ELECTRI CAL COVPONENTS FOR M CROELECTRONI C DEVI CES AND METHODS OF
FORM NG THE SAME TECHNI CAL FI ELD [ 0001] The present invention rel ates
to the desygmuansiosganuf acture of el ectrical conponent spEomszo07/067942

m croel ectroni c devices, and several exanples of the invention
specifically relate to netal -insulator-netal capacitors for nmenory
devi ces. BACKGROUND [ 0002] Dynam ¢ Random Access Menory (DRAM devices
have menory cells with a field effect transistor and a capacitor.

H gh capacity DRAM devices typically use a non-planar capacitor
structure, SUCIEEECTRICASCHMEOPENTSEORMICRGEEERERIONKPREVICHES

Al t hough non- pl anar capamtor str uire nore

maski ng, depositing, antNR MET D&@%E@M&ﬁ@ﬁéw ; capaci tor
structures, nost high capacity DRAM devi ces use non-pl anar
capacitors. In both non-planar and planar capacitors, a

metal -insulator-nmetal (MN) structure provides higher capacitance to
enabl e hilGHEINIGahSIIEND devi ces. Typical M M capacitors have top and
bott om conducting | ayers separated by a dielectric |ayer. The top and
bot t om QP! | NorlaYGEe: hlifiBn Aefied! 80 e P dnd OmARARLFE rOAESAL
pl at es, e conposed of e Same materi aI ferent materials.
One as pecbmpénehabﬁor arad;rodgsnrdhi‘m deapas i andrssvera q;mmplesl ioh gheaingerdion cpediigoally
| ayer haV|ln a hl? L&te ect con tr%ltmosodévglcgg nore charge can be
stored i f®% 6%’5’83 0] 0 c@?%?é hess™'of the dielectric |ayer.
Anot her paraneter of fabricating MIVI capacitors is providing a
suf fici eBAGKGROUKDI el ectric layer to mtigate or elimnate current

| eakage. In general, it is desirable to use a dielectric layer with a

hi gh di el n Le
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tantal um oxide is then deposited onto the rutheniumlayer using.a

vapor depdai Fapaclisr sEed@en mazbbieh seracity KR AMSPHRE S MaRPRrTRaBETIgS It
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constant o
capacitance to cnable higher density devices. Typical MIM capacitors have top and bottom

conducting layers separated by a dielectric layer. The top and bottom conducting layers, which
are also referred to as electrodes or plates, can be composed of the same material or different
materials. One aspect of fabricating MIM capacitors is providing a dielectric layer having a high
dielectric constant so that more charge can be stored in a capacitor for a given thickness of the
dielectric layer. Another parameter of fabricating MIM capacitors is providing a sufficiently
thick dielectric layer to mitigate or eliminate current leakage. In general, it is desirable to use a
dielectric layer with a high dielectric constant to enable small capacitors to store the same

amount of charge with low leakage levels as relatively large capacitors.

[0003] Tantalum oxide is one promising material for forming dielectric layers in MIM
capacitors. In existing capacitors, 2 first electrode of ruthenium is deposited directly onto a plug
located over diffusion regions. A dielectric layer of amorphous tantalum oxide is then deposited
onto the ruthenium layer using a vapor deposition process at 300-450°C. The amorphous

tantalum oxide has a dielectric constant of about 18-25. To increase the dielectric constant of



t he tantal um oxi de | ayer to about 40-50, it is subsequently
crystallized using a separate high tenperature process above 300C
(e.qg., typwvoabdrysdsd ween 600-800C). Such additional hi gbhriuvstpetaddtr e
processing to crystallize the tantal um oxi de, however, may inpact the
t hermal budget of manufacturing the mcroel ectronic devices. For
exanpl e, high tenperature processes are typically avoided to prevent

dest abi | i Zath QP bxild Biybd foMBboudld-50)54 ngiu?geq%ﬂﬁ@ﬂ@t/aiﬁm AMSa s@afhte high

generation of undesirable stresses in m stacks. Hi gh temperature
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illustrating a portion of a _mcroelectronic workpiece at_a stage of a
met hod | rFvBRED e Wt HORA R FIRSRTRD e an e BiagFiures hat must be

[ 0005] Fi QH{eﬁrat%d irfo e PR K108 SES BN aherdioRiNit Houfibe e Bableits RlmGAEMHRA Bkide
formed on the microel ectronic workpiece of Figure 1 at a |later stag_zh
1

of a net hieediir Rrworitambighwidlertimeanntpidvithont aropalingdhe ispiahin exide at a
[ 00061 Fi Gt e hudoSn Adlbudfbrodbo Tl PhdsMecPlcBpgs | €5 of materials for
underlying Tayers 1n-accordance wth an e odi nment of the invention.

[0007] Figure 4 is a cross-sectional view schematically illustrating a
portion OPRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 is a cross-sectional view schematically illustrating a portion of a
microelectronic workpiece at a stage of a method in accordance with an embodiment of the

invention.

[0005] Figure 2 is a cross-sectional view of an electrical component formed on the
microelectronic workpiece of Figure 1 at a later stage of a method in accordance with an

embodiment of the invention.

[0006] Figure 3 is a graph illustrating properties of materials for underlying layers in

accordance with an embodiment of the invention.

[0007] Figure 4 is a cross-sectional view schematically illustrating a portion of a
microelectronic workpiece at a stage of a method in accordance with another embodiment of the

invention.

[0008] Figure 5 is a cross-sectional view schematically illustrating an electrical component
formed on the microelectronic workpiece of Figure 4 at a later stage of a method in accordance

with an embodiment of the invention.

[0009] Figure 6 is a schematic view of a system using a microelectronic device with an

electrical component in accordance with an embodiment of the invention.



m croel ectroni c workpi ece at a stage of a nethod in accordance with
anot her enbodi nent of the invention. [0008]Figure 5is a

Cross- sectwonab/ssew schematically illustrating an el epttagmbiineros
conponent formed on the mcroel ectronic workpiece of Figure 4 at a

| ater stage of a method in accordance with an enbodi ment of the

i nvention. [0009]Figure 6 is a schematic view of a systemusing a

m croel e ' ' Wonh an el ectrical conmponent in accordance
with an ?n%%ﬁ%ﬁ?go the 1 nvention. DETAILED DESCRI PTI ON A. Overvi ew
[ 0010] The present invention is directed toward el ectrical conponents
for m cragl ectweries devi ces and nethods for formng electrical
conponents. One particul ar enbodi nent of such a nethod conprises

deposi ti nMgoi@n UNGEdelpydsad iha)esn @ dtrectdl WREKRIRER ] RAGohI foNfhioRoelectronic
conductive | ayer on the underlying |ayer. The methqd _can cg,nt I nue by
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dielectric constant than wthout the underlying Iayer being present
under t hdaxeoprlthetungalyinglayer. Fbe mefhadpinecontinite hyrdepeditineraydiplggtae layerpn the

| npart a or. t ' t .
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t o under dighar dielatriatenstanythat svitheut dlteunmdedyimelalér rbging powsers Smddritiey conductive
deposi ti the dielectric teri.al ont.o the conductive | ayer. Several
exanpl es 1B APl pAFrivias e e gL & SEPSTE Op it Blobety i U i
di el ectristack ayRrauddh tah dthGWisd Rh@SHlohd GickRfifet BikrSto e gbdInR Wikont aMehgl to
usi ng a separate hi %h tenperature anneal i ng process. ,100111Anot her
exanpl e JMAHENBSERIEFS high derapeanivie enngaling PRecs Alfefleperifinesthedielsctrignaterial

toward  gno the conductive layer. Several examples of this method are expected to be very useful for
forming dielectric layers with high dielectric constants becausc they avoid using a separate high

temperature annealing process.

[0011] Another example of a method in accordance with the invention is directed toward
forming a capacitor for a memory device or another type of microelectronic device. This method
includes providing a workpiece having a capacitor region and depositing an underlying layer
over at Ieast a portion of the capacitor region. This method can firther include forming a first
conductive layer on the underlying layer to form a first electrode in the capacitor region, and
depositing a tantalum oxide layer in the capacitor region on the first conductive layer. The
underlying layer is composed of a material or otherwise has a property that causes the tantalum
oxide layer on the first conductive layer to have a higher dielectric constant than without the
underlying layer being present under the first conductive layer. This embodiment can further
include forming a second conductive layer on the tantalum oxide layer to form a second
electrode, In a specific example, the second conductive layer is deposited onto the tantalum
oxide layer without crystallizing the tantalum oxide layer in a separate annealing process after

the tantalum oxide layer has been disposed onto the first conductive layer.

[0012] Another method of forming an electrical component for a microelectronic device in
accordance with a different embodiment of the invention comprises depositing a liner onto a

portion of a workpiece, forming a conductive layer on the liner, and depositing a dielectric layer



formng a capacitor for a nenory device or another type of

m croel ectronic device. This nethod includes providing a workpi ece
havi ng a ogpaeiti®dsd egi on and depositing an under!l yi ng peaNgiocONE42at
| east a portion of the capacitor region. This nethod can further
include formng a first conductive |ayer on the underlying layer to
forma first electrode in the capacitor region, and depositing a

tant al um Gt eodd@dee ldyBr 1 %hi§ BRBSHih QT tﬁ@&ibl@&n@ Ryd18s b biphlr FQQMCIoh St
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conprising tantalum oxide, a significant increase in the
crystallization of the tantal um oxide dielectric |ayer occurs w thout
subsequentyy :@piaesid Ng the tantal um oxi de | ayer in a hpgfyukaoparakur e
process (e.g., above 300C). Such crystallization of the tantal um
oxide is expected to cause the dielectric |layer to have a hi gher

di el ectric constant conpared to when the liner is not present on the
ot her si ‘o j QY ; i f I .
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regions 14 and/or, the djffusion regions 22, Th ates stacks, .30 and .
31 i ncl uckBemaefy GRYiges Pragrhsr @zpoaen&o%éhgﬁyaﬁyé?mif%%% Frs 3%51 bighrdiclectri
silicide gagh@g 36, and an insulating cap 38. Each gate stack further
i ncludes dielectric sidewall spacers 39. In the exanple shown in
Figure 1, the gate stacks 30 and the correspondi ng diffusion regions
22 form adces Ik of Elecirigal Gompgnentsand Methogs, o g Electrical Gominonen
| ayers 34 t he gate stacks 30, re specifically, are rd |jnes
for the ndftfly d E%fé_.l TRAENROTFLPreteY 1 S?ﬁ%ﬁé’mf‘/’ﬁegﬁéf@g%&%ﬁé@é&% Srge
pl ugs 40 frabMaeda saplsitdr 0P h TH MRt BrdcEor8drds i$th 30 eABEdiRdnt A invention.
conductive plugs 42 between adjacent gates stack 30. [0017] The

wor kpi eceAll i strgendhe wWaskpisae d Odnclpds A substivge (1A \having Ealkapideyregions 14 and
plurality j ' : Y :

i nsul ati nsg? cg);a{eﬁﬁne %gﬁ %%lﬁtégg) ﬂﬁ%%‘%%?%%@?. (?lmgg&%%krg %giég?%é%%tyg?gm stacks
anot her sl dldlassbcaicd otithi the pait exidalegichhé4 ol @shddiffasien tegipne 32.| The gates
patterne

dsté%ﬁ.('g 30 and 31 include an oxide layer 32, a doped polysilicon layer 34, a silicide region 36, and
an insulating cap 38. Each gate stack further includes dielectric sidewall spacers 39. In the
example shown in Figure 1, the gate stacks 30 and the corresponding diffusion regions 22 form
access transistors for memory cells. The doped polysilicon layers 34 of the gate stacks 30, more
specifically, arc word lines for the memory device. The workpiece 10 further includes
conductive plugs 40 between a pair of adjacent gate stacks 30 and 31, and conductive plugs 42

between adjacent gates stack 30.

[0017] The workpiece 10 further includes an insulating layer 50 having a plurality of holes
52 aligned with the conductive plugs 40. The insulating layer 50 can be borophosphosilicate
glass (BPSG) or another suitable dielectric material. The holes 52 are typically paiterned and
etched through the insulating layer 50 to expose the upper surface of the conductive plugs 40.



etched through the insulating |ayer 50 to expose the upper surface of
t he conductive plugs 40. The holes 52 accordingly have sidewalls 54

t hr ough t Rgp bdasuizatg ng | ayer 50. The diffusion regi onsp@Rusaat /7942
stacks 30 and 31, plugs 40 and holes 52 shown in Figure | are one

exanpl e of an environment in which electrical conponents in
accordance with the invention can be used. As such, other exanples of

the i nvenjy.qf Iy Jb%rdin%z' A€ spidesSE4 Heddgh e 11{3919!:11%] ia?ertil‘i SThe diffusion
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under | yi
and/ or "t rf%taﬂmﬁlj@'s Hen ﬂﬁéme%r}ma Y57 80 Focompried it spakcilifgies a1 pompriex oxides, it
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on the flrst conductive layer 72, and a second conductive | ayer

t he di el eonductive layas thay governthe hadeslaing layer 60. cBipawidediing lapes 68 bcbveetym lSoHUt

| ayer 74 pacer that can hold a charge for a period
of ti I#%mﬁughgk%ﬁﬁ$bﬁﬁécan further i ncl ude an |nsulator | ayer 78

over the ndu tive Ia Th f|r co tive
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| ayer 72 cxaﬁam&@rrprm serdspbriday huﬁ@s(ﬂalxﬁgui%i E)t |?lmrm§deitbrs 7B’ai1cmdieuh¢1mﬁdedymg

chrom um (Cr bdenum ( Lridi ant al u
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and/ or t hgiker %Hﬂblﬁtﬂré( Gortiub@MIayeP X2 SiEthe ufdHRIONE WS6r 60) b Weldd@R layer 74 on the

subnitrides, silicides, silicates and carbides. In a specific

exanpl e, firptwonductiye laysh d2c@nsl g gecond conductive layer 76 on the dielectric layer 74. In the case
of a capacitor, the dielectric layer 74 is a dielectric spacer that can hold a charge for a period of

time. The capacitor 70 can further inciude an insulator layer 78 over the second conductive layer
76.

[0020] The first conductive layer 72 forms a first electrode or bottom electrode. The first
conductive layer 72 can comprise Ruthenium (Ru), Platinum (Pt), Paladium (Pd), Chromium
(Cr), Molybdenum (Mo), Rhemium (Re), Indium (Ir), Tantalum (Ta), Titanium (T1), Vanadium
(V), Niocbium (Nb), and Tungsten (W), and/or their conductive alloys, oxides, suboxides,

nitrides, subnitrides, silicides, silicates and carbides. In a specific example, the first conductive



| ayer 72 conprises ruthenium The second conductive layer 76 is a
second el ectrode or top electrode. The second conductive |ayer 76 can
conprise Rubbgahsszg Ru), Platinum (Pt), Rhodium (Rh), Batadimidsd) .
Chrom um (Cr), Molybdenum (Md), Rhemium (Re), Titanium (Ti), Vanadium
(Va), N obium (Nb), Tungsten (W, and Tantalum (Ta), and/or their
conductive alloys, oxides, suboxides, nitrides, subnitrides,

sui ci des, jp@k b7b CahBses dHerftidth PITE Secoh® (Srdudine 18)<8178GE fal docdn@Vedetrddb or top
general |y conprises a material having a dielectric constant of at

| east appileskpdrat dhy sapndtrondugtpo diveedst s gomprésef Rytbeniwn (Bu) tHlgtammaFa)

above. aprrisaRLBIR PR 03, kiRl R MBSRRREN (i) RAHRE Rp) Efeviom

di el ect ri(@i)l Yyediudd(Via), HNieliad| (b); Toypgsten €¥) 1 and tTahtahmo{la)] end/dtB€ibond Bk
t ant al ide dielectri.c. . 1. 1. ited onto the first
conduct | VTR pfesrsPeft iR S e S S iR b bl Sab o or oxi mat ol v

300-450C. One aspect of several enbodinents of the invention is that
t he di el €6021] c | alterdiddetmolaprl 14ygedarally wotpriba\eembtigal desing e dicdkicelceohstant

const ant qf r oxi nat el 0-50 .wi t hout bei anneal.ed unl ess.ihe, .
inder | yi 8 ¥ SR PRt 4 i dariet bug e e PARATE 9 72 ol being
di elhect El ia@llnéa@éﬁeér Stherwiigr pl@&f%ﬁﬁ& &, ?] Q@ﬁpek@\tevm aaavcﬁamfr@gmmlyswogcmfree being
with a dielectric constant ss than 4 njt is . deposited ont e
first corffBeyidelPagarrirs i 461?}6%?0 e ﬁrmeﬂgﬁaybﬁ@wgvéﬁméﬁmemﬁéff sz@
t he opposdRf aStthiamxie diBiBetfid Labr TORMUR depSsite@¥Bo M firsP éndubifre Jayer 72
dielectric layer 74 can have a crystalline structure with a

di el ect r i ¥ingopstaneR derssitive sprogssnrit ApPKinKialh SOUAAET) yi Gy peppelr obgeveral
C.Ont act| r@nﬁoﬁ:&eﬁ@%@%&eﬁﬁv ﬂfnfl ?sctﬁat%e &i@l@ctﬁé fa?&r ﬁq{bgtﬂgﬁyl dbfes h@tm%(/e #€ desired
W t hout using a separate high tenperature process to crystallize the
di el ect r i dielbcijegontant of spproximathlystO@erithdelbouig eertaledynisssdhe uriderlying lapsr 60
the material .or.t post - i.tLon .aro I h i tri

ayer 74t reafod My RAPATE0H, o2 B GARHO BB 74 B A EbAE Gh e an
rat her t henceghvhs satchos with a dicleciricl esdsizntnigss| taye40 GBennit tiddépositekli anst the first
conductive |layer 72 and/or the dielectric |layer 74 that. i rts

i oh i el GeEE R npony e Radeiaf Gubt S fiiglne e oriieins i 5h e fr
speci fi ¢ exampyelagd 72heutithy @BlkiAN laybd T din deve d/drigallimySfuctif: WP tickeisic
haf ni um oxi de (H 02), hafniumsilicate (HfSi xOyi%l1 aor haf ni um al urF]i n
oxi de ( HfRDsER ot less ghami40aith B pRderlyf@ 2y F PR O ECtER HiF PRI SRR AT Hintirst
(Ru), andyhfigtich %}F@Wﬁ'@itﬁﬁﬁﬁiﬂ%% GQAREd BRE APt THR%EE B0 (IR the

If the hafnitun si'licate or hafnium-al um num oxi de under| yirgg I ?%er .
p]r post-

60 was notielpates dayer, 74 Riervihpay beraplppeted tAntugh.uiiniv RetdBe gnai

|ayer 74 youl, i ' }yiges QRSHi @ e by t
appr oxi naqégi’%&fgﬁ %%%gm@yg P ﬁﬁ\g\ﬁgﬁ%ﬁ? ﬁ%’fﬁi nﬁ%%&%ﬁ?{%cat eggrleﬁatprcl i°8‘}%ta“ ’
al um num ot irafleer [tizey@mbGditions ofithd emddrlymgrlegteh 60 iwitin the fist candnadive layer72 ayiér
72, the tan m oxi i.electri,c.layer. 74 cryst.all. i ut

under goi n@e g@éﬂﬁfaﬁrﬁﬁﬁ?ﬂ AR ersfﬁé]% tdg%{eé:&é:ncﬁgsé#ﬁogtﬁe cpl)lF I(Z‘)egtggs y%f téer it
has been deposited. Such crystallization of the tantal um oxide

di el ectri®02yer Ifdones spegifimnexainBlex & ther inkntion,0the | indertyiog daver ©Aecomprises

rut heniu onducti v yer. .72 cau . tantal i j. e) }
ayer 74 RoRa FromFie SRER G bR AR S8 EEALGD e
oxi de | aygkt tdidlctive 1BRPIRI dodthrides Mtientunt (To)j wnd denditlesitiv dayenyércomprises
wi t hout the under]|ying | r 60, bei, resent. ln.many .cas .th

ant ol um B Qe (Sl o yihiom g o i by BEL GridS Sgngpe fover 60
appr oxi mefeJ not pldsept, Hﬁdeomg@itﬁ@iaﬁﬁluﬁl SERATISEEricIRRE ak gl d¥eQaRsmho 128
the first conductive layer 72 is rutheniumand the underlying |ayer
60 is Hf Omve [ Splgayc constanhiok egprotimgel] thed- e HoBETEd WheR Hift tpguimysilicate or
several exaiph @t beak fy62o i€ QRP AR Miferiin G6E BSRBRGE 1Mot 12, iantatum

invention 1s that the dieléctric layer 74 has a high dielectric .
oxide dielectric layer 74 crystallizes without undergoing a separate high temperature annealing




t he wor kpi ece. For exanple, the workpiece 10 can further include

anot her dielectric |layer 80 deposited over the insulator |ayer 50 and
t he capacii@bs7/d%su3sThe dielectric |ayer 80 can have a Ber@sihdros7942
extending down to the plug 42, a conductor 84 in the hole 82, and an
electrically conductive bit line 86 connected to the conductor 84.
Accordingly, the electrically conductive bit line 86 is electrically

connect edybdisd s Rk b4en HEALRR. Btk P hDtufur oo E@iatk: 74

the peripheral circuitry are then conpleted using techni ques known in

the art. Ys0G25[HPigly ¢r IALD, dingrunder thé rugreninmepndystiive layerci2derses the tapalum
di ffracti Qm.. (& . the. ' ' ,
an | mpor (AN ST 19 7 :d Rk oSO b B R i bty BBy

when anortpitois siepesited ontoox ndgnivameoplroting: hpert withoot thel delerlying dayer ph deisg
al um num oxi de are used as, liners, nq crystallizatjon of. a tantal um
oxt e | ayiret Bhpelt Sne e ke o8 SlalGhRL A S P b diBebE MR of
\ém' t hout debﬁﬁw ﬁmv@mﬁﬁt&mf ifdefzaing _raesepelir_@te egfdaligg F:\Ab@ mﬁiln lfﬂl&nﬁxldﬂttwaﬁ(}tive
eposi ted on_apor phous i num_oxi de |iner onl.y. a sma anount o
crystal | i 8%t i"'gﬁ ’B‘Be"é%a‘? e an W‘Bﬁﬁ’é{%‘ qoéﬁ/gfo%g%’rq?eﬁﬂfﬁb@ever, a
significant anount of crystallization occurred in the tantal um oxide

| ayer whempoi3pe rtmif@fﬂxfﬁnewa&dﬂﬁﬁgéidfeﬁ’ev@ﬁl axRapPROWT BRéEtALA Ntdhhdoh&Rd 6n
or anor phous hafni um al um_num oxi de |iners w thout additional hi

lin . gh

t enper at CEOTHRGE WUR s geriiams thebibe Hiclengodater (4 ARigdisiclne comy@i vithout
[ 0026] Fi ohakRig 4o ksibjédt HeORSISIBS! th ANRparkie @A find HEclP kR RE&itHE thd dielectric
accordance w th anot her enbodi nent of the invention. The workpi ece 10
i s subst aarer i Wssixpleingd abayerpxigiing propesses aprpalitanighyen exidesdiclegtec layers at a
referenc Jher.S t Lke ) i i I

el o, FRET S| Bl |Gl h Ry A TAPRREL S e Rl S By Y hn
renove t hiepgaoed icothengsfthe tastabmuderifiy/frorg bemg emogbodsrworth & dieleztoin tcastant of 18-
surf aces. a. result. the upderlying l.aver 60 co S si.dewal | s

54, and 110 TrepnE Soeling MiF oG soBten Bt B SOKGI el B R e
5, after stailieagnpibeofithelprieteyt ngerltay ase 6O underlpng lagkd d0yurdér tha fitk€ bdndtiGive

oo scens. 72 RGOt o BB R bbb e
expect ed pghyablecAGRH1IA probils 6ARASH High Smp&amid frodetd, ah Lehch,betrirsl WnoBimdAte
accordlnqu simlar to those described above with respect to the,

capaci t or% hprgTIEnygHen provide ERRRFITIFEIES W 2 Syahealect O Ttiape Fiiesicios
a schemat digihdid LkbAd BRI O b flit], YR h &R hifﬂéfaﬁ,eﬁﬁ%ﬁ%téﬁgea%ﬂv%&msmg

i ncl udi ng a DRAM devi ce 108 containing a capacitor or o r

el ect ri caissasigipdoritiitglf taperetrecnesting proresers coreniile usatiio dirmemyséalline tantalum
descri bed, above. The processor-based system 102, such as a conputer
system generally conprises a central processing unit (CPU) 112 that
comuni cates with one or nore input/output devices 104 and 106 over a
bus 118. [#AM]CPU Thepwerkpiedsel Ocapimdesgsr foress pencessing &o pravplefe iheandneory gglle on

of proces C syst I i - MEIDK
devi e ( by oS RaPHAEIC U ARARR, B B0 il MLl G RRLHiTRIREY
drive 116depbsited oesmbmnineddteslaydrtsh shééheCRhictd? 70V dhe tilvtectriedayti 8) can Havba
devi ce, ar .other ri pheral .devices. The DRAM devj ce .1 ref erapl.
oo o st BHCE? Exehd B M efet g Bon SaRGRRNHIS Fisgioid ar BCe pRgdy
conduct i vé@nhayies bioliné BE corAded Wi the chrli@or 84 AidtREly, it dleyesallp Borldh@ive
first condugtive |ayer, and a second conductjve Iager on_the

h
di el ect r i kit ¥ng86s glectrically comerted e askive Feeiamr2rafierdhs Blug -yt hrsarsy gnd the

peripheral circuitry are then completed using techniques known in the art.

[0025] Figure 3 is a graph of grazing angle incident X-ray diffraction (GIXRD) data that

shows the material of the liner plays an important role in tantalum oxide crystallization. In



WD 2007/ 133936PCT/ US2007/ 067942 [0028] From the foregoing, it will be
appreci ated that specific enbodi nents of the invention have been
descri bed yagbfhAshe purposes of illustration, but thabeYagi@ysresz
nodi fications may be made wi thout deviating fromthe spirit and scope
of the invention. For exanple, the invention is not limted to the
specific materials disclosed above, and the invention can include

form ng cupRenSHhs: Shdiout BB SRAS iah@fholOhntdBM G&®, 8 BRsph iR AIRRAM
devi ces. The term "m croel ectronic device" is used throughout to

i ncl ude oPHerary pd @ fiaers.ecryuallizatian of g dntadum gride davecemiop | thejeoniducsive
dat t - t it . i ol es
ata st oragenigheeat Sas (Badi %ﬁ?gg%@geﬁlﬁgﬁ zhé%tﬁqgnp&nﬁ{eug@&&l\%& en

manuf acturer. For”exanple, mcroe ces Inc
DRAM f | agthenienowgs dARISGR, opruvweplyws shafliimagenide, lidrs,podditi psmal adnhougt iod
array chi 0 of .devices or_co nents. Accordin

the i nven 63}11?2{3@011”%?%#? &n%?%%n eéxé%p aygrs gﬁ’ﬁﬁ?(ﬁer@%ﬁ% aet S@Pﬁ"?‘?ﬂ Afouht of
CLAI M5 | /coystatlization odcndedrid figedtanfaluho bride Jayen whkie clier hutladnived Wae refsitddo bn

2 M o1 06! CeLLON! £ RN SR QRIS haiRRO R SRS AT et

high temperature processing after depositing the tantalum oxide layer.

[0026] Figure 4 is a cross-sectional view of the workpiece 10 in accordance with another
embodiment of the invention. The workpiece 10 is substantially similar in Figures 1, 2 and 4,
and thus like reference numbers refer to like components in these figures. In this example, the
underlying layer 60 or liner has been spacer-eiched to remove the portions of the underlying
layer 60 from horizontal surfaces. As a result, the underlying layer 60 covers the sidewalls 54,
and it may cover portions of the spacers 39. Referring to Figure 5, after etching the underlying
layer 60, a plurality of capacitors 70a and other components are formed in a manner similar to
the process described above with reference to Figures 1 and 2. The expected advantages of the
capacitors 70a illustrated in Figure 5 are accordingly similar to those described above with

respect to the capacitors 70 of Figure 2.

C. Embodiments of Systems

[0027] Figure 6 is a schematic illustration showing a typical processor-based system 102
including a DRAM device 108 containing a capacitor or other electrical component fabricated
according to the embodiments described above. The processor-based system 102, such as a
computer system, generally comprises a central processing unit (CPU) 112 that communicates
with one or more input/output devices 104 and 106 over a bus 118. The CPU 112 can be a
microprocessor or other suitable type of processor. The computer system can also include a read
only memory device (ROM) 110, and may include a floppy disk drive 114, a CD-ROM drive
116 that communicates with the CPU 112 over the bus 118, a DVD device, or other peripheral
devices. The DRAM device 108 preferably has a stacked capacitor that includes an underlying
layer, a first conductive layer on the underlying layer, a dielectric layer on the first conductive
layer, and a second conductive layer on the dielectric layer as described above with reference to

Figures 1-5.



form ng a conductive |ayer on the underlying |ayer; and depositing a

dielectric layer on the conductive |ayer, wherein the underlying

| ayer causgg§hRsdie! ectric layer to at least partiallyegn gﬁhﬂ&%&ée

to have a higher dielectric constant than w thout the un yi ng

| ayer bei ng present under the conductive |ayer, wherein the

underlying |ayer conprises a silicate and the dielectric Iayer

conpri se taI OX de Ta205 m

wher ei n: S[P%e undLeJ‘EEn y| {r}llg ﬁ°£ ﬁomg’cén‘ﬁirﬂl 2%§p?fe‘flaﬁtffrtrl1lwgl f’cé% e“]%?ﬁgmtf)y%f the

and t he dovedtiet have bb@yclescrrbedrhmme‘@ puqiob@mfulms(rfﬁmh b thal heidue idedificatfons

claim11l wherein the. cogguctjv er £o i ses en|un1(Em 4. Lge

met hod of ™% &% Tt ?‘n“lat’flﬁ rSP’% "EJ F“'&%P ﬁ%‘FPE‘E% rEHRP e

si | i cat e ifvenBbr3nbt luaheh tbohke s;ﬁaﬂu Glateyigls ldeylegedeeaw hrﬁﬂﬁe Ve R@Al ddilinclude
5. A nmethod of forming an electrical onent for a

ﬁnRg% oel ecdPPHRE EOTHRRPFRIE Otheh HR i°apATHOrS deplyices H*&eraﬁh% ylepiges: affasy term
225 0 a WOLKRba6®ronik UeticBTisPuE@NAGEHMNE ] B¥Rlic Vet RBcHRIRI Ydvitds, Q¥R Tas
micromechanical devices, data storage clements, rcad/writc components, and other articles of
manufacturer. For example, microelectronic devices include SIMM, DRAM, flash-memory,
ASICS, processors, imagers, flip-chips, ball-grid array chips, and other types of devices or

components. Accordingly, the invention is not limited except as by the appended claims.
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depositing a dielectric layer on the conductive |ayer, wherein the
underlying | ayer causes the dielectric layer to have a higher
dielectric constant than w thout the underlying |ayer being present
under the conductive |layer, wherein the underlying |ayer conprises a
silicate and the dielectric |ayer conprises tantal um oxide (Ta205).

6. The nethod of claim5 wherein theluies | ying | ayer conprises

haf nium silicate (Hf Six0y). 7. The nethod of claim1 wherein
the dielectric layer has a dielectric constant greater than

appr oxi gI%i40 wi t hout bei ng exposed to an environnent above

appr oxi te?ynéooc after the dielectric |ayer has been deposited on

t he conductive | ayer. 8. The nethod of claim 1 wherein the
conductive | ayer fornmed on the under|ying |ayer conprises a first
conducti ve | dyer, SafgthrA etfeformingeaglepigalf enntnpapntc o mdesgeleryonisi deving.
a second,gopdyetive layer onto the dielectric layer w thout annealing:
the dielectric layer at an el evated tenperature in a separate process
after the diel ectdépositiay en uindeslybgdayedeoaivioekbiar; t he first conductive
| ayer. 9. he.nethog 3f @%ainné w@;rein t he conductive |ayer
formed on the undSPASFRFdUEe ByRL Beandetyngdeyesstduct i ve | ayer,

and wherein the mmm%urdtmﬁa@y@bhﬂ%oﬂ&mﬁ% Loy B wher@RGRE nderlying layer
conductive |ayer onto the djielectric |ayer wthout crystallizing ghe
dielectric layer at anc@8fsviag éﬁlet:@wﬂ@fea{wéeqshpﬁtg@pwa@@%m@@gg higher

after the dielectric | ; ' ' : Y
ayer 10, The BeFRog ooy taf MASABRhL B8 By b ot bt
conpri ses at |east onethofcohdifctive taysy, [Wicedie tHeHuSlex Pk, layendomprises a silicate

zirconiumsilicate (Zr z%dxtgg dielectric layer comprises tantalum oxide (Ta;0s).

2. The method of claim 1 wherein:
the underlying layer comprises hafnium silicate (HfSiOy); and

the conductive layer comprises ruthenium (Ru).
3. The method of claim 1 wherein the conductive layer comprises ruthenium (Ru).

4, The method of claim 1 wherein:
the underlying layer comprises zirconium silicate (ZrSi,Oy); and

the conductive layer comprises ruthenium (Ru).

5. A method of forming an electrical component for a microelectronic device,
comprising:
depositing an underlying layer onto a workpiece;
forming a conductive layer on the underlying layer; and
depositing a dielectric layer on the conductive layer, wherein the underlying layer
causes the dielectric layer to have a higher dielectric constant than

without the underlying layer being present under the conductive layer,



the first conductive |ayer conprises at |east one of Ruthenium (Ru),
Pl ati num (Pt), Platinum Rhodium (PtRh), Platinumlridium (Pfir),
Chromium (Cr), Mol ybdenum (Md), Rhemum (Re), Iridium(lr), Titanium
(Ti), Tantalum (Ta), Vanadium (V), N obium (Nb), Tungsten (W, and/or
an oxide, nitride, silicide or carbide thereof; and the second
conductive | ayer conpr WQersinahe hedeslyingriey fcofpeids mushicaiet nd the Blektiria dager
al oy, Tungsten Nitride or . ,~tungsten (W, and/or
titaniumnitride (Ti N)CO"‘% 15eqt %8"1&&&%@9% ng a capacitor for a

m croel ectroni c device, conprising: providing a workpi ece having a
capacitor region; depositing an under|ying |ayer over at |east _a
portion of tRe caphemesiodrefgiaim, S whereisithe trderiyingdeyey icpmpiisey dafnium silicate
conpri s S licate; formng a first conductive |ayer on the

under | yi'ng fa’ger to forma first electrode in the capacitor region;

depositing a d| eI ectric layer in the capacitor region on the first
conductlvel p/nerelnt e dielectrjc conprises tantalum

oxi de (Ta205) and &neihpfefy ledy | @rﬁlnc%éﬁgle%tﬂ% Hiek et frigleqtts spnsit

the fir %trea@é?rtgéiﬁﬁﬂpY&mlﬁﬁéEf 44 Qithanethghi-gben 4 'aﬁleﬁ%}éﬂn&nﬁ BV anbrokidkly
wi thout the underlying |ayer being present under the first conductive

| ayer; &R8°C sitarithrdieleeitie dayer leas irdercdapesited ap éhe eondudtize Hiyetl. ectric | ayer
to forma second el ectrode. 12. The method of claim 11 wherein: the
underlying | ayer conprises hafniumsilicate (Hf Six0y); and the first
conductive | 8yer ThempletlzesofrdidimenwhstetrRh: codductivd &rysefonaed of ted @ideilidg
wher ei n:
layer comprises a first conductive layer, and wherein the method further comprises depositing a
second conductive layer onto the dielectric layer without annealing the dielectric layer at an
elevated temperature in a separate process after the dielectric layer has been deposited on the

first conductive layer.

9. The method of claim 1 wherein the conductive layer formed on the underlying
layer comprises a first conductive layer, and wherein the method further comprises depositing a
second conductive layer onto the dielectric layer without crystallizing the dielectric layer at an
elevated temperature in a separate process afier the dielectric layer has been deposited on the

first conductive layer.

10.  The method of claim 9 wherein:
the underlying layer comprises at least one of hafnium silicate (HfSi,0y), and/or
zirconium silicate (ZrSizOy);
the first conductive layer comprises at least one of Ruthenium (Ru), Platinum
(Pt), Platinum Rhodinm (PtRh), Platinum Iridium (Ptlr), Chromium (Cr),
Molybdenum (Mo), Rhemium (Re), Iridium (Ir), Titanium (T1), Tantalum
(Taj, Vanadium (V), Niobium (Nb), Tungsten (W), and/or an oxide,

nitride, silicide or carbide thereof; and



t he underlying | ayer conprises zirconiumsilicate (ZrSi x01); and the

first conductive |ayer conprises ruthenium (Ru). 14. The
nmet hod of claim 11 wherein the underlying | ayer conprises hafnium
silicate (HfSix0y). 15. The method of claim 11 wherein the

dielectric layer has a dielectric constant greater than approxi mately
40 wi t hout bei ng &xpesad dopdwkive inyer comeises atbiease oxpof Blatimen €Pty, aSFIBGEum

after the dielectric | agyer -has be epnsi.t e n t irst co ctiye
ayer 16, A 6T dangre SRR O ciabren aEND bRssReniV apdG
m cr oel ectroni ¢ wor kpimﬁﬁumq@ﬁﬁéi(ﬁj\?'gi depositing a liner onto a

t

portion of the workpiece, wherein e liner conprises a silicate;
formng a conductive |layer on the liner; and depositing a dielectric

| ayer on the,¢cond i : | i | . 1 ses
t ol um oxi 45 ( TASBE o e AORRELS AR ERbH By R RN 12
i ner is under thgoeditectonkeiebalyaing apacifoeregidae | i ner i s not under
t he conducti ve IaXer W t hout e })os':lj%% the dielectric | r to an .
envi ronment above %PBSPB&F{}H‘{“SF@ 1% den PYE -4t deash 2 inortng Pthile frpacie: reeion,
llayer on the conducti vighdréivhe underlying labér codpRisdtl iipdiedf clai m 16
wherein: the liner conprises hafniumsilicate (le Si x0y); and the

I

conductive | ayer Bonpe st pepduetivedayet Ro Yhe underlying layer to form a first electrode
in the capacitor region;
depositing a dielectric layer in the capacitor region on the first conductive layer,
wherein the dielectric layer comprises tantalum oxide (T2,0s) and the
underlying layer causes the dielectric layer on the first conductive layer to
have a higher dielectric constant than without the underlying layer being
present under the first conductive layer; and
forming a second conductive layer on the diclectric layer to form a second

electrode.,

12.  The method of claim 11 wherein:
the underlying layer comprises hafnium silicate (HfSixOy); and

the first conductive layer comprises ruthenium (Ru).

13.  The method of claim 11 wherein:
the underlying layer comprises zirconium silicate (ZrS8i,Oy); and

the first conductive layer comprises ruthenium (Ru).

14.  The method of claim 11 wherein the underlying layer comprises hafnium silicate
(HESi Oy).

15.  The method of claim 11 wherein the dielectric layer has a dielectric constant
greater than approximately 40 without being exposed to an environment above approximately

300°C after the dielectric layer has been deposited on the first conductive layer.

-13-



18. The method of claim 16 wherein: the |iner conprises zirconium
silicate (ZrSi x0y); and the conductive |ayer conprises ruthenium

(Ru). 19. The nmethod of claim 16 wherein the dielectric |ayer
has a dielectric constant greater than approxinmately 40 w t hout being
exposed to an environnent above approximately 300C after the
dielectric | ager Kasectbednf depiyy srededrical vempamuabt firi asmidraalertroni2 Gvorkpiece,
nmet hod of for.m ng a capacitor in a mcroelectronic workpiece,

conpri sicﬁﬁ.pnﬁl%vi di ng a workpi ece having a depression with a

si dewal | ; deposi t d¢i@sitink aNRer 6o atpohtRASH tRewbikplebs] VRS tHehReSEHEWRE] a
of the depression, wherein the liner conprises at |east one of

haf ni um si licate (Hf SisAtle: haf ni um al um num oxi de (Hf Al x0y),

zirconiumsilicat fbrﬁ@%gﬂ&%%&cﬁv@ Pént%}a QDM al um num oxi de

(Zr Al x0y); formng a st conducCtive layer on the liner in the
depressi on to fordemsiting stdidéctnixt lapeteyn thireoreiuntitehleydrj whdreindsheldiekettvie layer
| ayer conprises ruthenium(Ru);:, .deposjt] diel ectri.c |layer.in the
depression on the fi rs?c’“&%%%ﬁtf\lﬂé“ IO%r@%fgtaE?ﬁmf ﬁehl l?eﬁéﬁéi%%%"ségnmm
the dielectric |ayer t@héitheamst isp@idet el bnelidtist Mslel RNt WheRAAKE lider is not
dielectric constant of at |east approximtely 40 wi thout heating the
dielectric layer in a $&Paf ongrpessyarwithat muasiehe dgeid layer to an
appr oxi mat el y 300G, - anchihbRCbdve GEBHRBRRYONCY frdr BEsiHY R ietectric

dielectric layer to forma second e
layer on the conductive layer.

17.  The method of claim 16 wherein:
the liner comprises hafnium silicate (HfSiOy); and

the conductive layer comprises ruthenium (Ru).

18.  The method of claim 16 wherein:
the liner comprises zirconium silicate (ZrSi;Oy); and

the conductive layer comprises ruthenium (Ru).

19.  The method of claim 16 wherein the dielectric layer has a dielectric constant
greater than approximately 40 without being exposed fo an environment above approximately

300°C after the dielectric layer has been deposited on the conductive layer.

20. A method of forming a capacitor in a microelectronic workpiece, comprising:
providing a workpiece having a depression with a sidewall;
depositing a liner to at least partially cover the sidewall of the depression,
wherein the liner comprises at least one of hafnium silicate (HfSi Oy},
hafnium aluminum oxide (HfALOy), zirconium silicate (ZrSi,O,), and/or
zirconium aluminum oxide (ZrAlOy);
forming a first conductive layer on the liner in the depression to form a first

electrode, wherein the first conductive layer comprises ruthenium (Ru);
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21. The nethod of claim 20 wherein the liner conprises a silicate and

the dielectric | ayer conprises tantal um oxi de (Ta205)- 22. The
nmet hod of claim 25 wherein the dielectric |ayer conprises tantalum
oxi de (Ta20s). 23. The nmethod of claim 20 wherein the dielectric

|l ayer has a dielectric constant of approximately 50 wi thout being
exposed to an envil¢ronitppta disteewicapppeoxi thet ddpyes300 Cnafieefirst kenductive layer,

dielectric layer has been deposited on.t first caonductive l|layer. ..

24. A conponent for a ?F%‘gtﬁ%ﬁﬁrc?ﬁfsés ngwe&%c,mcc%ﬁf%? §ijlrc?§5.t Pﬁﬁmﬁycrys@hm
electrically conducti v lelve aRIdleddad tdigtad: dfl at SdastSdpffoxanslels 4006 Kafify
opposite the first side; a dielectric layer in contact wwth the first
side of the electrical ¥ Sgkauict layer dp etreBparaighpiossss tthe Hmyeeire  above

| ayer conprises tantal é‘;{?r&?fi.ngt‘él d3'6@2@5)nd and a liner in contact with

at least a portion of the second side of the electrically conductive
el enent, wherein fomidg asccadnpridseiveaagdr| orc tieedialectric slapayntbi fpum exd sécond
cause the dielectric '%%‘%f to have a higher dielectric constant than
wi thout the liner cont%t Or% t he second side of the conductive

el ement. 25. The conponent of claim 24 wherein: the |liner conprises

haf nium silicate (Hf Six0y); and_ the conductive el enent conprises )
rut heni um (Ré}- he method of claim 20 wherein the liner comprises a silicate and the dielectric

layer comprises tantalum oxide (Ta;Os).

22, The method of claim 25 wherein the dielectric layer comprises tantalum oxide
{T2,0s).

23.  The method of claim 20 wherein the dielectric layer has a dielectric constant of
approximately 50 without being exposed to an environment above approximately 300°C after

the dielectric layer has been deposited on the first conductive layer.

24. A component for a microelectronic device, comprising:

an electrically conductive element having a first side and a second side opposite
the first side;

a dielectric layer in contact with the first side of the elecirically conductive
element, wherein the dielectric layer comprises tantalum oxide (Ta;0s);
and

a liner in contact with at least a portion of the second side of the electrically
conductive element, wherein the liner comprises a silicate and is
configured to cause the dielectric layer to have a higher dielectric constant
than without the liner contacting the second side of the conductive

element.

25.  The component of claim 24 wherein:

the liner comprises hafnium silicate (HfSi,0Oy); and
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26. The component of claim 24 wherein: the liner conprises zirconium
silicate (ZrSi x0y); and the conductive el enent conprises ruthenium
(Ru). 27. The conponent of claim24 wherein the |iner conprises
haf nium silicate (Hf Six0y). 28. The conponent of claim24
wherein the dielectric layer has a dielectric constant greater than
approxi mat el y 40 the cholstiveeslaigent xpogréss tutheame (Ru)r onnent above
approxi mately 300C after the dielectric |ayer has been deposited on

t he conductive el enent. 29. The conponent of claim 24 wherein:

the liner copgri Se @m og@@;tofgggﬂgﬁwﬁ@fgﬁi umsilicate (H Si x0y)and/ or
zirconiumsilicate SZr x0y); and the conductive el ement conprises at

| east one of Rut H&AINeA coRPYisesmEiraenivin mlicee (ZrSH0ak ispdim Rhodi um (Pt Rh) ,

Plati num I ridium m (M), Rhem um
(Re), Iridium(lr"&‘a’|tgtrll‘lgJu‘ﬂ'rrlnEil'!?&rgl nfalum%i ,'Vanadium(\/),
Ni obi um (Nb), Tungsten (V\) and/ or oxides, nitrides, silicides or
car bi des the

. A,capaci.tor for croel ectro devi.ce
conpri si ng: éfl i nEpe EB‘F?B?I?@F ngg’i 2t cut 1%“’ma§?en}‘§?r I%RHSP%B‘@&‘“‘B silicate
cont act i(pggglxtj;)g | i ner;

28.  The component of claim 24 wherein the dielectric layer has a dielectric constant
greater than approximately 40 without being exposed to an environment above approximately

300°C after the dielectric layer has been deposited on the conductive element.

29.  The component of claim 24 wherein:
the liner comprises at least one of hafnium silicate (HfSiyOy)and/or zirconium
silicate (ZrSix0y); and
the conductive element comprises at least one of Ruthenium (Ru), Platinum (Pt),
Platinum Rhodium (PiRh), Platinom Iridium (Ptfr), Chromium (Cr),
Molybdenum (Mo), Rhemium (Re), Iridium (Ir), Titanium (T1), Tantalum
(Ta), Vanadium (V}, Niobium (Nb), Tungsten (W), andfor oxides,

nitrides, silicides or carbides thereof,

30. A capacitor for a microelectronic device, comprising:

a liner comprising a silicate;

a first electrode contacting the liner;

a dielectric spacer having a first side contacting the first electrode and a second
side opposite the first side, wherein the dielectric spacer comprises
tantalum oxide (Ta;0s) and wherein the liner causes the dielectric spacer
to have a higher dielectric constant than without the liner contacting the
first electrode; and

a second electrode contacting the second side of the dielectric spacer.
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a dielectric spacer having a first side contacting the first

el ectrode and a second side opposite the first side, wherein the
dielectric spacer conprises tantalum oxide (Ta205) and wherein the
| i ner causes the dielectric spacer to have a higher dielectric

const ant thaB mﬁt@gut thf I%qﬁr g@nbact[ng the first electrode; and a
second el ect Pode ABRYRREFRGT tiRE" SLWBHA i de of the dielectric spacer.
31. The capacit or theflinet @inpridés Wﬁqm@ismca{emgfgim}grangonpri ses haf ni um

silicate (Hf Six0Oy); and the first el ectrode conprises ruthenium (Ru).
32. The capaci t or tsfirgtielicpdaocoppaises mthenivm Riher conpri ses zirconi um
silicate (ZrSix0y); and the first electrode conprises ruthenium (Ru).
33. The capacitor of claim30 wherein the liner conprises hafnium

silicate (FIB%i x0yhe capacitor of 8dim Fhwherapaci t or of claim 30 wherein the

di el ectric spacer h a dielectric const reater than
approxi mat el y 40 f)ﬁe?ﬁ%ﬁonﬁ’é‘is?ﬁz“@?’b‘w 1 %QZFﬁq@ﬁ'iaF‘Gnrrent above

approxi matel y 300ﬁ£,eqfr§t@[ec{r3&@h@ri@ggrﬁ{hgmgﬂqggj_ has been deposited on
the first el ectrode.

33.  The capacitor of claim 30 wherein the liner comprises hafnium silicate (HfSi,O,).

34.  The capacitor of claim 30 wherein the dielectric spacer has a dielectric constant
greater than approximately 40 without being exposed to an environment above approximately

300°C after the dielectric spacer has been deposited on the first electrode.

35.  The capacitor of claim 30 wherein:
the liner comprises at least one of hafnium silicate (HfSixOy)and/or zirconium
silicate (ZrSixOy); and
the first electrode comprises at least one of Ruthenium (Ru), Platinum (Pt),
Platinum Rhodium (PtRh), Platinum Iridium (Ptlr), Chromium (Cr),
Molybdenum (Mo), Rhemium (Re), Iridium (Ir), Titanium (Ti), Tantalum
(Ta), Vanadium (V), Niobium (Nb}, Tungsten (W) and/or oxides, nitrides,

silicides or carbides thereof.

36. A system, comprising:
a processor; and
a memory device operably coupled to the processor, the memory device
including a capacitor structure having a liner including a silicate, a first
electrode contacting the liner, a dielectric spacer having a first side
contacting the first electrode and a second side opposite the first side, and
a second electrode contacting the second side of the dielectric spacer,

wherein the dielectric spacer comprises tantalum oxide (Ta;0s) and the



35. The capacitor of claim30 wherein: the |liner conprises at |east
one of hafniumsilicate (Hf Six0y)and/or zirconiumsilicate (ZrSix0y);
and the first electrode conprises at | east one of Ruthenium (Ru),
Plati num (Pt), Platinum Rhodium (PtRh), PlatinumIridium(Par),
Chrom um (Cr), Molybdenum (M), Rhemium (Re), Iridium (lr), Titanium
(Ti), Tantalum (Ta), \ARAGRUASF thg)dielagamsnansr(taibave arhlﬂg%rt@ﬁeth copsigniothan
oxi des, nitrides, S"'ﬁhﬂﬁﬁg%ﬁu&ﬁ&ﬂhﬂﬁg%ﬁﬁ?ﬁﬁgemﬁoe 36. A system
conpri sing: a processor a menory vi ce operably coupled to the
processor, the menory device including a capacitor structure having a
liner including a silicate, a first electrode contacting the liner, a
dielectric spacer having a first side contacting the first el ectrode
and a second side opposite the first side, and a second el ectrode
contacting the second side of the dielectric spacer, wherein the

di el ectric spacer conprises tantal um oxide (Ta20s) and the [iner
causes the dielectric spacer to have a higher dielectric constant
than without the liner contacting the first el ectrode.



