% R n@\ﬂﬁ#%@ﬂ?ﬁ&}f%@@@é@%%@éﬁ% kdfEreSuch surface
area of the kﬁéﬁ&h@&e&éﬁg%&ktﬁiﬁ%@, &d &6 toQhe &SR Y o ce. In one

illustrative HSG t echni que,” an HS I con surface I's used as an 30
under | ayer f througintheanetildaper. Furtlens theis it thegosabidityt ofxilécanadioxide an i ncr eased

1 10 March 2Q04 surface area. For exanpl e,. such.a.coextensi ve conductive
| ayer forrrpd?. On{bﬁ_@veﬁ’é e@ﬁﬁﬁ?&%ﬂ%ﬂe C%ngﬁﬁﬁg‘ium e fornmed of
titani um nit difkesion EFYE*Rh throfghHhe Yu&taafer, Blich sif€orPdiokidetéenAdhance surface

area of_ the _|ower electrode is problenatic. For exaggl e, when an HSG

si licd® sur f dkelydye tathepxygananseal spariradfyeformatiomofighiclasttie cont ai ner
capaci tor (€. gngtad Iﬁa%ﬁaﬂ, B, Ta, 05 or BaSrTiQ,, over the lower electrode.

‘However, reliable electrode connections are necessary. Formation 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 HSG silicon surface,
25 . however, also has problems associated therewith. For example, the container

[y
ot

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 elecirode. In other words, the surface area of the
HSG silicon surface is decreased by application of the diffusion barsier layer,
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capaci tor such as described in U S. Patent No. 5,270, 24
al . entitled "Optim zed Contai ner Stack Capacitor IJ\)Io(g?rDﬁ%le Zi ng
Sacrificial Oxide Deposition and Chem cal Mechani cal Polishing,"” issued
Decenber 14, 1993) there is a possibility of formng silicon dioxide
between 10 the HSG silicon surface and the netal |ayer of whi ch t he

electrode is fo t he e ctr .c lay I,S bei.n ue to t he
Gi 1 usi on of B3 en fuis Qergrrrnty e eaplisatipR bt e P vRcsiectiong er

possibility oisu&idmm;%@éff&ﬁveﬁ@,éafﬁabeas@gtﬁeqeﬂeﬁél&ﬂ%aﬁrfdcema and the
dielectric bein fornmed due to the diffusion of silicon through the netal

| ayer. Such smi ofl H54 g dimipished-i on |s 15 likely due to the oxygen anneal

required for forma of _hi onst ant : Ta206
or BaSrTi O3, over ?H%B? %% ?ta?‘o}g’cé lsrs'eq[?ng%q%éh%l%%tf%lge
connect isons aegmﬂpleeaﬁmgymnﬁ@émypxmyqéssahéﬂmmmﬂﬁl@mdeﬁmx;bed above
decreases the reliahility of the electrqde. connection, Further, such

silicon di oxi &y Siednereass W%thﬂi“ﬁ ol theough ase af HSG is bpited capaci t ance,
t hus degradi ng.thgnsfor age capacity of the cell capacitor. To prevent the
di ffusi on of oxygen“to the HSG silicon surface, or the diffusion of
silicon through thé}ametaﬂy,ﬁaapnsmetalﬂndsnetaihcaompbﬂmhjfmm'eiomnplb,enetalsuch as

titaniumnitrid nmay be us et ween .t he, HSG si surface to formthe
| ower el ect rof® %“ﬁw&fg’émb?“%é’lﬂ 2pd qonstychiye a%é“% silicon
surfacepp 25 houB¥&inn & hiibelh pRIpBE&! @sﬁ@abai&ﬁsm%%dﬁe offfe exanpl e,

the container size of a container "capacitor 1s. relatively small. Wth use

of nultiple | 3sysesof Od%smoswqwﬁhh@rﬁde@,icmmmmear rier, and

then a | ower eIe r.o a, cont |rably

| ar ge si ze ma;ﬁ%%"? &I?‘Idll el t Q}?ﬁdfﬁlegeﬁgg‘i frier |ayer
over an i ncremeha&s:béoaﬁseom aifmt@éasﬂ@r etdﬁ@ushinaf@ialsslnoiammanﬂe
thereafter a lower netal el ectrode | a¥er t hereon, wi'll decrease the

ef fecti veness amcwéiteée BapeTiQpilmes tydiquid Soutce Ghemiicadt t he | ower

35?222‘3’3 by z}ﬂ%,tjl cape%n o@ﬂﬁ%élgﬁﬁarn er%ﬂé@%gg 2884| >

and t hen furt Rl 3e@dO08) Part byNo 4B @ptemhet i[896)opp. YBB04888, rdesdribes thede | ayer .

In such a rranner he.effectiveness ncr easi e | ower electrode
surface area rutthemuman rmhemmnom%efor ormmgeT&thesmconjun

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 o 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 such 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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with use of HSGis dimnished. Further, grain size of anlo!ﬁaq;cﬁizbégon
surface is sonewhat |limted. For 5 exanple, such grain size 1S typically

| ess than 200A in nom nal dianmeter. As such, the increase in surface area
provi ded t hrough use of HSGis Iimted accordingly. Generally, various
nmetals and netallic conpounds, for exanple, netals such as rutheni um and

pl ati num  angsEoNyWrtickie MRS FobRElsIRSeriRdGBoRS adofisiBAIwAM x| de, have

been proposed as the electrodes for at |east one of the l|ayers of an
el ectrode stigadilyfappareatciran the deisgtiptitrebadew; fovglcemiugiine layareof al s.  Rut heni um

oxi de and rut heni u ectrodes have been eml oved as, el ectrode materials
because of the abil %ortxgﬁnglggﬂ?}ué?eﬁefg%#%émgdtpzheggpenéxaml e, the
article entiinb@fion. FBrexampld, 3ol sanditerAaRS ililudihgHitlerfomicag behen cal 15

Vapor Deposition on_Ru El ectrodes ," b%’BKawa.hara et al. Jpn.J. Appl. Phys.,
Vol . 35 (1996pd apthedower aubotiomzlzctrode ohp sapactasiruciyss ingwpsing 885, descri bes

the use of | | i Lot ' . I n

conj unction Wﬁ%gﬁ%kﬁ%ﬁ%@g&i ggﬁ%‘?ﬁﬁ#%%ﬁ‘é@@%@%%%%%ﬁ ed therein,
surface rougitheit tg meed SordiSGrailivon dbenationb lsiHS(@ dilicon Btrotiubed, ek
AR R M ST RN RN
physi cal Vap&fndﬁéﬁ%éfek@f&uﬁ?eﬁﬁhn%%?ﬁﬁh&ﬂm?gﬁiﬁm& Wvﬁggégﬁp puttering

processes. Many stordge cell capacitors are cated cl ude

el ect 10de | asostsPyreliminating theoneeddfoo HSS siicmuformatiomatdgossiblywi t hin a smal | 25
hi gh aspect fatio openi.pg.. Typically, sputtering does not provide a
sufficientl yfo ?no&er?a TR gT(?Efquat e for formation of an el ectrode | ayer

within such a snRketddior RERESE a tMighQoRRERivE tayes .U RBEYhAingdpe | nvention
There is a need in the art to increase the surface_area of

a lower
-el ectrode sRMstyumfees rouehnsss in aeange of akput A8 Ade abputt608 A )dndke of t he

capec o ShANEA GBS sl LR ST b R BB S50
associlat ed vprokididpea substraié asdembly in a reaction chamber with the substrate
assembly including 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.




10 March 2004 HSG To overcone the problens described aq%%ﬁmtﬁaﬁogthers _
that will be readily apparent fromthe description bel ow, Tough conductive
| ayers of ruthenium and/or ruthenium oxide are fornmed according to the
present invention. For exanple, a rough conductive |ayer including

rut henium can be 5 used as the | ower or bottom el ectrode of a capacitor
structure increasi t he surface area  of. the | awer el ectrode w thout

i ncreasing. the oct QBF%H?gFﬁﬁwgﬂgu@%P#ﬁﬂﬁ?*?&ﬂ?@ﬂﬂﬂfﬁ%ﬂbqﬁ§§%ﬂI i con
formation. Asrdukocsiductodiayer ifl Phe fAbHEatiokdE bifte cRastsdapaRtatef silicon

di oxide formation, Further, the use of_ a _rough _conductive |ayer of

r ut heni um anda§emblyirdndingaswtee igprovidedie a repcenehigmper. Aguthssiom-py
elimnating t 68 ;]FJ-@ | dl 0By |'- EEHQ g ' formati on of a
di ffusion barr&lﬁler. gp}rf%t gdgfpgé’%fi%?irlnﬁ%gfea ro%ﬁ con 8‘%@%‘\% ayer (e.g., a

| ayer havi ng athenRidblayer isaleposited ghttssurfate of tha sylesirafe aakmbily a0 Atd 0 about
bO0 A) in the .fabrjcajjaon of inteqgrated circuits according to the present

i nvention i ncP{ﬂ’@Et@%)PHW‘&it%@Q%}“gQQ ipute, gelaably ¢t @ aie of est 20h  chanber
wi th the subsRpaingic 18556300 A/R%hHdi Ng a surface. The substrate assenbly
surface is maintained at a tenperature in a range of about 100C to about

400C and the pressanethef methed forfminga rohgindradustsvertayan(agnedayen a range of
about 0.4 tor§ to a 10.torn. A carrier S flow.r of about 100
seem to about L%%g%b@?"ﬁﬁ %%W%&B@@?Fﬂ“&ﬁ@ﬁ%“ﬁ?%ﬂ@@ﬂ%@h iMi ng f
precursir mai fHedhliRANG oinkeated iR a0fordiBe ¥ the badsehtGndbitith idd@fesi Nto the

reaction chanmber to deposit a rough ruthenium |ayer on the surface of the
substrat e assEfIdng 2 subsiate asseriiy bevinga swfase intp @ reastion ¢hambes. det hod may

ariys)
i ncl ude provj 'EEQ ﬁ HEHEE}% Qs is Brd il s f out 0.seemto about
500 seem i nt oh% 'ggr ERCTT BN an’ﬁ@?o,“ éﬁtgttjt@%%ﬁﬁt?ogléaﬁ?gé%ﬁ?@n%urface may
be mai nt ai nedwith aa okpgmecaitaiting iphecufver.r Angephatrthehium oide Gyepisabout 250C,
t he rough rutheniyu | ayer y deposi t ed a rate of about 100 A/m nute
to about 500 Wﬁa@&eéﬂﬁ?ﬁ@bﬁ%me@iﬁﬂ&mWﬁ@W Bfnealing the
rough ryt hem:%wbﬁﬂzmmﬁ’%?@g%ra%ggg%{gﬂ ! ttA/ to about

900C for a time period in a 30 range o ut -0 about 30
mi nut es. Furt keabout 60 Afwisute. may be performed in a gas at nbsphere

subj ect ed ,t-o a gl % gﬂesecmht% fent oF the ge&Xd, the ruthenium-containing precursor

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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applying an el ectromagnetic field across the gas m xturegq Q. Mpgh 2004 In
anot her nethod according to the present invention for formng a rough
conductive layer in the fabrication of integrated circuits, a substrate
assenbly including a surface is provided in a reaction chanber. A

rutheni um containing precursor is provided into the reaction chanber and a
rough 5 ruthenium | ayer js dep05|ted on the surface of the substrate
assenbly a Mﬁé%%m b-2Ampasa suefapeatgn of o coppleflysmonth, preferably

at a rate Qf:fa@ﬁﬂ%né é{;[q t her nmethod for
‘form ng a rough conductive tl&n%lgal aasﬁg‘ger %\E}@%m RMS surface
roughness mﬂlamumﬂa;erol"reﬂmﬂy ﬂi@sﬁ-fdceaﬁadugmﬁfbﬁﬂﬁhabbut 1.8 tilfee theabr i cat i on
i nt egr at circuits accqrding to the present ent'iQn .i.nc] udes
pr ovi di ng "é’“’g'ﬁﬁ “a‘ﬂ’é‘aﬁe %WE@QWX’W%& dentical chanber. A
rut heni ummp&ﬁ&@g@g@@;ﬁgg&@ﬂgﬂ%ﬂe A4 nto the reaction chanber along
r'sor roug

W th an oxygen-cont ai ning prec h rut heni um oxi de”l'ayer is
deposi ted on thbl@hcﬁﬂn@iﬂenﬁafﬁmmndmcmmmeajmduotﬂbe of about 100

15 A/ m nut about. 0 AAmn r ef er abl a rate of about 300

Al mi nut e %“Cﬁﬁﬁ et e’g W&ﬂ%ﬁ]&ﬁ{“ﬁ\‘gbc REheEImMAY ¢t he

r ut heni um fRmb& mmaw ﬂﬂ&ﬁﬁﬁmﬁ%&ﬁ&ﬁi@ﬂ&ﬁ@lﬁd@&ﬁ ﬁ@ﬂ%&ﬂeﬂﬂmgha”ber
sccmto a

providing a carrier_gas at a floow rate of about 100 out 500 seem

t hr ough th@mﬂ%@@hWblﬂidbﬁmdnm@em&mador mai ntai ned at a tenper ature
of about 15C to a en i, e react. on chanber. Further,

t he oxygen-containi ngc%udglgﬂv%%u#‘? E’\ CRISCRHBVEIOR: | o1 chanber at a
flow rate ntlﬁb@mlea@em@gmumaﬁ@uhde?@@p AGhfhcd 6 thé fsighembodi ment s of

t he method, the substrate assenbly surface 25 naybe naintained at a

tenperaturﬁ“‘h%“ﬂ’lpﬁﬂ&éwha% gurfacc@ra greatenfbon abpw @2 timesa pufweur e of the

160 o', AEABER oABchTy SRLBACLASE At ¢ SOSAmBliT BBl ey 12 20

t enper at urﬁnelsndbcertﬂitbermfghabwmuﬁﬂ&ﬁdé Byed RibfelMf; theosurface hrdg iPeriod in a
range of abouft é’a&f’ﬁﬁ g fo ﬁ)ﬁ out_30 m nut es. -Further, the anneal may be
30 done i n®%* '%‘g‘n theicomnletely semogth wrlese ed by
appl yi N9 aRaving the substantially identical shape as the surfacc of the rough ruthenium
~ oxide layer
In other embodiments of the 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.




el ectromagnetic field across the gas mxture. A conductiydaMELrh%bHre

according to the present invention includes at |east a rough ruthenium

| ayer. A surface of the rough ruthenium|ayer has a 5 10 March 2004 surface

area greater than. about 1.2 times a surface area of a conpletely snooth

surface having a substantially identical shape as the surface of the rough

rutheni um | ayer o Bredgr ! ¥ rface area is greater. than about 1.5

times the surface ar _eaﬁ%f Msfehgelp?%ﬁn%']%%elc?})agﬁn%o FrOLHPE 4R D% RIFSERE t he

subst ant i amvgnticteenmprises peividieg a aabdtfae sfiblodn aofeadtidn chamér, ke heni um

| ayer. In inents. of the condyctive structure, the conductive
Sistekee SRR ThAMTg ot e oo

structure may I nc 37 @%n whi ch the rough rutheniumis
fornmed. Likewi Sﬁ)niﬁﬂwnmadmdébﬂﬂlesdtﬂéa@ttdik%uﬂﬁiédf@ﬁdéﬁgﬁrdf@&selﬁlgyagh rut heni um
oxi de upon g/nich t he rough rHt heniumis fornmed. Another conducti ve.
structure SCESPHPHEEtheHierti9fecarmprisctivent i on i ncl udes at |east a rough
rutheni um oxi deploaifiig o AuBidhibACSoninih récHOR inth 4h SBHA i) aver has a
surface area  greater than about 1.2 tines a surface area of a conpletely
smoot h sur f¥te havi ng a substantially identical shape as the surface of

t he rough rut heﬂéﬁ(‘)@?tiﬁéihig%gu &ﬁﬁemﬁﬁefag a?l ythetspl ﬁ%#éf?ﬁegﬁﬁ%sﬁ%te is greater

than about 1.5 tines ace area e Co surface

havi ng t heasserpblyrem thel mthiepiont preairsstunpeataof tbat 900 Ba@imnes totddeut’ ough

rut heni um gy tJeayer .I'n other enbodi nents of the conductive structure,
the conductive ~structure may i nclude non rough rutheni um . upon which the:’
rough ruthenium oxide is, forned In other. enbodinents of the present

i nvention, the gboye n&th ds and conductive structures may be: forned as
part of a capacf*Peer method, for pse infgymipg a,pgpacitor pecordingitocthensessatr uct ure nay

be f or Med veriohl dosiprisél H1GVidSHCa Gibshale! ABmIY GE LIRARR chAnbBDRR! LOT- A

‘met hod of %@rn‘i ng a conductive structure according to the présent
i nvent i on TOMEHE sBsmblyinglyding aideast enapurface Aethi um cont ai ning material at a

I ih(ra\SJlt’lonfiregSZ iht | RAmirdla el@Btad O He91a Qa0 kPSR ith%ns}ugsq:%eaailsgémrﬁy,'mt erial on
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.
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rut heni um containing material at a second deposition ratg, ip the
second deposition rate is greater than the first deposi@ihg%m{r?g?%{] 610
March 2004 A nethod for use in formng a capacitor according to the present
i nvention conprises providing a substrate assenbly in a reaction chanber,
the substrate 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 um containing precursor
i nto the reacti anothbassbaditor stncttte pasrdingity the presep invattvardomprisesyger on t he
surface of _the substr at assenbly fromthe rutheniu recursor at a rate
of about 1§§tﬁ$’3ﬁtf9ﬂ§tfr‘émfeg of gblgpst ﬂgé'eg‘w* PR %N ff’fe\% PRod 8 use in
formng a epMmeshighuhesitmdbixii lhyer ik RIrRSEhlca ghdawe flan @BowtAPIieLs provi di ng
a substrate assenbly in a reaction chanmber, the suybstrate, asse{Tny

i ncl udi ng &tsurfasgsired ok assorplcidy smogty fach Jayined @’(%F‘iaﬁ yorferteal at " | east
one surfacgh%gag gsﬁq&gtolfﬂ{e%@g%s,gmg{lmmmg&@la;&gm ng of the electrode

conprising: providing a rutheniumcontaining precursor into the reaction-

chamber, provi didislectic loxey dermed ontbleastagopiancafthotirst decgrodeiand eact i on
chanber, and d Sl Ll T i i er on the surface of
the substrate agggcr%lﬁggﬁuaéveﬂa ef%#ﬁe?%&ﬂi’%%%&%ﬁ%}%ﬁte to about 1200

Al m nute, wherein the RM roughness of the rough ruthenium oxide |ayer is

in a range of about 50 A fbout 600 a pom nal center cross-section
area of . grains at a surfa AResCRiptiop 1E 08 um oxide layer isina -
range of about HROLRsR iRRAEN $EbEbe rﬁﬁamrﬁaﬁi%amgﬁeaccordi ng to the
present invention conprises'a first- ‘el ectrode forimed of  at |east a rough

r ut heni um: follpwing duseription of illustfative colbotliments withireferenbetd then | ayer has a

surface area greater tham ab 1.2 tinmes a surface area of a conpletely
snoot h surgtg’@-'- - @“ﬁ‘i‘@%‘bﬁsa“@ﬁﬁﬁgﬁ ®Y¥al Iy identical shape as the surface of
the rough rut heRigufe 1A pehirally shobsafiotbl chdiRtivé RiyePsk éiheat | €ast a portion

of the first electrode; .and "
ruthenium or ruthenium oxide formed on a substrate assembly according to the .

present invention.
Figure 1B is a detailed diagram of a portion of a surface of the rough
conductive layer of Figure 1A.

&b




a second conductive |ayer fornmed on the dielectric Iayer10 I@Q‘rci’\%ONﬁrCh 2004
Anot her capacitor structure according to the present inventlron conprises a
first electrode forned of at |east a rough ruthenium oxide | ayer, wherein a
surface of the rough ruthenium oxide |ayer has a surface area greater than
about 1.2 tines a surface area of a conpletely snooth surface having a
substantially identg. . h : fa Q qf r.ut heni um oxi de

| ayer; a dielectri (?I ,a‘ﬂL’/se?Ri&@?ne ongélﬁﬂﬁpelgs péé%%or (i’f(r)fﬁ o &'he rst

el ectrode; andower detrdd aceviding to the praaptindeatior doraie ile caaeltect ri c | ayer.
Brief Description of the Drawings The present invention wll be better
under st ood f r FHFEERi ng the follow ng description of illustrative

enbodi ments with raf R m‘ﬁ&%f 5@59 AP Sapaldis Blubiape! oW Figure

| A generally showsqiéé\l?gugﬁ?%on uct |e\6}% ayg)r@ag? el tﬁgarpar uthenrum : or

r ut heni ubn oxi dsingorwegh brwex ckehrede formed asontuy tp the prsditimyention ivea . present

I nvention. Fi %?re 1B.is a 9etai |l ed diagram of a portion of a surface of the
t

rough conductioras] &fl«apatitoEagplication- o gh 10 March 2004 Figures 2A. 2D

illustrate a multi mHigurés 445 48 RanplofuthQiidth Myets foPHHRtal:@¥BE €l ectrode
according to the present invention for use i'n_a capacitor structure.

Fi gure 3 is arfomplarisn efirough andmgnarongh rdbeniim gyt capacitor structure 5
<

2" SPorage ool | capienEns i erbytE RyBBRh ol el BF ARURRRE gl eni i

a storage cell capa€i )
| ayers fior i | |destipagiidnef ickerough aibronglo futhdnivg egitlediyérsion rough rut heni um -

| ayers. Figures .6-7 are exanple ruthenium oxide |layers for illustrating
the 10 conparison of non rough and rough rutheni um oxide |ayers. Detail ed

Description of the Embodi rghfed Description of the Embodiments
The present invention shall be described generaily with reference to
Figures 1-2. Thereafter, an illustration of a capacitor structure application of

15 the present invention shall be described with reference 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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The present invention shall be described generally with 15%§Eﬁﬂﬁﬁ4t°
Figures 1-2. Thereafter, an illustration of a capacitor structure
application of 15 the present invention shall be described with reference
to Figure 3 and Exanples of form ng rough ruthenium and rough ruthenium
oxide layers are given with reference to Figures 4-7. Figure | A shows a
structure 1Gefeb&lct S MadetoHubitiald &sanblTR ik HloRik descriptist@rRalsconduct i ve
| ayer 14, i.e., a layer having a rough surface 19. The 20 present invention
descri bes neERrPeRSSE stgps may hi pigiiavely userhtodormps dpfigesiegiony cheni cal vapor

For mad of r aERERE P Sp P e o GBOARBERAR R AT fve 1 1

conducti ve nagiefilupg)ifigh aspetidaticoenitigspett. OF s exaniple agndedibexdnt i on are

particuylarly useful as | ower, el ectrode of a cgapagitor, 25 structure for a
mermrygdevi Subsitn assembbRRTegNa spctuse PO el & PWREkFERdRE A hat ¢ he
nmet hods of il qbsszpRgucti ve layers including rough rutheni um

and/ or ruthentfum oxide | ayers can be used in any application or structure
in which a rough BEorillbeundastoedthat thembafhdids afdbd presenfimvestéch ara t hi s

application,_substrate assenbly refers.to.eit 0 .sem conduct or

SCbst rat o ueRICALy pBSTHE 2% St vane dsporitn (C VD) ghamigo | ayer of
a silicon megRitéprddBssdediidoRiuctot wa¥ess, AltHouBh laAY quipRBRTint fsbidd ROt her
material, such as silicon on sapphire,. or a sem conductor substrate having

one @f nor eddpayiting layerssiceordingrte thef presentinvartiasomaybe wigdi &oe f or med t her ei 1.

When 7 10 March 20 rence i de.to.a substrate assenhly.j the .

For T oui mo. GcEie e VTGS B dEl e w18 ChRLS JBPRE Mot 10F -
to formor dedpopdepditionliactor] $U0E ak QReactivi thatberaivailibld iirfier the tf2dat ures, and
openi ngs such as vias, _contact_ openi ngs, hi gh aspect ratio openings, etc.

For exanpl e, depisnatien of )00 from Segus, dug. fpunmyyalenbhy) afagetioarcbamber a stricture
UPch o O, < U FUEFOL Al spoEa o gL e, L 1
per f odfred i n{SantnClaed, CA)para eagioni chamberdPdilhble haddrdhstrade debignbtygre  used to
Process sem g g borm Nveils o {dan Yodk, R} HSHeRRn iy réhotion Ghandber O
suitable for performing CVD may be used. .
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
‘ process of providing thin layers on semiconductor wafers, such 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.




- art that alth

10 depositing layers according to the present invention d. For
exanpl e, the CVD processes described herein may be carri@g‘){a'%ﬁzﬁﬁga
chemi cal vapor deposition reactor, such as a reaction chanber avail able
under the trade designation of 7000 from Genus, Inc. (Sunnyvale, CA), a
reaction chanber avail able under the trade designation of 5000 from

Applied Materials, quEi (Santa Cara.. or.a reaction chanber

avai | abl e under th&™t rad%é%‘ém 8trtlcarfn| 6%90%?(@?@%8 WB}‘:HLI""?I? 9 (Ssan

~ Jose, CA). Hodmwarfacasepenant oDtheGlBRES assanbly ablager o whigh hGhdtimg CVD may
be used. Chemcal, v‘ilqpor_ g(_a&lgsitip is defined as the formation of a

nonvol atil e PP, ter SHlovs rae’13s usediin qosmedionwiibgasflovs e

reactants, i. g 6”@‘2’%" | ' ' C nents. The
reacti n%egases‘. easre | ._ir%%gcég?nt @?ﬁ??@%ﬁ%ﬁcﬁfﬁéﬁn € gas is
deconposed andnd Swderar“deposititrepesviratiokitl typissllyf @fee 16 the phasitetihehedesi r ed

| ayer. Chem c%aﬁ%{’ deposition is just one process of providing thin
| ayers on semT § lbeit waf ers, such as filnms of elenental netals or

compounds, e.g. . PIFaihayiwill bb ABIrHGH fid} RO R thiondmele. Chem cal
vapor deposition processes are capabl e of providing |§h| y confor mal
| ayers even wPFseH weagondhe igonSanmgglingi mey bopafirmgd jn hecdC¥Wher  openi ngs: .

Thus, as descry f 0 ith reference to,the-figyres, D
processi ng is.E pre g#%%%&?@#ﬁ%%r%ﬁ%&‘ﬁl%ﬁm e 4Lt hin
openi nd®  suckenaerdtore and\pesssiet ot d Be@Geling K08 9BickOkill MBRRGthOTS. €.9., -
container 30 capacitors. |t will be readily apparent to one skilled in the
w&wa@mf theropgroonduptive leyersepesitod., Sueheangealingmagbe may be

enhanced by V3giisd ihgleat Sehds : ‘L&%% assi st ance, photo
assi st ance, Igéer assﬁlstggénce,o @g@%?}‘%@@e ge%aﬂ% .me.ng. 8 10 March
2004 As used her ei Onetpreferrat methdd pb Kirtninma tomph eomdustiod laved 14 k¥bpi cal |y refer
to the surfag&)‘%§ erat.ure o]fay.t BJe @ﬁftﬁ@%S%ﬂbly or_layer_on which a
material is | %@ptb‘bﬁe?’é’ﬂl FFeP3t " HEeoessis cordigtadwidibanect i on
with gas flowrathérigs-cohtainih g&s@g sonheiff llivbRd 188 rék@fiod chadber 2pRubflt O the
CVD reaction chanber; 5 an_dé/ he terrﬁ%epgsﬁii onrpre%sﬁre vﬁpﬁuﬁpi cally
refer to the Br¥S&yalsopptipeallybeprevidedtorthe reaction chamber. :
o 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,
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Further, it will be understood that as used in connecthgﬂ% g@ pr esent
I nvention, the term "annealing" may be perforned in the 8%5 er and

i ncl udes exposing a structure being fornmed to any conbi nation of 10
tenperature and pressure for a predetermned time which will enhance the
surface area of the rough conductive |ayer deposited. Such annealing may be

per f or med i Hricarkpmyl it FroppehexadiemRwi (Ch, THO0Di(Cild)Ryp beampoterhancenment . One
preferred rret"_ril f orm ng a.rou h conductive layer 14 is by depositing a
rut heni um | 3y &r eb&hﬁ}ﬁm “%%Pﬁ%%"gs i s conducted with a 15 rutheni um
contai ni ng pr eculf@e riRédigndDhianBhe frebArsar & AAkfui® Bt HAPHD&iveddd UENt  gases
may al so optionally be grow ded_to the reaction chanber. The

r ut heni um c §5eughnsept bp S. b@eaefﬂlﬂlqdﬁl@h@ndaresmsomsat room

t enperat ur e ors are | |f they are
solrripds5 ;Jhey %%‘% pre#é?ba{:@%%éséﬁé'ﬁ cr&g%%h% 35"?153 I%‘rti&gmnc O o ve%t or
have 20 nel Mmgmpnmaﬁgahebgwmmaflsdﬁmmﬁdﬁtﬁﬂtﬂeﬁg&@&ﬁiﬁégrw that they

can be use? I n .fI ash vapori zati on, bubblin m ¢crodro ormati on
t echni ques, ngRe gadggnon) paieds da pther wardsythosaumier | e t hat t hey

can be vapogasz@muemedau@%%usmgréﬁamaa Grsilh 3Bl %) AGsPRWN chem cal

vapor deposition techniq the pre or conpos Ion of t he present
i nvention carccbsortothese&smmrchambetl quid form As used herein, "liquid"
refer to a solu aI| urd at .rogm.tenperature or a
sol i (} room te%@ﬁhﬂ?ﬁé“{i'ﬁ W@rggo@ée W&P@d’lf@'ﬁ%‘ﬂ%g@ﬁe&). As used
herein, a &tamﬁbWM&d}eacdoﬁ%ﬁhﬁﬁaﬁﬂffﬁcﬁiéﬁoﬁ% of the solid;

r at her, the solution nmay have some undi ssol ved mater Pr ef erably,

however, t h@cbmiqye Foaexamplesin additiontto pfovisien bﬁbﬂbﬁ&rdmlmﬁqtbmahe can be

Car e, O ARty BB B BRSF BB S L 1P

general ly aaimqmtémpamﬁﬁubﬁbyheaﬁhgamldm taall QeReeridedRa!r SOr  maybe,
for |e_éarrpl e, 0 March 2004 tricarbonyl (1,3-cycl ohexadr éne) Ru,
( cL1P90p( c¥platilesompoumd fmongm%mengmmﬁrmcﬁnﬂmrsphg pr ecur sor .

I'f the ruth ﬁﬁc%ﬁ%ﬁ%’aﬁb&%&ﬁ&%ﬁ%oﬁﬁn@ sﬁéh%'hﬁ précﬁ.lrs%arél e eage 1 vered
be used for mtroductlon of reactant compounds into the chamber. As such, the
present invention is not limited to any particular 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
a vaned flow rate.

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, ehigh-conoeniraﬁon of ruthenium-containing precursor to the
reaction éhamb& must be provided.

30 Preferably, the deposmon rate for forming a rough ruthepium layer 14
whlle maintaining step coverage is a deposition rafe in the range of about 100
A/minute to about 500 A/minute. More preferably, the depositionrate isin a
range of about 200 A/minute to about 300 Aminute, Yet further, to maintain
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t hrough use of bubbling techniques. Generally, the ququggégggéﬁgr S
contained in a bubble reservoir through which a carrier ) as helium
or any other inert gas, i.e., a gas that is nonreactive with other gases in
the process (e.g., nitrogen, argon, neon, and xenon) is passed. In other
words, the carrier gas is bubbled through the reservoir containing the
precursor to Iy : - r b3 COA RSk skilled
in the art wl slr%)g%)gh{gg% tﬁ%’tﬂ%é‘)ﬂn%%%%%ﬁ n F@glmt‘%e% ,gas%gﬂ&gggle

i ntroduced i npeovided to dsatadionchamber, prafirablycd flow rata of stiout 200 saca to

techni ques. Fo l e, Ln addition rovision b bl er techni ques,
the int roducﬁf’@ﬁéﬂﬁgw Wﬂl%ﬁ%&". C1 25&5@“%9@%%“%2{%%@%‘f%h. are
gases at roomiﬁﬁﬁ@ﬁfeeﬁﬂé&?tﬁbu@yah&ﬁéﬁaﬁ-&nﬁ&jﬁgp{eeuﬁmﬁdaam&el i vering

the 15 volatile conpound to the reaction chanber using a carrier gas.
Further 3 sol i desepiograladanperainte afaaboutits Ggobaet 180°C igmovideditp hach sol i d

precursors may,also .be us or i pfroductd on.of react C ounds into
Phe  chanber | FuAub My BRpbE e oy BT o enl S ehithe HREURY

particul ar teehialify préciir$dies thelrnz@itioal dhdmbédie af £8:¢d intHe BAEE 6L ont adm tted
at separate inlet ports. 20 In addition to the other gases provided to the

reaction chantef scamtanbopbii} scem | uent gas, i.e., a gas that is nonreactive
with the reacting §Rasfis oWk = ed. ] g‘rl’@- I%r such as to
change the partial pr e%éur es%&a%{k@gg%ﬁ%ﬁ@f@?é%&%%%éam e, argon or
ni trogd® nay lbove)varishs otter ipatametdre of tha @D padcessamupbé eatieldl ow rate. . 25 To
achi eve the desired rQughness for the fou conduct.ive_ |l ayer 14 forned of
rutheni um a ﬁ’&féﬁgveﬁ?g@mﬁmmef%%@m&am%@ﬁ}@%p
coverage Must Dyl 4Bbi 105 MbiGrbfetbl ﬁ%ﬂﬁbésh&rl W/l S¢hE ranb@ oG N such
step coverage, a high concentrati?n of r)gt eni um CQ% ni g pre%?lsor to
the reacti on temémident hingr. Bertherobs deppsitBo températuab bfthe OVD guwessiisi on rate
for formng ar r.ut heni u ayer 1 i | nt.ai ni n L ep, coverage i s
a deposition Pﬁ%uggswmﬁ?qggﬁg@bﬁ%ﬁg%éfo %“W’M@R‘B‘%ﬂiﬁgh‘soo
Al 'm nutyg Mor g 65@&%@%&)%&9%' SROSI égﬂag ) & b atd of about 200
Almnute to abggt 300 m nute.]ﬂYetrQa'fngrt erd,%&?%o%?: nt aﬁ]ﬁ%@io March 200
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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the step coverage with a high concentration of rutheniu [ g
precursor provided to the reaction chanber, preferabl ynhﬂagﬁ[cgv%apgte of
about 100 sccmto about 500 scan of carrier gas (e.g., He, 02, or any
other gas that is non reactive wth the precursor) through a

rut heni um cont ai ni ng precursor held in a bubbler 5 reservoir at a

t enper at ur e ddposibtion fenjfitattesaSoch CYID@Rrametpromayibelivariedttb ettainanber . Mor e

pref erabl vy, he | oy rate,of ,carrier gas h the ruthenium containing
precursor to ?H@%@@@Bﬁ“%%é?ﬂ%ﬁéa&a %“}’ﬁ‘igﬂg W-the range of about 150
scan to about 250ThERughiuss bhe subflcePoHY RWEh hilkersian T4yRF 1 Hhsligiindeposi ti on

rate as described 10 above, various other "parameters of the CVD process
may be vari e@mﬂﬁéﬁwﬁbt@ﬁmetwpmqmmbﬁﬁmr&ﬁdﬁnomommeprocess isin

t he ragge of tars fer abI t he pressure
isin the range %1& 4B er%%&esgzﬂb’ﬁ @eg‘g‘gbg)tﬂerﬂaqngrlr\%{ &8 3088 e osi t i on
t enper at ur e nfthdnhen Byer hmmmsmsﬁo@tﬁﬁhusq@x@sbmoaémm 100C to
about 400C. re referabléaI the i5 deposition tenperature is in the range

of about 1 5WeEY Pﬁ@@ﬁ%@@@%ﬁ@\mlﬂ%@%@%erfor ned
Wi t hout any "&?ﬁﬂ% gﬁﬁg r yRPiﬁ ient, gas S
provided into the reaction nggf#&%?ﬁﬁtoo%b (ﬁg‘%ou g‘l(? e t o about
500 sccm Prmr@bmfaceuhHngaybegaeme@uﬁngffomxamﬂ@mmmmrgon 20 The
flow rate of .t he,r.ut heni ai ni,n recur |ntothe reaction chamber
can b 6 ncreg%rgﬁh{ﬁﬁmmm% vgunqilggigi Qher bubbl er -
terrperature Sénitg F18@kbn Midtodch &i&l&é@é&&i@?ﬁﬁs@ﬁﬁ%

provi ded to the reaction chanbe?yﬁgﬂza% the use o all-:fowever _
preferably t gﬁtM@memﬁb@dbmgﬂumgrqugeoﬁﬂmaadms(rh@sﬁhMumEIMeenper ature.
25 Furt her, Olal & al so be ysed. to increase
the concent ?ﬁftﬁ qé%‘?&%ﬁé Wtdr’?%? gﬁﬁﬁ:@ LjSH‘%I"’f‘?e reaction
chanber, e. @uMﬁ%b%wﬁosblsnmeahﬁMhe pressure in chanber hol ding
t he rg heni um cont ai ni, nqyprecursor to be | ower which increases the anount

of prédursor in ﬁg@tm@@gtm@@m@fqhq@cpﬁr@mﬁm nventi on,
b essur oo i ThER RS o SoER i boslaifer o B HaBleRloobeobl RIS e o1 ¢ he
rut heni um | agress-Sottiors gaiesiveof tht: grainy efthe dayer 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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11 10 March 2004 deposition tenperatures. Such CVD para 'ﬁ h%% be varied
to attain a desired roughness within the ranges as desc % The
roughness of the surface of a rough rutheniumlayer 14 useful in

accordance with the present invention nay be characterized in one or nore 5
di fferent manners as descri bed bel ow One manner of characterizing a rough
rut heni um | ay r oughness of
t he rough rut E’gmeaaﬁﬁ@r %P%E'?H ab &ﬁ&&ﬁrﬁ%kbﬁ)ﬂ?ﬁ%mﬁ ayerc%as an RMS
surface roughm&fammplewigemobthabrfawlﬁr@mgasnbdbmullyﬁd@amﬂmﬁeﬁregot mean

square) surface ro et.er ned for le, Atomc 10
Force M croscgﬁkﬁ%ﬁgﬁxﬁg@%ﬁm&‘% ﬁﬁmﬁ/l fﬁc ? CHBcanni ng
El ectron M cr Q3R Yhel AFMf Rplndrsuliasste 8 y%éa%flﬁﬂhtﬂ%%ﬂ:g&ftel

R-range, wherein the R -range is a range of the radius (r) (as own in

Figure A91B) ofsmﬁ'oﬁkﬂilﬂ@@hz@ffa%@emﬂ%’ﬂlﬁlﬂat p Aurgice Rhape(magobe ofizan squar e)

surface roug art,. 15 Alternatively,
or in additio 0 0 ér rranne d%%gﬂar ac%h Ml nggﬁﬁgu(:br%gdﬁﬁ | ayer, the

rough rut heni wontaingecapaitorper alyditig skipez dord piefelably, tHe@oughneSof RCT | on
grain size of tg&aqq%gr ns of the | ayer bei ng eposrted Preferably, the

nom nal cross- *E?az@a‘i@gﬂ? times theoiwriaes ated anet er
through the cepbehmpleididsmdbd t‘fje*ﬂ% rough
rut heni um 20 | ayermPs‘,3 p$e er%b range 0 rIEout 1%%;’% to about $00

A. Mor el0 pref er abl )Foremldo,asshmunﬁlgmdm,ﬁhémdghsmfme 119rufough the cent er’

isin the ran out, 200 A to t 5 ernati vel
addition to ot°ﬂ’é‘? hﬁ‘h et %ﬁg f PTre %E%ﬁe fﬁlea rough

rut heni um sur fra3gh siPfcdB) 61k B6ARICHTFE ByBrdn®e cBnpared R HRu& t he
surface area of the rough rutheniumsurface relative to the surface area

of a conpl et elGXY3 b comploteiv smogth sarfacedaxing aeldﬂlamshapenbegﬁilape structure,

e.g., valleys, &ig I shape as the
rough surfaceldéezﬁgh,%p%e ape o?&@egﬁ%?‘r‘%u@]u@ #élgnp % rough layer
is depifsi t ed suffhefacadlirpugtosurfiog 19 sfitheaoadctive layeri 4 mcgieaierﬂﬁﬁ ion of a

conductive 30 ayerg: Hpereln preferably the rough surface is a generally
honbgenous su

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_fusign 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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(i.e., a surface structure wthout any substanti al |rreqﬁigri$g§8 from one
part of the surface to another part of the surface such %xanple
deep depressions, |large spikes, unusually large grains conpared to the
other grains 12 10 March 2004 of the layer, etc.), has a surface area
greater than about 1.2 tinmes the surface area of a conpletely snooth

surface haviyig, e taﬁﬂéaﬁﬁ ockEe PrdfeRblyS Iﬂ%{crn@ annSi@sdant i al Iy

i dentical shapes ha\?rﬁng t eg?yrre base di rénsi ona clﬁgrnalcterr stics, e.g.,
in the case pofssureioif about Osmilitoer torabouicTatprospheres. e%tefwt‘abimthﬁmmalcorrpl etely 5
snoot h and rou surf ce are e LLval en ac be of a

pl anar shapéS a?ﬁﬁf}‘ge"ﬁ %@%ﬂ%%ﬁ%swé% as in a
cont ai ner CM@i%lﬁr rabBy, tie Bhnl rﬁﬁ@@ﬁ&@f@sﬁé@fﬁf@bh!&nt&%@@Uthess of
the surface has a_surface area hat is greater than about 1.5 tines the

surfac® ar ea8006¢rraFuﬁh¢n r@@#ﬂe&f@mmgnaﬂ@m&ﬁtrar ly

I denti cal sh For, e ur rough surface
19 of condtf%BW %’%P "ﬁgﬁg N@ %VFMTL}YJB‘P‘EH%P aﬁ‘ﬁ&’ﬁ‘é&’q%et?urface area
of the rOu%ﬁ%ﬁﬁ&ﬁ@rﬁgebh%&ﬂﬂd@'@@&dﬁbéﬁmo°¢4Tﬁ@'%nﬁ>&1fs0”pafed to a
surface area. (XY) of a conpletely snooth surface having a planar shape,

i .e., a shappeefeiabbyipirfamed ortdtime perput @ﬁbenheelr?cﬂ@homlsrtbéﬂmmaes Ther ef or e,

preferably, the urface a ur.f.ac f the copductive | ayer
14 is greater théﬁ“&§ﬁ$€ eﬁf OgeyﬁﬁﬁémﬁiﬁﬁFﬁﬁﬁ | g %ugh
surfage 19. dagehvit@findi®OPRIEaBY, the ofs envirhichbis aﬁraﬁh@.ﬁhbﬁ%fﬁk%&ﬁ he |ayer-’
14. As such, peaks and valleys are formed,  ~e-g-, peaks 23 and valleys 25.

One ski | | ed 9ZAne,REEes Dityizen, diec@ny pther pambinativr thessof; ishan &% grai ns wi t h

the val | bys Bt bR co"é@%@é@’%m%ﬁﬁér& s 6% e

t echni ques tlﬂmmmmnmm uﬁnmemfxssm:@mﬁﬂomglmire surface

G 1 usi on baltreharse R B SDElYiEG P e A SR Ur Ob R e

docs mot~ ndiaBRLFiORas Al ?ﬁﬁgﬂﬁﬁﬁﬁ‘ﬁ?ﬁ?@yer Rt %%*“*'352? “The surf ace

19, such valtemperatue dugngitheainhsal swhile stib hehivvingimoreated Srain szs efingur f ace

area, such as. fﬁr | ner easedmaybeusedto 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 |




capacitance in a capacitor structure. The grain size for Okﬁfqﬁe%@ﬁ S
typically |ess than about 800 A in nom nal dianeter. 36 ¢ efgnosi tion
of the rough ruthenium|ayer 14, an optional anneal of the structure may
be used to further enhance and/or increase the surface area at rough
surface. 19 of the rough rutheniumlayer 14. For exanple, the cross section

grain size of th pasi t ed, rut heni um. ma row.by abaut 0 percent 13 10
Var ch 2004 i CPOEEaSTI R PberIbR R et e e B FBEAR L o 1 o
anneal ed at achfhBsalbng With APexgeR-cantiintig fr&fuisdr Gedlz@elivire@iomspheres.
Preferably, the anneal ~ is performed at a pressure in the ragge of about

0.1 millitorr reastion chambkesHanrder, dilyentgases srayralis aptionplly baprowided 0 ther f or ned

at a pressure_of .. t t 800, t or = r e anneal is
performed at 59?3%%%3%9%%%@?@%%%@%3% aooﬁp%‘l‘;@‘{}gmé%%u 900C. More
preferabsy, theow)dsol COs Q0s/drangotheniuitsble cxypen-adnttiingprédugsor.ange of about
500 C to about 700_C. The &waj | S preferalbly performed for _a tinme period
of between 30 secor@achisve eispougimgsy §og the ropgh gondugiivedayerdd per f or nmed

while the Str%ﬂﬁ@ﬁﬁﬁﬂﬁ&d&,%r@%ﬁ%@%ﬁd@%&ﬁmmﬁﬁﬁ&g y, the

gas environnent IS an atnospheré o zone, argon, nitrogén, etc.,
or any ot her cpsoreahgomustieraaihtaired atthe dighfdepositivagié.cTo majrdein and

ni trogen or oxygen and argon,. JThe anpeal be. a |,.asma _enhanced anneal
wher ein t he gabliinpSosEted 1 wieh FopakatPn of Hibghiyi-o R MEREE bt ed by
appl yi nggan ela88 bkprenadtditing pRlctrsathas be pRividSto ths Rafforfclihmbsy. as M

process allows the structure to be kept at a sonewhat |ower tenperature
during the anneal heficeably;, the depesition tafyior furming @ toughgiiheniimeoxidtny  sui t abl e

power source t. erate th | a in the.r | gne chanber.
Sui t abl e pom%yg}é@? %%&e@v%ﬁ%? ?fc?e&ﬁsﬁﬁfl(ﬂ%%énr%?%'fgggf m cr owave
(e.g., 2.5 gi gbbeyi0o Ahdiieeysbomo1200eA/ngRRer Moé preférably, e deposition20
cyclotron resonance (ECR) ﬁsag;;?rce. @ preferred gov\gp source is an RF _
geg_er at O;I ;)perfﬁtﬁ‘%’é”’a@“faeg U Y A/miinge ka-gboy GPR ;F’F‘E"F@F%@Fﬁefsttﬁe gas i s
subj ec 0 thantdPW @&?%e : mgﬁlcgﬁaﬁlﬂ% radi o
frequengy el ectronagng?tlcéqul e %mgg%g&%ﬁg%sgopﬁlmr ensity 5

ki | owat t s/ cn? peecukses pravidads thdweaging chambérs prefarilsly abflew rata bf sbopt asma
enhancenent

~. 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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be used so that the; intersection between the ruthenium | 1| | ayer
and the wunderlying |layer, e.g., silicon, is mnimzed. 1&0%\/\%\%??8% asna
enhancenent is an optional annealing technique. The anneal nay be
performed as a furnace anneal or a rapid thermal processing (RTP) anneal
may be used. Further, such anneals nay be 30 performed in one or nore
anneal i N9 Staggapiyt efhebhﬁﬁaﬂfzﬁatpeﬁmre%ntﬁéf%éarﬁsﬁtm@ﬂ@%&ab&@d ot her
parameters set forth above. Another preferred nmethod of formng a rough
conductive [289%C. 14 is by depositing a rough rutheni um oxide | ayer by CVD.
The CVD process is 10 rch 04 conducted with a rutheni um contai ning
precursor being &’é’?‘%@?ﬁ&hq Breceet ST R 0%3@%@?% an

OXygen- cont ahRkdemeh GHirRF, phatbly Apbineat 85k &sPrédifed i roghaber.
Further, diluent gases may ’XF%O og’?ifonal I g&be%ﬁr ov?dd‘ggﬁfﬁ% t e&br eaction
chanbeb. Pr chembérd at a rateerf akoujd 0 sam toi abont 1 ¢(eseons dhrefembly yigen, 5 ozone,

N20, CO or. any ot her .suitabl e oxygen-containing precursor. To
achi eve tﬁ%‘é‘ﬁ?@ﬁﬁ%‘fﬁﬂ’é@l@ﬂ?ﬁ{gﬁ% rough conductive |ayer 14 formed of
rutheni um oxi de, Acdofdind to/@k Yrddbrfl intHOS Ithe Afughaés of thetfdnivipvever, step

coverage nust be maintarned at the high deposition rate. To maintain such
st ep cover ag&idedayardH is greaten ot inereaned depositionepresswresovithin thawgnge ecur sor 10

and oxygen-c Iﬁ! @i r ' o L r eagt.i on chanber.
Pr ef er abl y,_‘%ﬁe ep03|‘gi@%@%ﬁe%@?&%(gﬁgﬁﬂgéﬁaoy!ﬂ%gﬁﬁﬁoxi de layer
14 whi®e naigwadrit igréised depeition Ganpeatares S Bach OVID pirainetekdmhyBe I ange of
about 100 A/ mnyte tqQ about 1200 A/m nute. Mre preferably, the deposition
rate is in 2Fghipatian adsviredsoughngss within dhe gogesasdesubed hfefiut e, Vet

further, to 15 %ﬁh%gﬁe@?oﬁ&@&gggﬁg%ﬁm%ﬁﬁ%ﬁ B @0 905 B e{:éon of

r ut heni um cont ai ni ng ecursor to t eaction c
pref erabl y, witl thepresshtinvéntmnowty belkddrasteeimed in edzomtmd&Odifferesh of carrier gas

(e.g., He, 02, or .any.other s that iis non reactive with the precursor)
through a rmﬁmﬁ?mﬁg"ﬁf’%ﬂ%@fe‘ﬁ% gsmgﬁégbqyﬁgh{h@,sam%ser voir at a
t enpey st Ure@ﬁgﬁ%ﬂﬂm%&ﬁe}&f@tﬂéﬂﬁa}%&é&sg&ﬁﬂﬁ%m&&etﬂe er. Mre

preferably, the flowrate o he carrier gas is at a rate in the range of

about 200 stlayerwaes appdigeblgegwsll énthe putheniom oxidelayensbl y, a flow rate of
about 100 seem t o, ghopt 2000 FREMQ AR S5 $8L 74, M ptional
- 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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precursor is provided to the chanber. Mre preferably, t M%I'c%‘%d'oﬁte of the
oxygen-contai ning precursor to the reaction chanber is at"a rate 1 n the
range of 25 about 500 stemto about 1000 stem Further, to achieve the
desired hi gher deposition rate for ruthenium oxide as described above,
vari ous other paraneters of the CVD process may be varied. Preferably, the

deposition pressure.qf t CVvD,pracess s in the ran f .about. .4 torn to
about 100 torn. NbrAe‘&;?PEQE‘PJBP@PI“&ﬁ&“’ﬁ@% ?rsth?FP“%ﬁ@nﬁ%‘?"rb@Weof about 1
ton to about 14el @éderibbdiabdve maytteisEERR DI bpﬂa&@ﬁmﬁ&%hyé@ueéﬁ&nﬁe CvD
process is preferably in a range of about 100C to about 400C. Nbre 15 1 0

March 2004 pr éarinlsrepnetiondpplicafions gapasipeapnlisationssetcpthelpresesinge of about

100 C to about . Pr .t h r ss i s performed wthout any
pl asma enhan&ﬁéﬁ?&ﬁ%ﬁ%gﬁ%%&r{rﬁﬁgg%%gmgﬁﬁl%ﬁﬁp?fgga SOPﬁP%?’ded into
the reaction As debaibtdhepdinaniallttislodspadiantio dPéhisdane Gath@sizesldi00 sccm
Preferably, the dilyent gas is.aone of nitrogen or argon. According to the

present i nventifal dimensionsheinveaboyt Laneron (eige suehes ter gywidth of'j s

greater at in ?éﬁﬂ ! b 1.1, §) . cri bed
above. Furt he??% he F%ﬁ%ﬁ%%f%@%%@%@n@%ﬁné%ﬁ%s 10 greater
at increased dbpuasl.tSurh asperpeatias arceppliGbidtoQdbtaothelas viasstremied)and vari ed to
attain a desired poughness-wthi.n the ranges as descri bed herein. - The
roughness of ?ﬂ%ﬁ&ﬁé‘?ﬁf&?f%ﬂ?ﬂ%&ﬁ@éﬁ% L frgpe ?P%%E@Fance with the
pr esentid nventh@ihtioRlbrREpditar Atk Fr eRarf (Eavidef nners -’
just like the rough rut_ﬁ%ni um | ayer as d%?ﬁbggcﬁo%ﬁg%?pggl%o 5 ranges
for the sane rduisfeieand adenthef bmicronchassataspent rdticadfdve for the rutheni um

| ayer are applicablg,_ a Iy E0 the rutheni um oxi dg | ayers. After

deposi tion of the rPg gt%s#\%tjf?e 't %?Wihq‘g%ﬁ‘ga;ﬂwﬁ%ﬁ OLhneal of

the struct ure cobiinee stisetaretadcdrding b4 nfiisle seepandhed of REpRAGR the surface

area at rough_surf_aceH,éQFof t he rou&h rut henium | ayer 14. Substantially 20
e

the same par ad®t8henalae loygelectedats of gpesitastydurecty, enshommindigum | ayer
are apg | cabhgy asrofRkl ubifls b 26uPRdoRBuve 1R AR ER) Wne hdlend aver

invention, e.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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When a rough rut henium or ruthenium oxide |layer is for S | ower
el ectrode of a capacitor structure, the thickness of t@r@ﬁrﬁh%%heni um

| ower el ectrode 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 wll
recogni ze that the rough ruthenium oxide and/or rutheniumlayers described
above may bewtrdsfor exzmsisle,las 0ppdsed & fgining Byt soafrodgisiuthepiuings For exanpl e,
an el ectrode_may,. be a ”éﬂti_ ayer .electrode _fornmed of other netals with an

upper | ayer Pangdavewhi nythgoianitg denosiyed withous a ¥eft heni um oxi de
| ayer. Furt iodl AXRER! gﬁﬂf%ﬁea%@f AT E ough rut heni um

| ayer or roug 1rtLot eni u;nm’(;[% e yer may %‘?gggarrlg%a%%{?er as descri bed
bel ow wi t h rehtnecsestdpoeBi, grithea changbinfiffoddss phra@fdds. Al t hough t he rough

rut henium | ayer d/ or, the rou r yt heni i de. .| r scri bed above may
be used for one (aﬁg!ﬁr%*M%ﬁgﬁﬁﬁ%ﬁgﬁ&%.ﬂ&iﬁﬁﬁkgnnecti_on

appl i cat i Onssub&@fa pbidh 32RRH AGEINANBbstBAE portibR 840 5E6%Ate pdr¥EBE §ON | S

useful when formng layers in snall- high aspect ratio openings. 5 As

descri bed hefoghed op gebistraisipgrtionsiPeand ineluiles apeneningSohisfioed teram by si zes or
critical di Lon L, Qw { 1.cron . such as.a di ter or wdth
of an openﬁ°g%&f%5%§ég£fﬁ%§§“b§§8ﬁmﬁ?ﬂ#8‘%?‘1%9{&“‘585 twaggi%dg greater
than.  aboutsetondSsibetr@s pefion32! The saéchddRBliorIPbBsubsirRO Msambly™®) es, Vi as,
trencrﬂ@s, and any other configured openings, such as .container or trench

openi Hs f oringlydesh Frgiandn vrchaloster elsetrade ofqappaiior stentueddipl e, a trench -
P 16,21 OFGRR o 180 B4 e LS AP0, 27!,
for a cont amiesulativelayerrsackhacar ahidelayer, o.gysilicon divxidec BPSE, S, of t he
Chown i n i i cAB§u0 presis 36, dBed & goiets BHSROBHMGLRARA FUREE. accor di ng
Fgure, b Thes Joul Y8 pORoreifl wallh 0, 1dpdch Siftats Shon BRI bt 2000 1
st eps 13 Howeviewer pleeiroderfana stovage seld papacityr s domesdisch aa didki usedmal | ayers are
e ot oug aSHRRY Jhit iRn bt RF BapaRfiSy i ARE deSrbRd Firhek hEEINHE ' 26" N2
 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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20 rut heni um oxi de layer or a rough rutheniumlayer is farned . Likew se,
preferably, the two steps may be used to form a rutheni J@\@F%gb@gyer t hat
is not rough over which a rough rutheniumlayer or a rough rutheni um oxi de
| ayer is fornmed. For sinplicity purposes, the nultiple step nethod
according to the present invention shall be described with reference to

Fi gures 2A-21 S.wth formati.on aof a contal ner ca L tor structure
wherein, -1 sFebgiyier BB el vefheredpaoRtin AERRRAAR ehkbs 110
thereafter a rlowaiate dftabeitilomstay &F abdin S0PsIRTbAGENT @4 0HE B, BF eVi ous

description herein. The other possible conbinations of |ayers and
formation the@BBPthar £3s thal is nongrepchivewith themprecueser) theoygh g guthgaiusy- np| i sti ¢

descri ption usihg; rs ' L fheratdke rbhReni um
layer. It wl I%bge r%ﬁ%‘#@’gﬁtﬁ%’gyﬁ%ﬁwﬁ?‘?‘gﬁé@u eni umog%ﬁ@ilﬁi(?lg | ayers
may be descr itk ebbuh $00£C; adgpasitiamymressyreidehl tanggofdboutdZerr teabout r ough

rut henium for %&Fovgr nqQn-rough rutheni um as op§o§ed to mul tiple layers.
In other 17 109Ngrhdepgaiionismperatyreindrangsof abewd 180 o taaboub 405K ng | ayer s,
non rough rut ' | rémlﬂﬁ r | ALY ' I8 deposi t ed

wi t hout a par ?ﬁgh:dg}l&ﬁg?gee *ransi @%r&%hgg%&dey esewrllétlﬂ%?éééodlr aded | ayer
may be formed chambersi agite of abaid DA senstombouies09.sccmi th a change in process

parameters. 5 Figure 2A.sh a substrate assenbl y .30 i ch ingcludes a
T et subsirate porPEAMEobY g EdEh e Bae SR ORI Otahe doposiigBstrate
portiomg4 IS pr | ﬁdﬁ@é&b&ﬁg%&?ﬁ%&&d Qﬁﬁeﬁﬁm%ee?' ng 36 -

defined therein by a bottom surtface 42 of "first substrate porti'on 32 and

one or nore siddds denositedaayepthe rutheniven aydrstorastsbown in FignreZ2C. Fore second
portion 34 of rate assenh| 10, ncludes a region to i a | owner
el ectrode of c%%'g |t%§@$‘ﬂ#ﬁ?’yrggwh@?8%@%§_ féfﬁ?ﬁ'@@f%’.“%gﬂe second
portion 34 of A teabsidB00A)taad Besrotih vutBéhinf layep 50 fifayhatd ¥ thiblakeyinsuch as an

oxi de layer, e, g., silicon dipxide,. BPSG_PSG _ etc. As such, opening 36,
defined in SU@QWB%OWMQXW%@Q60%@@?‘?@@'@0&%@6&5@50% or nore

i de wald s 40.golfid AR5 HESSPRRHAICE Vil Pctind Nl ! ect T ode Tor

a storage cell capacitor use rn a nenory cell. Such
a contai ner capaci tWhern the abmbindtieic of lagets bfirduigh loviarelictrods 8B 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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reference to Figure 3. The capacitor structure 37 is foqﬁqﬂl%¢55b@.rough
| oner electrode 33 as illustrated in Figures 2A-2D by firs ormng an
optional barrier layer 38 in the 20 defined opening 36 and on surfaces
such as upper surface 39.. For exanple, such a barrier |ayer my have a
t hi ckness of about 50 A to about 300 AL One exanple of a barrier |ayer

i ncl udes t hemhpbd@iy suitable ndatéridl ARVing s Biitdblé@ielcatR conftant. Meferablyl Ckness of
about 100 A to _about 200 A Preferably, according to the resent

i nvention, th@ighledielectrig gapstayis 3 bigh didlesitic eopstent matediphsugh s Besosi t ed 25

usi ng CVD pr : : : t e wthin
the defi nedﬁgggﬂ?ﬁs%gg%%ﬁ%?%ﬁ%%%@§%%§¥ &%ﬁ%tgr ucture,
such. as cosuitable diledtrie casidnd nurial for dvating dislectric lagersatmayg al bei ng
deposited. After, forpation of _the bather, | ayer 38, rut.heni um,layer 46 is.
deposi %ed asmgﬁ@wbﬁwé%ﬁr@tmt#ﬁ% WHW@EFHXP%QE BaSreligd by cvD
30 processin {eRNGitHo C [ : 48 not rough.
For exanpl e, %Sl;lg%g%%?é’l ti o?ss’lil\[/iﬁl"li??" ?ﬁ%’l}g)ed 3;[5)2?%32?’%%%?’29?3@%% that is
different t@xiaTie®;{Bh¥].LKNOs and &iNbO..f orm a rough rut heni um | ayer as

previously described herei.n. Preferabl accor di to th resent
invention, a non-#%ﬁb%%r OmPeﬁ{h?g'b%éﬁtﬁ?fﬂFﬁ Isﬁ%d%‘)%eg{'or ned
usi ng condi t isqognddiclatie tihe Adlric MARAEE 52 FdrleRnpR! theQbcgdout 100 seemto

about 500 sccm of carrier gas (e.g., He, 02, or any other gas that is non
react e Wtﬂwweéf‘é@w@ﬁ%)m?&pﬁm egial sachan fungsten oifride.rtitagupr ecur sor held

I n a bubbl er e | . t [ of Q 5.1t09 about 100C, a
deposi tion p?@%ﬂ%@%m?] F&tél%?’a@g%ﬁion?&g%sﬁnq aiﬁy ?‘L';{r’hre %ﬁ%g GBS torr; a
deposi tion t elsgitvde materidlincludiag aghefima hadlor hobéaing oxidatSudRAC, and a

di luent gas (e, g.. ,nitrogen and/ or argon) provided. into the reaction
chanber at aaw%%g@cc!?yeaégapgi‘tmgmw%éﬂa@dbelséfeh@dtpn”e%shq er, by

changi ng onl Y208 cHacltBf nficfdsy] ons of the deposition 10 process (with no
addi tional precursors being required) a rough rutheniumlayer 50 is

deposilfed over t hA motetspedifimillwirationdsl wingsthe abovieadeBeripodepradssekdy  exanpl e,
t he ruthenium | 6. may have a_ thickness in the ran of about 50 Ato
about 300 A, @ﬁﬁﬁyﬁ%é%wﬁﬁ%f%ﬁ%ﬁﬂ%i@%%? \?Bg‘ﬁwpﬂ? ss in

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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the range of about 100 A to about 500 A. The rough rut helg,ngpchgw‘{ 50 is 15
formed according to the present invention as previously described herein.
When the conbination of |ayers of rough | ower el ectrode 33 includes a

rut heni um oxi de | ayer that is not rough, the non rough rutheni um oxi de

| ayer is generally deposited within the follow ng condition ranges: a flow

rate of about e S fec 4 er f£. , 02, or
any ot her gas %a#gl?@sg’ggﬁz%%%?%%%?%%’ \%ﬁﬂ?ﬁt r%ﬁ%éi’éo%&f%ﬁ)}?ﬁ%ﬁghug a

r ut heni um contDiekeitig Gurstant Materia| Having Two ndepbedent Bsektioé Layets and ,
tenperature of t 15C to .abgut 100C, flow_.rate of about 100 seemto
about 2000 semaggwo&wgﬂﬁﬁaﬁﬁﬁﬁgm%oﬁ,gi edﬁ%ﬁm"@j‘ﬁepressure
in the range qigo3RQides fbid OFille t2i : Lhaiofs. i HEBRSA |d nperature
in a range of about 1e(§OC t%ha%%%&ggg%?ﬂ‘g%ﬁrdﬁ)uéﬁg’ggﬁgiéég Eetog

ni t rogend and/ dbe subgaty 1687 net coversddfy fiekbortidd. 08 wardiined 24 aod & fitldd@fecs eem
After the optional anneal for the rouygh ruthepi.um L r 90, .the resultant
structure is Mﬁ@m ]I’izlfzgaﬁ? torgére"ﬂ%bvqtgif,l&ﬁelagpq%yﬁﬁi %&1’@5@ | ower

el ectrode 33 saliReldRan rdfiGAANISZ B3 40 cichRd 4P Filicos Wilshar 199, ¢fa Second portion
34 of substrate _30 assenblaé 30 such that the opening 36 is lined with the

rough conduct ip@lativecoptpamablayerpf exida material 340 iopmed averiregions FFET:

dielectric la ' . O | . | Vie L. e .rough.conduct jve .

el ectrode 33. ﬁ%graggﬁoir%@geﬁiekﬁgﬁsggﬁﬁygl 126%&‘3‘@“%8?)&%‘%‘% %gqf’aﬁray be any
sui t abl @0 mat erdoadmindsitiog batveish salbstatedi(F sadlarsidragoodt @phcitortebher ably, a -
sui tabl e di el ect r‘iﬁg constant js a high dielectri¢ constant material such as

those materi dPEneltheregver. asions barrier layes preformged gyerdepolysilisenalegit 25, For
exanple, a sy i Chnkd la erl f \ Lglectric

| ayer 52 may L5i 6}5?10 c&(ﬁ’,ﬁtﬁﬁ%&éﬁgﬁ* y ng[ﬁ Fi ﬁot? %ﬁ{fgﬁc}?’ s@%ﬂ_aggmu?nﬁa?ent oxi de
(Ta206), BaxSrbeltita)iTinG8tride B38igsteBatEideGor @yt métbiMithle vi¢iactsTagd48 [ PZT],

Pb, La) (Zr, Ti ),B.[ PLZT Pb, La).Ti O3. [PLT an i Nb(3. . Fu er,
gf ter %f)r mat i 29?“6 - #&J‘%ﬁ%ﬁ(’ %qt#?[)dnﬁ“%’é&?@?l 1%@#@%‘?PM&L§Q s
formed &l atiigdéfnddiBedine! ectric material 52. For exanple, the second 10

el ectrode 54 may be fornmed of a material such as tungsten nitride, titanium
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.

Example 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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nitride, tantalumnitride, platinumnetals and alloys t any
suitable electrode material including ruthen|unland/orhﬁf@%%HF@g$OX|de
Such a dielectric layer 52 and top electrode naterial 54 are then etched
to formthe desired capacitor structure 37. 15 A nore specific
illustration of using the above-described processes is described bel ow
with reference to. Fa@épsiBonhesRidus of 2@ghCcconducti ve |ower el ectrode 187
is formed according to one of the processes described herein for a high
di el ectric capacitor of a storage cell. There are other sem conductor
processes and structures for V&FiOUé S§¥ %fs, e.g., CMOS devices, nenory
20. devices, etc., that woul d benef the present invention and in no

manner is the prAsentrougly fithdndin liyet &edhobd ialFegit ISusds fobhyEoatABOdi ment s
descri hed herein, an electrode structure. As shown in Figure 3, a

devi ce st r uc%lﬁﬁ@dﬁ?(ﬁcg of 1 ailiopn watsain Hsingle el reaction dhambenyedst thenal
processing tﬁ)(ﬂla {augh the formation of an opening 25 . 184. Such
processing is per orne prl or to depositing a bottom el ectrode structure
187 on the surfaces ac&iwmtagfﬁhtmt@%mcngoﬂl&hunscﬂgetgmmmhgbds in

accordance with the presen h an .th t hods
described previ ouslt'sc"}’fé? ,ﬁi ?fﬂnlﬁb %B’c?g\’hﬁq"ect rode
structure 187 on t hgsesilif AG88ma he mﬁ Rgy.184, for sinplicity,
this particular illustration 30 g‘lﬁg&f} l[algae&orﬁl escr?

si ngl é0r ough rut henlatdq)baylenpresmwaﬂhsmm;rm&kl lled in the art wll
recogni ze that any of_the ssingle or l.tiple step electrode formation
processes descri bed W@Fﬂoﬂﬁn 258°Form the bottom el ect r ode.
structure 187. As such, and as further described in U S. 20 10 March 2004
Patent No. 5,392,189 to Fazan et al., entitled "Capacitor Conpatible with
H gh D electric Constant Materi al sExawmpled® Two | ndependent |nsul ative

Layers and the t haod for ued, Febr 2 1995, the
deV| ce structur eNR‘"‘ Bﬁﬁgﬂw&h&?ﬂ%ﬁ’ﬂ@q@@?éhgwﬂ uﬁj’&ﬁﬂiéﬁ’ﬁ? ve regions,
€., 15hose fRficdBh af IS clelf SRV WIS ihQ il waliGERBcR ¥hihkd oxide. A

vvord line 121 and a field effect transistor (FET) 122 are forned rel ative
to the fiel duederdhe folewiggandifioss: sour ce/drain regi ons 125,130 are created

in silicon substrat % ﬁ&zraté'afabout 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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i nsul ative conformal |ayer of oxide material 140 is for gi ons of
FET 122 and word line 121. A polysilicon plug 165 is fg§§§§¥$go%fovide

el ectrical 10 conmuni cati on between substrate 107 and a storage cel
capacitor to be formed thereover. Various barrier layers are forned over
the polysilicon plug 165, such as, for exanple, layers 167 and 175. For
exanpl e, such |ayers : i j i.thigle, tungsten nitride, or any
other netal nitride fﬂ?&ﬁmgg%@kgﬁﬂgﬁﬁggb%?%?- Thereafter, another

i nsul ative |ayer 183 ddepbsitioettnpegtirbef 2pEMC.Ng 184 15 is defined therein
Accordi ng to one enbodi nent of the present invention, a rough ruthenium
| ayer is forned according to the present invention on the structure

i ncl udi ng bottom sykif L8R : @§$ﬁ§d¥& : fining
openi ng 184. The r%@&ﬁened rd?ﬁgﬁgﬁﬁ? a?%?hfggt en p g§g¥#§% oreitched
back 205r esul &4 ifigadhnweredncappugited sephmutdlyn hisyeventi8i hhd bendeschibecbpeni ng 184.

A dielectri L 191 f . of .erial h d ib ' is th
formed rel o i VibFetersng 1 MEtn enbR RS Do e R tastor i ot t or o
second el ect r peigid@Psdnse. AUERAbEIBHbYSRy dhelshRicd iR HRGH Tl E@gaidecal 191. |n

each of the followi ng Exanples, no anneal was perfornmed on the 25 filns
formed. Exanpthet Yarmusothey iflustrativsapplicatione may g% was for med

the
HF I d _sil, f i . Si R I j . d
The Tol | ot nocoianie iRt e Bytibe ol PaiRARGRSLL AR IRRRAR | U
carri erifpgas t bmbogifhents, by wel bdaidtionallersbaditienis oF g iaventich, willdbeur sor held in

a bubbler reservoir at roomtenperature (i e.,about 25 C). a_deposition

pressure of 32RPAAGHK o perrepsskilied ke art upopclireaen trsthis dsporintiRpeltdt ure of 225
C_Bxaml e 2 feRfiic Qhiingialbd B t8byBhaba BRimid il edver kit S was formed on

nnﬂﬂkwmnmormmhﬁhmmmimnHEYﬁﬂLWEMnﬂm;mmeofmﬁpm&mt

invention as defined by the accompanying claims.
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5 cl eaned BPSG of a silicon wafer in a single wafer reac@”\g ?Bﬂ% under
c?{@ liu

the 10 following conditions: - a flowrate of about 200 m
carrier gas through a tricarbonyl (1, 3-cyclohexadi ene)Ru precursor held in
a bubbler reservoir at roomtenperature (i.e.,about 25 C); - a deposition

pressure of 1.5 torn; and - a deposition tenperature of 250 C. . Exanple 3
A rut heni um WHae g diawed ig:hat is not rough as shown in Figure 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 helium
carrier gas §hrou exad Ru precursor held in
a bubbl er r%serv%mrl&h?“‘d&&l & é?'%%'tff’&ﬁ%‘ﬁl a}@gg{, %’H&‘R - a flow
rate of abouintéirfied cReninf the XegRA @afrising: deposi tion pressure of 2.5 torr;
and - deposition tenperature of 210 C- 25 30 Exanple 4 A rough ruthenium
oxi de Payer as shBWE‘Fql?’g W?S%ﬁ%ﬂ)f@rmcﬁﬂﬂ@ﬁmb%ﬂlﬂ@bmﬁm li con wafer
In a single mgﬁ ly"lﬁ@lﬁ o er under the following conditions: a flow
rate of about scan -hel'Tufm carrier gas through a tricarbonyl

(1, 3-cycl ohexadi enmiﬂhmmg&bmmmmheisdmblymwajﬂempe&&&é‘@h ofoom
tenperature (i ut .25 a flowrate of about 100 stem of oxygen gas;
22 10 March %ﬁm@ﬁ? Eﬁ‘ﬁ ﬂ pressure of 3 torn, and - a dep05|t|on

temperature of Zoﬁlaﬁtmnmgﬂ:lepressme of the reaction chamber in a range of about 0.4
10 torr to about 10 torr; and

..&.)

providing a carrier gas ata flow rate 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 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 sccm 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.

24




Al'l patents and references cited herein are incorporated,,n their, entirety
5 as if each were incorporated separately. This inventigl(\) hﬂ%[ghggé‘h

described with reference to illustrative enbodi nents and is not nmeant to be
construed in a limting sense. As. described previously, one skilled in
the art will recognize that various other illustrative applications may

utilize the rough ruthenium_containing |ayers as described herein.

Vari ous modi f i7eat i 3H8 msthodipf claimds wharein @ nowinsheiaar sESsSection apggf 55
addi ti onal en‘ggegjsrg% R c%fl?ﬁ ' | L L raBbgit sons
skilled in the& art %pon (%e ereefr?géﬁ?%m%%%%eggﬁﬁgt | %n.eglt lFsmﬂt eﬁie)r efore

cont enpl at ed thait 800A. appended clainms will cover any such nodifications or
enbodi ments that may fall within the scope of the present invention as
defined by the acconpanying clainms. 23 10 March 2004 Wiat is clained is: 1.
A net hods for fgor m Nge geRIAUT EARAY WHekedn HHRYREthd I fulbther ihéﬁﬂéscﬁhbﬂﬁlg%e

integrated circuits, the nmethod conprising: 5 providi a substrate

n
assenbly in a'rvmﬁWM@?megbwm@%mm b P08 Csur f ace;
mai nt ai ni ng t subst r at ssenbly.su ce at .ate rature in a range of

about 100C t o 3bd ewmmea?%bﬂﬁi%%@%%ﬂgﬁ“ﬂ i"’f?eaction chanber

in a range of about 0.4 10 torn, to about 10 torn, and providing a carrier
gas at a flow rate_of about 100 sccmtqo about 500 scan _through a

rut heni um cont®ai ni e pretend oftaimed, rhereie annealing the appghautheeivwgt Iaggout 15 C
PLbE

to abougy 100 %n!ﬂ?@!' : :E% 4 y r'H%EP i um | ay€r
on theufsourface 0 ?rﬁ%ﬁhgea S ﬂlg??@%gﬁ}? %99@43%{%398 g’?m 1,
wher ei n t he mabbwid). T millifver toi dbotitflaisagspheresinggas atrbsphantsubjactedito aglbivow r at e
of about 100 sgap to aho 500, scan. .3. The net of claiml1, wherein

mai nt ai ni ng tﬁﬁscgﬂsmcaﬁeakx WW@@@%’QP?Q%“? @B PFETEnc| udes

mai ntai ning the substrate assenbly surface at a tenperature in the range of

about 150C to about 250C. _
10.  The method of claim 9, wherein the gas atmosphere is selected from one of

e

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

25




4. The nmethod of claim 1, wherein the rough rutheniuml a,%)ehrll iézﬂ@)osited at
a rate of about 100 A/nminute to about 500 A/minute. 25 5. "9 hod of
claim4, wherein the rough rutheniumlayer is deposited at a rate of about
200 Al minute to about 300 A/mnute. 6. The nethod of claim4, wherein the
RVMS roughness of the rough 30 rutheniumlayer is in a range of about 50 A

to about 600mAntaAted'd aWeihsdiaROdE dbout e CTRY dbatk ﬁfo%ﬁﬁ&%@mﬁé’@@%ﬁbﬂ a

nom nal center cross-section area of grains at a surface of the rough
rut heni um | aghambesto depasit s geuglf rutlieoinm k96 on the surfef tBOGbMrats 8. The

met hod of cl wherein the nethod further includes annealing the rough
rutheniun1la%! “a tenperature in a range of about 300C to about 900C

for a tine period in a range of about 30 seconds to about 30 m nutes. 9.
The method of claim8, wherein annealing the rough rutheniumlayer 10

furtheP inclithes Hegvagiodgf cleimlduyhereinthe methed fasfeer ineludespnaintanieg i n a
range of abo. ) ok d _—-r) Al s S.d.h ~at npspher e
subj ect ed to&gsg?soqr\?v{g%lgés@ﬁgrge %e?aggtdée%éeoy ap]%lelgl&5 %ﬁ?"é’ﬁ‘e@r@gﬁﬁgﬁ ic field
across the g480°i xture. 10. The nethod of claim9, wherein the gas

at nosphere is selected fromone of 15 oxygen, ozone, nitrogen, argon or a
conbi nation thereof, and further wherein the glow discharge-is created by

| Vi . t t,i L . t
appl ying a rgsli 0 Tﬁ@ﬁ!é%ﬁ%f%%ﬁ%\/l\??ﬁﬁ&@&th@nfe dafther ibcha% AIRGBRGRE ” 2 2

power density of O to about cn? across t 11. A
met hodOf or f thepresgue of theghactiondheinbercn laagmse dfiaboutd.4 sdar tocalioublD tkr.
integrated circuits, the nethod conprising: providing a substrate assenbly
in a reaction chanber, the substrate assenbly including a surface;

providing a 16it heTheRed@AoRcRiMd 10WREMINRE neftiod fiftRer iBaREECANENREIRE ;. 25
depositing a rough rutheniumlayer on the surface of the substrate assenbly

at a rate of rousbimthariomayer atie temperatnsdn a 50ge Af abowt300°C 2o abné 96@7Chod  of
claim 11, wWhgfQidhd BGiddiH 9 ahgt BSBbIS0 BYGas b5 ahiR 30 k5 hed!
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;

26




a rate of about 200 A/m nute to about 300 A/m nute. 30 Th hod of
claim11l, wherein providing a rutheniumcontaining pretl:ﬁlﬂ'glg?c‘ﬁiir?t%% t he
reaction chanber includes providing a carrier gas at a flow rate of about
100 seemto about 500 seem through the rutheni umcontaining precursor 10
March 2004 maintained at a tenperature of about 15 C to about 100 C and
into the reaction chanber to deposit. the rough_rutheniumlayer on the
surface of the subsHPRINE apAFap-Gontaining precyEsofite dhe wactonghamber; wher ei n

t he nethod further J . S@h . E%gu : éﬂ‘ﬁﬁ% ;ﬁa&?%% face at
a tenperature in aéegﬁéglgﬂgﬁra Ol%ﬂf% t}%&é;%gut B%JV 15. e nmethod of
clai m 11, wherassembly bea raé¢ hbabotrtit@hAminute ko glemit 1200 fdninuieg whiRit the pressur e
of the reacti hanmber in range of .about.0.4 toorr to abgut 1 rr. 16.
The. et hod of KHEArERest At Be e BrRRGR IV FIS 1 A EReast e R « he
Tough rufheni WhohPstY A 3 a AofnBilp 8&Rér i 6ssisBotfon AEA6 Sthimd PN kurBRB6rig about

900C for a tinme period in a range of -about 30 secopds to about 30 m nutes.
15 17. The netliesgh oitheniun exids lojes ising rangeenflabowt 100A fmahpint 8% eni um | ayer
further includes annealing the rough rutheniumlayer at a pressure in a
range of about 0.1 mllitorr to about 5 atnospheres in a gas atnosphere
subj ected to a2igl ovFhecknsihbd bg elaith 26, wikréi tiedRNugh Pathamiugl @Gdd layagoetic fiel d
across the gas, mxture. 20 19. The t hod- of _ cl ai mél{l,. wher ei n providi ng
the substrate %89¥ |aya§ﬂppge®mﬁﬂa%@§teﬁp@bpm% YHOWiSugh rut heni um t he
rough | gger of rutheniumformed on the non rough ruthenium 25 .19. The -’
nmet hod of claim 11, wherein providing the substrate assenbly surface

i ncl udes provi2i. ng Hemethod lof anyt ¢fnkains20>21d ehetelieprovidite 4 aytheniwh- r ut heni um

formed on the nop-r.ough rutheniym oxi.de.. 20. A hod f.qr formi ng a rough
conducti ve Iay@f’%’ﬂ”@ﬂ?"?ﬁﬂf% GJWCBPHC%BOWﬂ%‘g&‘SﬂSQEOP & qaEer gt et hod
compri si ng:  pri ite6f alfout 106 sdcht @ BBHEITR sécrnthdubB e fuffenfRAEA AN

substrate -
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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assenbly including a surface; providing a ruthenium cont1%ih% g oRpECUr sor
into the reaction chanber; 26 10 March 2004 providing an ox;fgen cont ai ni ng
precursor into the reaction chanber, depositing a rough rutheni um oxide

| ayer on the surface of the substrate assenbly at a rate of about 100
A/mnute to about 1200 A/ m nute, wherein the RMS roughness of the rough

rut heni um oxigde I'BiShethSd bPady SRS 96-23DRHEreRObrBvidthe the tﬁ,ﬁoo A or a
nom nal center cross-section’area of grains at ‘a surface of the rough

r ut heni um oRp¥EblEREFadednglndes providiog obn-aonghtrutt@oiutn, tthe winghlayg06f\. 21. The
met hod of cl akm. i qugh rutheni um oxi de | ayer is deposited
at arate of%%é&%@g%/?% n%f{](gn{hgngﬁﬁ?ﬂgtbéagmﬁuﬁ‘nute. 10 22. The net hod of’
any of clainms 20-21, wherein providing a ruthenium containing precursor
into the re%(;?ti on chapber includes providing a carrier gas at a flowrate

of abolut 10@7sccrf cRnANSHYE Sistute compriving ablsatt Raovgh wehanimm &ayer, ai ni ng

precur sor mgiakai %%Ee @EE f t { 400 C and into
the 15 reacti o'néa%%a er,éfaﬁﬁg r?ﬁﬂei%]ﬁ‘\}\ﬁel?iﬁq%?ow H?Seata%gé{ertﬁm

oxygen- cont aberitrig2 fimes arsadface dred of 4 dumpletalytsnwotlc hadkee hatinglaudes provi di ng
an oxygen-co i Nl ng.prec or into he reacti on chanber at a flow rate of
about 100 sé@%@gb&“%%ﬁ#eﬁmﬁg PREyrutheniyp Jger.c| ai ns 20- 22,
wherein the method further includes 20 maintaining the substrate assenbly

surface at a tenperature in a range of about 100C to about 400C. 24. The
met holf of af- of Tesonductiyez8yctutexfeiamt27e wietehmthefsurfhdresf thoriughes

anneal ing t r ut;:heni um oxi de | gyer at, a tenperature jn a rapge of
about 25 30 -F’%@@S&?’%&é‘ﬁwa&%?ﬁégfp‘b@Slaoqth-gﬁ'ﬁlﬁﬁé@%é%?ﬁoéo
seconds to alottmplbtelyiodtR Suifitehatmg i ADSRABAE ReRiQs g bouR 9! oW
di schar ge cre&t ed brﬂ;{ appl ying an el ectromagneti'c field acCross the gas. 25.
The net hod fithe roughixutheninm Ia¥etnet hod further includes maintai ni ng 30
the pressure of the reaction chanber in a range of about 0.4 torn to about
100 torr. 27 10 March 2004

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

roughness of the surface of the rough ruthenium 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 ﬁvhich the layer 6f 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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26. The nethod of any of clainms 20-25, wherein providi ngo cﬁ%}&{rate
assenbly surface includes providing non-rough ruthenium, the rough | ayer
of rutheniumoxide is formed on the non-rough ruthenium 5 27. A
conductive structure conprising at |east a rough ruthenium/layer, 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

subst ant i al | y HeaRpith imes gsufacentre of grooampletely smooth Bigee havineai um | ayer.
10 28. The CORRENfY RchiGH Widbe B aftlRHICE R NEAB UKidAGEerO! L e

rough rutheniumlayer has a ace area greate out 1.5 tines the
surface area of the conpletely snooth surface having the substantially

i dentical sha as .t he ur.f ace of t rough ruthenium.la . 15 29. The
conduct i ve sth‘ctu 38?’3%"%?“"6 ?ﬂﬁcw%,ﬂaﬁ@%ﬂmﬂgwﬁﬁﬁer ness of
the surfsce ofuth&fumUiide Eydrh8o HifTdca¥Rh grdatdrha 4500 € 2UmARR U PR A tO

about 600 A. 30. The conductive structure of any of clains 27-29, wherein a

nom nal cent eAreap the epmpletelytsmonthmufacohavingithe substantially identieal shagfe ashe r ough
rut heni um | ay L.Sel 999@ out . A to about 800 A. 31. The
conducti ve stﬁfc ura%éggﬁbény f%?@?%oﬂ%eﬁgﬁ?r‘further conprising non- rough

rut heni um having a surface region upon which the |ayer of rough ruthenium

25 i s forned. %2. 58; copdyctive structure of any of clains _27-30, further
conpri si ng noA2- r odd¥ cPrductive strchie abanyef chyjms 3334 adereitie&MSpon whi ch ,

the | aygy of g ess'of oShd Hu%qm%@uﬁ:?’oxi&é ﬁ?&qyﬁlé%ﬁg‘? Is)ﬁ éﬁ% re

conprising at | €ast a rough rutheni ufm OXi ayer, “wherern ace of
the rough rut 58 tormbowi & Aayer has a surface area greater 28 10 March 2004
than about 1.2 tines a surface area of a conpletely snooth surface having a
substantially identical shape as the surface of the rough rutheni um oxide

| ayer. 34. Theﬁponmfcbﬂcmcﬁbéhtﬁicaﬁeopénféﬂlénﬁ%-m%ﬁ}éﬁaaﬂ tRgg of the
a

rough 5 ruthenium oxi de |ayer has a surface area greater than about 1.2
ti mes the. suf$dion grain size of grains at the surface of the rough ruthenium oxide layerisin 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

Is fornmed of rutheni um oxide.
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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43. A method for use in formng a capacitor, the nethod 4¢qRR%L, SbHY:
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 formng the el ectrode
conprises providing a rutheniumcontaining precursor into the reaction
chanber, and d b i ; | ; {ac f the
substrate asse%l y rorh&;tl eo?c&?%ﬁ?ﬁ#%%%%t&&%ﬁﬁ%@%&@ﬁﬁﬁ%%ﬁ gOO
Almnute to dbosubstel® assembljusuefacd 4t a Ehnperabirh otz tige bhHaboutt 300%GhHerabowt t he

substrate asse I pcl udes. an, 25 openi defined therein, .wherein e
opening is defméaB gl %'i"&ﬂ?%ﬁ??*ﬁ‘é ofgtﬁefq?gno %&%ﬁ%%g%ﬁ%"%‘ﬁlg at
| east one si deowab kbsittiensitng therefrom 45. The nethod of clai m 43,

wherein gr oviding a rutheniumcontaining precursor into the reaction
chanmber Yncludes providing a carrier gas at a flowrate 30 of about 100

seemto about 0 t L C y B .maj nt ai ned
2t a terperaturs of Timae oAty bRt AR Blcfide BoRES Aoy, O "
depo?ri) It the r mmggarmlrl]éiﬁnn luyet &tyaetehmparahﬁel;jreamahf Qf;:,ﬁ' dbout m;ﬁubabm@ﬁmc hod
asse y. 30 10 March 2004 46. The net of .cl ai m 45, erein the netho
further incl udk9?HEICRELP %mﬂgﬁﬁ@%@§$§?@ﬂ%@@ﬁﬁwd§mﬂﬂ%e 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 ni nut gfut 0.9 ndiflitorf 2B 5 AEMEpheled i fk atiBsheled buBfidRa !t W gIdwe

rough rutheniumlayer further includes annealing the rough rut he%il um | ayer
at a pressure difchargepaepeddry appbing amelectramagnetin field acrpvithe 28s aixtuspheres in
a as atnosphere subjected to a gl ow

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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di scharge created by applying an, electromagnetic field wﬁ'%ﬁ zbEE gas
m xture. 15 49. The nethod of claim43, wherein providing the substrate
assenbly surface includes providing non rough ruthenium the rough |ayer
of rutheniumformed on the non-rough ruthenium 50. The nmethod of claim
43, wherein providing the substrate assenbly surface 20 includes providing
non-rough rut heni atwub$0 detp abbret 600U46r 4 myminabdenten chsisectidoiremst @aing he non
rough rutheni um oxi de. . 51. met hod for use.ip formng a capacitor, the

met hod conpri si ngéa%‘F%Wﬂf@ﬁI% pivpoxide ?Wﬁg@gieég@&“ﬁr]roglé‘anber,
the substrate 25 gpsheabtdoA ncl uding at | east one surface; and form ng an
el ectrode on the at | east one surface of the substrate assenbly, the
form ng of the el ectrode conprising: providing a rutheni um contai ni ng

precur gor in th ti.0 h er rovi ding an o en-cont ai ni ng
precur?or i n§%‘ th'ghélgl%éoldc?%cg%%:%éweregbﬁsﬁﬂ)s&gﬁoagﬁﬁg "é"l}“g‘-‘ﬁaﬁ r ut heni um
oxi de | ayer openidprdefined deeiaf whiteinIndspdndictis de ¥ béford stFh® dtfthéabout
100 A/m nute to about 1200 A/ m nute, ereln the RVMS roughness of the

rough rut henfubsiraigasremblyand atdeashone sidnwall extending thevefrom. 2004 about 501 to
about 600 A or a nom nal 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

SOON. 5 52. Jhe nEhdnethot oflaay of ShimsdlesZiwherdin peotidingatratramenbl y i ncl udes

an openi ng defi.ned therein, \éﬂerei n the gpe_ni ng is defined hy a bottom

surface of t FEHANEHrCCrsor 1o Wﬁ'd’hé?l PRIRS 0@%%@6&&&5@1&% ng
therefrom SHewthg ofab&R4 00'scan Yo Mort 560 ﬁ@r@&n‘r&fghtﬁ@ Jifid il QitiRg 2
rut heni um 10 containing precursor I1nto the reaction chanber i1 ncludes
provi di ng a pwewisermgiatimid af a thinperatuad ef abbubbHE to ditait 16@ ACtmoakout 500
scan through_t he rytheni um.cont ai ni n regursor nmaintained at a

t enper at ur e fﬂac‘?ﬂ?o o =é“¥1%m§l?ﬁ53f-¢i‘g'6 V?‘fﬁ‘%. HEYEFRSRTPBINEINEABN,  and
further wher git§1hRireattidh Rlarkbér IBUMAEN prov Rl Gad b fheIcBf preiis6r it
reaction chanber includes providing an oxygen-contal ni ng ecursor 1nto

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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15 the reaction chanber at a flow rate of about 100 See%thﬁ’arﬁipgﬂt?zt 2000
seem 54. The nethod of any of clains 51-53, wherein the nmetho urther

i ncludes maintaining the substrate assenbly surface at a tenperature in a
range of about 100C to about 400C and maintaining the pressure of the
reaction chanber in a 20 range of about 0.4 torr to about 100 torn. 55.
The et hod of 5dny dheahethod ofiday™f clahie 5856, Whareigirboidinputhé hstatac! udes
anneal ing the rou r ut.heni oxi de . layer at_a tenperature in a range of
about 300C tﬁssswg@[s‘g%?@em \%eapfq‘ﬂ@ngéw—wghme% cgpughhlager 0 seconds
to about 30 Zah&diBemedEn thEonl ﬁ@fﬂrﬂféﬁni ly of clains 51-55, wherein
anneal i ng the rough ruthenium 0>I<lir£§e ayer ﬁrt her includes annealing the
rough rutheniumlayer at a pressure in a range of about 0.1 mllitorr to
about 5 atnospheres, in a.gas 30 atnosphere subjected to a glow di scharge
creat ed %y ap%?‘yi n}%@%#%c%”& ﬁc@{‘?lj'irsmﬁ‘i el d across the gas mxture. 32 10

March 2004 57. TheafRitwlectide Fobmedlofet Rhdt® rSdptbRithe¥ABh Blyer RitRYELELNY the

substrate assenbly surface includes providing non-rough ruthenium the

rough | ayer ofurfacgioddhe rovch suthenjumlayen baswsurfase greargredientbamaboBt 58, A
capacitor str L &ufEP 5 es LD i el 0 fornmed, of .at. | east a
rogghI r ut heni ﬁegaa%er, mﬁggéﬁﬁ%’ﬁpfs&&?féﬁ%@w%%ﬁéﬁw m | ayer has

a surface arealegtiealtshapé fshe alxdate of {2 rotighfshenivinldy@eie area of a conpletely
.snoot h gﬁrface havi ng .a s_utfsta tially identical shape as the surface of

the routth rut heni ufdicloetric laygr formed o af lepst ajpoytinn effhefisst slectieds; adt  a
portion of the fi r"%tse@élﬁp&_lilﬁg@iveqmrﬁﬂm%ﬁ%ﬁ%&i@ﬁ@ﬂ@ﬁw& | ayer formed on
C

the dielectric layer. 59. e capdclitor structure o al m 58, wherein the
surface of the rough ruthenium|ayer has a surface area greater than about

1.5 times thecgurfgce area of 15 th 0 etely. shmoot h surface having the
subst anti al | y5' 'den%ﬂ%ﬁﬂ@ﬁ%ﬁ&%ﬁba@%tﬂggﬂ%ﬁgﬁtﬁeﬁ%i um | ayer
60. The capaciniBénifinldgdriias a 8hirfadedirdh Rate RS Sdht bt Prithiy S sﬁ'&lf%@taf&qﬁ

ro g

further _conprises non rough rutheni um upon which the |aye rou
rut heni Iimi s the completely smooth smfgce 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
, éomprises 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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20 fornmed. 61. The capacitor structure of claim 58, \Ahquim’brwggéfirst
el ectrode further conprises non rough rutheni um oxi de upon which the | ayer
of rough rutheniumis formed. 25 62. A capacitor structure conprising: a

first electrode forned of at |east a rough ruthenium oxide | ayer, wherein a

surface of the rough rutheni umoxide |layer has a surface area greater than
about 1.2 téhes Thscarfagiter stucaradf daivdi?h wheesin thermuefase ofithe ryghhavi ng a

subst anti al | 30 Ldentical shape as eni um
oxi de Iayer?ﬁéenmnép%vffﬁsca%%%&p%&%@%ﬁﬁgg%ﬁ%%%@%{#?ﬁe first
el ectrode; thedompldi€lgafidotOnEficd hating thy substautiatig identitdl shapealsaled ri ¢ | ayer.
33 10 March 2004 63. The capacitor structure of claim62, wherein the
surface of wstaceglighe rongh nehninm la¥ger has a surface area greater than about
1.5 ticmes the surface area of the conpletely snooth surface having the
substantially identical shape as the surface of the rough ruthenium]layer.
5 64. The céhaci The capacitot straetund ofdlainndZ; Ivherdin the first dlectfistfinghearct r ode

further conprises non rqu rut heni um upon ich the |l gyer of .rough

rut heni um oSqTBRFISes 'HOPTSP\'F&H‘%E“@SFP%%L’G%%Y&?%&&? Biugt oS 62,
wherei n thegfij-gt el ectrode further conprises non rough rutheni um oxide
upon which the layer of rough ruthenium oxide is fornmed. 34

10 65.  The capacitor structure of claim 62, wherein the first electrode further L
comprises non-rough ruthenium oxide upon which the layer of rough ruthenium

oxide is formed.
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