ELECTRI CAL COMPONENTS FOR M CROELECTRONI C DEVI CES AND

METHODS OF FORM NG THE SAME TECHNI CALFI ELD [ 0001] The
wWEe@3asa93é nvention relates to the design and PCT/US2007/067942

manuf acture of electrical conponents for

m croel ectroni c devices, and several exanples of the

i nvention specifically relate to netal -insul at or-net al

capacitors for nmenory devices. BACKGROUND [ 0002]

Dynam ¢ Random Access Menory (DRAM devi ces have

e 'TDE]}’E@’PM(,SM\J\CUMEDNEN'TS FO/R PECROERBETRONICAVEV ECES
capacitor. Hi g aC| ty DRAM devi ces typically use a

non- pl anar ¢ TH@DS@EE@BM@&THE§AMEY ench

capacitor or a stacked capaci tor. Al though non-pl anar

capacitor structures typically require nore masking,

depositing, and etching processes than pl anar
TECEARGQA LIgE pt ruct ures, nost high capacity DRAM devi ces

use non-pl anar capacitors, hi both non-planar and

pl anar _capacitors, a netal-insul ator-netal

(MM
[00051 r uctThee DEasenti dBentiory Helates af9adlie slseien ¢ #nde W@Cweg i electrical
com o ?st fhr ql"?éf‘o%régtro %( Ql'e&@las NBYse %@g%a}n?)ﬁe% d&a‘\ﬁg ﬁl%}mgﬂ Cspemﬁcally

om con ayers’separa
relate &yﬁaétal iﬁbﬂaﬁoﬁme&ﬂl dapaeitdre mrammbrptie\ng:sl ayers, vvh| ch are
also referred to as el ectrodes or plates, can be

of the sane material or different material s.
BA@&&@E@& of fabricating MM capacitors is providing
a dielectric layer having a high dielectric constant

[0002P t haby i€ RaAad eA s Dﬁnﬁf}O(BﬂAM) @®@vizapaaid Mlembsy cdls with a
gi ven thickness of the dielectric |ayer. Another

ﬁeldp%ff@ah’éwrst@fand alsppactor. ngfigumepacey eyices; typrcally gpsgnon-planar
capag t rusctI'ulc g nsillcP{ ag hcl ﬁ'&lcg ceaggcﬁl%c])f Iogener&lléd ch?a[Eith g%lﬁ‘lo non—planar

mnate current desira

capdcorUSteucured qlpﬁﬁtlijlrEqdu&ymbre\mfaﬁu@, hegbsitiiigs | andt etélting processes than
constant to enable snall capacitors to store the sa

planahﬁwlt%fstréﬁafegemﬁfttmgh 6W2FIEA PRGEM | deVisrs Usesnqnsplanar \FéP%F“OfS
both| I?J %ﬁs L ngfaﬁ£13caf>£e?tg%3¥ L AR RS MIM) R icture provides higher

teria ormng dielectric l'ayers in
capdbEAﬂce tapaghle higher densigyideviceyy Tmpeadi MBYIscapacifory Bave top and bottom

con 5 95 LT BB A28 B tors i

are h18Y Sterfdd @'Hsrdi’efé%&st FP1abd) Tue ¥k d6mpSsell RE thlepasink®bal or different
onto the rutheniuml a}T/er usi ng a vapor, deposition

matggtalec d3ns agpecg 0Dfahaeting gqp@glmq@@gprowdlng 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, a 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



tantal um oxi de has a dielectric constant of about
18-25. To increase the dielectric constant ofthe
W 2007453986 oxi de | ayer to about 40-50, it is  PCT/US2007/067942
subsequently crystallized using a separate high
tenperature process above 300C (e.g., typically
bet ween 600-800C). Such additional high tenperature
the BhQRAT S%iBY 14 %Xﬁ&ﬁ"cﬂo'# it 8 SubRPhdhy BrMdIiRd d%ﬁigeav@é te hi
© ﬁll?énpalct t}gfe t her mal d 1et uo ananzmg%turl ng t parate high
temperatmreq:lrme‘ssr aive DO%C o{eg Wallsmwmee 600:89R°C)e nﬁeqha@ddnt@nal high
cesses are.t Lly.avoi ded to. prev
tem 5331[1 18 JTPSessing 69]%&%?1 ytlhlet%amal] ?zflﬁg %Oﬁ”eegff may impact the thermal

bud 40 BAMbS thdtitid ¥hS micrdelcBtested Qévhdéﬁl Bbr exAEDE, hithl témperature processes
stresses in filmstacks. Hig n‘ger at ure anneal | ng

are typle@lbsay@gieért@ PeaveR @a@b@é@tw@ecfdh% Inpsy diffusinm) of WQQIF/F@PI‘WS and
gene?ﬂ%e r gﬁ@élr%lﬂggtr(?sg&sﬁa @%&a&%@ Cﬁ%ﬂ Jrg]:ﬂlte_laﬁg?ag gﬁrocesses are also

I'on
avoid&ll |b€cdil§e diesi malde réquirt omntamtalarmmLammmmng eprdéeduest thaic must be
layer with a high dielectric constant w

I nout .
integrHRGHS g Tetricatiomprarasin Bherefareatt would lgqﬁe@%%bg%wafpw & nplum oxide

dlel%@%%' &R &?@ﬁ_ﬁ%le%%kec%ﬁc%-t %gb fﬁg}eglgr%gﬁl% tt?rgalgﬁ%)gg'e at a high

temlteramsimaesetpiamm}browdsemﬂcmﬂwhe@mmgtcdI lustrating a
portion of a mcroelectronic workpiece at a stage of a

' i enbodi nent of the

B@E%&%@%@%ﬁﬁ%@@s a cross-sectional view

of an electrical conponent formed on the
[0004] Cr oefFigarer DNisCa WabdsHetivhabvidw Gulietnaticaily dllusatiig st poeion of a

of a nmethod in accordance wth an enbgdl ment. of the
micioplgelRO OISO 6T 2RiRASrY Bmetnod 1gagedqnce et &t Fwaodlment of the
inveRE@perties of materials for underlying layers in

accordance with an enbodi nent of the i nvention. [0007]

[OO(E) gur eF14 | S2 e}s Y 815 ?s—%e%ﬁ&#a? %J:w {:\tﬁ%t ¢ %%clnént formed on the

| ustr amcro ronic
m1c1@Ele&rcﬁﬁcﬁ%rlqﬁeoa cn‘:EFllg@Ké i nt aclarr deaige &)fvu hfetlﬁ»ﬂomhﬁf:ordance with an
enbodi ment_ of the invention. [0008] Figure 5is a
embedigiest afdhq nyeHionyi ew schematical ly illustrating an
el ectrical conponent fornmed on the m croel ectronic
IOOQﬁbr kpi Bgercot iFaggraph dlustrating| propertiet efymatsrials feptunderlyipg layers in

ace cgér‘(;lv CCe cﬂ Htoef'?ﬁ’e g{,&‘ﬁ% of the invention. [0009]
'gur e S a SCREnat | ¢ Vi ew of a systemusing a

croel.ectron vV W .
[000% el!'"lgure 2 {sca dc?rossCs(i"ectlonta{1 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.



el ectrical conponent in accordance with an enbodi nent
of the invention. DETAI LED DESCRI PTION A. Overvi ew
WO 0®10339Fhe present invention is directed towarPdr/us2007/067942
el ectrical conponents for mcroel ectronic devices and
nmet hods for formng electrical conponents. One
particul ar enbodi nent of such a nethod conprises
DET?!EEEEiBESM‘TI@Nde” ying layer onto a workpi ece, and
ormng a conductive |ayer on the underlying | ayer.
The nethod can continue by depositing a dielectric
A. | apRE-fy the conductive layer. The underlying layer is
a material that causes the dielectric layer to have a
[0019] gher’lg%! sib&at ﬁlklgnthQQ§gﬂébttecit tg%dvﬂéééﬁ%i cSFordREEH! Yidisklectronic
l'ayer bei'ng present under the conductive layer. For
devieoseamy Inesthdds doufotmirigyalevtridabhy@npapentsi ramartaubt embodinent of such a

or, another . praperty t he filmstack .that c es. an .
mete (ORFISE SARBHG B DG Y% PR, & oS Py SRRO TG @ conductive
layeMb RRUNIBRMAS Giyb0 PROREMHOd BarS&RARAS By Béfdkiting BREEISHE Bayer on the

anneal i ng process after depositing the dielectric
condvgties laggr. ohheoundedying nadigr is & materipbthat Sugesr the desteptiint lager to have a

. of this netho re te .be.very .useful f .
h1gh,F:ro cthnPecr:]télc Présitaéng ttH?aInCwﬁlgoslg (r&lse Wld%}l‘?])dﬁ% éaﬁ/ T dl?eé#%ﬁﬁe?ein& ufer the conductive
layef: OPGH éxainpleD Geatigerlying Yaya inGmipait AGtrActafnar abthenb@Perty to the film
tenperature anneal i ng process. [0011] Another exanple |
staclfthaf qREtasoah PHhertisd raparmbeusydidiecrite layeR énenysiallizg without having to

i r j p i r ; . . .
a8 St BB Bl S0 R e e MRTIAY dicletric matril
ontonteé battuctinad lagkas Sewerdl eliangla oflik metnd diaexpegted to be very useful for

capacj tor region and depositing an underlying.|layer .
formingsicleptric daysts V&l%gwgi%ﬁ&ﬁc f%ét%%taﬁsauff‘oxhe aynd jsih gjsgparate high
tempBRitQAnfr@ing Pobdler i nclude formng a first conductive

l'layer on the underlying layer to forma first
[OOﬁLeCt rﬂgcﬁhér% Eﬂ;leccﬁ‘paalﬁéthgi il fc%ﬁgnce%% HI%HH\?EIHHBH gsn@rected toward

tant al ‘um oxi de ayer in the capacitor region on the
fornfihg & tapacitd dietd memb@yderice dhanothred gpk i miprdéadgotronicglevice. This method
. .conposed of a terjal. or otherw se has r.opert )
inclydkR PIOVHILES VBT PaHiRER GRAEON 5ion B JoREsifing &g nderlying layer
overCRIEHEL Péﬁ%oh Y e daBadiRY Sogfori BIS Meo! 8k tirtHer SRNRIFBming a first
than w thout the underlying |ayer being present under
conduetve layet orc thedunderlying laygreto. fofthasfirghblectraderin thepapacitor region, and

fyrther include form.ng, a second conductive |ayer on
devsoiy S bl o5eoR ) dnS eRP At reB O ol “Er BB e tover. e
undérlyi BREGS EdpRE@BPh SatdriRPorSREQWibe 1R E PedpeM thal ¥ ised the tantalum
deposited onto the tantal um oxide | ayer w thout

oxiderlgyer #h|the firgy copductizg layEuin lave dehighey alieleqtriq censprat Hag without the

undearﬂzrﬁ%gafalyer}goeg)r{goﬁ%sse%t ﬁﬁ&e? the first conductive layer. This embodiment can further

include forming a second conductive layer on the tantalum oxide layer to form a second
clectrode. 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



the tantal um oxi de | ayer has been di sposed onto the
first conductive layer. [0012] Another nethod of

wo eooritsgg3@n el ectrical conponent for a m croel BCT/DSO0T067942
device in accordance with a different enbodi ment of
the invention conprises depositing a liner onto a
portion of a workpiece, formng a conductive |ayer on

on tﬁ@@onhh&ﬁ/'é lay%f‘ dhﬁﬁﬁ%ﬁﬂoﬂﬁ‘&n@ t8d @LR&HE '1@6% ﬁééearlﬁghctr R lectric constant
conducti ve I'n this enbodi nent, ctric

wheh glyedineh asunéelht gmdudu‘@l layer thian wden ﬂtealmer ismehundee thejcarguctive layer

i s, under t nduct.ive |ayer t.han t he Ilner o
witiolt 4h5ine’ OF SR TS o P b Pl Brprhg ik 300°C after
depsbit@lgaRé diclecthiaYBer é0tha Boteiivedaygnt above approxi mately

3000C after depositing the dielectric |ayer on the
[0013pNducEily endtRef @mboliRRhBbt Sinettod 30 ABRIan & RAE kKR erfion & directed

net hod in accordance with the invention is directed
toward fenmng ercmi)aqgoabscaq@mﬂmaﬁ woikpisco hirding g damsn«pme@émg a sidewall
and g%\élglgﬁg%%%g ola,I eg%'{n | n?y%{;\lle? e sbdZethalﬁ\g?}the (f% Iifgsrlo ThlS embodiment
furtiger deolel forimibde fASNIoREsdtive layEhbs tiheg inmnd dép#ésfsi@ﬁfto form a first

includes formng a first conductive |ayer on the |iner
elecirpde, Hepagiine astantalym exifde laysranthe deprespign op g first conductive layer, and
erfifRIH S A BT ARl SEd LIS BARLEA5M0URRuce T
linec ruimatetidethhtagaases ahe tdneﬂdmrcokaﬂe Uigeo X0 Ha/el aamelectrm donstantanf at least

secon elect ode. q liner is_a mat t hat causes
aPPIORENAIAR 49 WHRJH s ﬁ%& % t%@naoxaﬁ?ee?aaa M @ EBHaCaRfpcess at a
temp¥ratffe abERSIppRRAALAXYTRDR ¥t Aesith@Uhe ahtiRhAbLilZinEe E&Ression.
antalun1OX|de ayér in a separatée process at a
[001:4ﬁ gpte raﬁthlé SSI%%BQ ¥ tl?aolﬂ(/%]ﬁfe H'g}ee ?%%:S%f&ggwg{do%% 2%&1%3 é:p 'a@ Qomponents

for as@ecltcronfc Hévéces nandndystemsathat ticlude tsech tompsrdnts. For example, one
apparatus such as onents for mcroel ectronic

embgdimenk el e dneplion insdiragted IPHRI AT IB AN I8 A GHEREIgCtrges; device that

con?ﬁ?ég‘pa!geelecﬂﬂﬁlﬁ M'cﬁ?é"éleﬁfenttﬂaem NVERE 580 ahd a ALdoRE tsﬁi‘é a dielectric
owar a conponent for a mcroelectronic device that

layec onpmt@e sntarthe fiet side od Ithwelwm@ilampn@ceV@ elementhand adiner in contact

first sid ectric.laye
wit 11635t £ PAIOR RHHGF e 05 b B e ey EordhFingYiGhont” The tiner i o
mat§redD A€ Edu¥s BE 8RRDBtric 1 tPhdve BigheNdisRBtk i@ €bnstdrit Phadtwithout the liner
| east a portion of the second side of the electrically

confgetingtbe second Fideehthe efprdrigally é‘@ndugtl‘é@ element dn opg gerticular example of
ois PSR o Rl B st R0, DS, et o

(e.gl, FEAROG afdlosZida, M, dr behee biikiblei iaabdiafs meﬂﬂtpat'tltldedesued crystalhzatlon
el ement. In one particul ar. exanple of this enbqadi ne

or ofsg djejegisic RfepﬁmsSte dhe;digheptyig aver yahept anpsating @i Srlegtey sver after it
has ?@%} ﬁ%«gsrtedg‘r &P L%&atﬁ;ﬂ'ed e(ﬁe&lcallywdg‘h&gﬁv@riglep can be hcgmposed of

er su e materfals that 1'npart t
Ruthbagion ¢Riu)c R)Aﬂtealluhl @aidie ¢RuO;), Platinum (Pt), Platinum Rhodium (PtRh), or other

suitable metals with a suitable crystal structure that when deposited onto the liner provide a

stratum to impart the high dielectric constant to the dielectric layer. In this example, the
dielectric layer can be tantalum oxide (Ta,Os) deposited directly onto the electrically conductive
element. In a film stack including a liner comprising amorphous HfSi,Oy or amorphous

HfALO,, an electrically conductive element comprising ruthenium, and a dielectric layer



or other dielectric properties to the dielectric |ayer

W t hout annealing the dielectric |ayer after it has
whe@n/18Bposi ted. In this exanple, the el ectri cBtT/¥S2007/067942

conductive | ayer can be conposed of Ruthenium (Ru),

Rut heni um Oxi de (RuQ®2), Platinum (Pt), Platinum

Rhodi um (PtRh), or other suitable netals with a
com?Hhﬁ?%@al&rﬁyo?ﬁ@ aSSigiGLant enctkdrad 1ﬂ’\‘ﬁ1%rbr9§£9§dtlbﬁ GfAM Bantalum oxide

iner provide a stratumto inpart the hig

dielebind dayer |ogcuc:s3 rvsthant stlisequestlyliapheating ithe Itayzdum bnd¢ Hayer in a high

tem}za)%%?(b & lageg (ﬁd @?I sé{%ln(ir%s?a?h@%g E% tgrg]'fllr.lgll (gjx?de is expected

to c&ké ﬂié(a‘idlébﬁi@iaﬁém@ havel zﬂn%\efr |did@cﬁic%hsthrﬁ‘ébﬂ1§h1@ﬂ t@whéd @6 liner is not
conpri si ng anor phous i xOy or anorphous Hf Al xOy, an

presgnteoaithg @h?ﬂsyiedﬁmthem@nbllamnt conpri si ng rutheni um
and a dielectric layerconprising tantalum oxide, a
[0015] gni fM@wwtspeiCifmr@wéle off pertdireebydmerts pf theiimrentién aiealescribed below
tal u e el ectric | ocC it h .
wit o 1§/ n e gy 092 Baitely e gy fhpse; cpbgdiments. A
persbil glaué@nm& AHURSW BIed GRATSundersind (1P Sinv3RiBfrima acticed without
rystallization of the tantalum oxide is expected to
sevec%ltssfethmed@mbl etc pddigonah etails ath e caddedhitq il inyertianet Fpr example,
althwg@% otllowm d%r egle% ?})f qu L}?%féoﬂdlesulrr: ne;a(reartgs %%i%?%%gwlth(me invention
are S{pAinddi 1ﬁ tﬁte&cﬂlltéﬁ o0k cakite for e mntbryredlt sf ODRAM device, the invention
i nvention are descrjbed below with reference to
can e ggplied tp. ethergtyBesoRd electEcal repwoRemisuiddhe Whes plgdeyices (e.g., flash-
merh 0 R ERC G B L pho R bl G WBLHE 1Bleks wit high diclectri
congband)t i ced Wi t hout several of these details or
addi tional details can be added to the invention. For
exan

B.ne

[00 ;I%l aleqelg]alcgost he CO fy?%vt%ll&ﬁﬁ%lq%%\%ﬁt{u%]g# afcvg?]rkBlgce 10 at a stage
of f&ﬁﬁ’ﬂlg £dagabit@tJTRI DRXNE §ex£i’<fe 8l 286dridrea with ORI rSerit Bf the invention.
ot her types of devices (e.g., flashnmenory devices or

At tcthh@agee wiedmiecet H)auncwﬁaau substraiﬁmlau kevingt gite qxaiﬁelreglons 14 and

di el ect rj,C onst Enbodi.ment
sourgf/dra%n ‘hl%fl Tc %nﬁejr%t sfhan H)SE!Iﬁh fljldes a pﬁ'lraﬁlty of gate stacks

30 anlig¢ taﬁéo@ﬁted@@ﬂpﬂﬁ%ﬁfesox[l&}b@bné:l@ hlﬂicﬁor]thb 81fﬁ151on regions 22. The gates
cross-sectional viewillustrating a portion of a
stacwﬁ%ndéd dénclden oxidg lavss 3352 cmﬁﬁifp%gﬂhcq%léwé pthcr silifgidgyregion 36, and
GR |
n R Rk 38 o Ere G R i AR RO onl g 20 In e

exarapib shasvat ;m Elguﬂedv Ihlaggageasttaa:ksﬁ[) dad tregioonspotding diffusion regions 22 form

acce?%&{iq%géo% {I]I&Fg'@ ng[e 1*}'} i %P 5 }? gipgrl]fgeytel\émc{éﬁ the gate::L gtacks 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 patterned and
etched through the insulating layer 50 to expose the upper surface of the conductive plugs 40.



30 and 3 1 associated with the gate oxide regions 14

and/ or the diffusion regions 22. The gates stacks 30
w@nw7333036 ncl ude an oxide | ayer 32, a doped poPgFUK100D067942

| ayer 34, a suicide region 36, and an insulating cap

38. Each gate stack further includes dielectric

sidewal | spacers 39. hi the exanple shown in Figure 1,

The tHa®s 02t sccaiﬁfgsi hat: siaewiies£ s RmPap %Jﬂ&htﬁgflﬁﬁ'%n The diffusion
regions 22 formaccess transistors for nmenory cel
regignse2d gqte dtaﬁksl %ﬂsani Honluga e prd Balep§2 shwngatFeglsc é@k%orsoexample of
an ePirdhniant CI f e&%tnc Soniy gntl Iug] egco; [ th % tion can be used.
Vi et the ™ wor prece PP G Ao 7S caflfld‘é% C enH’lY SRS
As spth) gthefl € dapll v thedinitibn @fay a6 incladd sugR bteuctiras ks 30 and
31, and conductive plugs 42 between adj acent gates

[0018} ack 1BChis [eﬁ@i@)aﬂneﬁh Qn WRFiKIRkR6 Of ifminy 4 &@ﬁcﬁdﬂ ‘ébﬁlﬁﬁ&s @Bpositing an

i nsul atl\%g ayer 50 having a pl urality of holes
undglyn@dwr tohtot the wodkparee tL Ov dhp hudgslying layeh €0 shesa latﬁlzige 1 is a liner

that cg atqeasl.c Eanga f O hosmﬁes I51|dI v rlglsp%ﬁesi's %EPS?%She all),lggs 40. In

ano er Sul ric erla o’Ie

sevekal Iptdfﬁ'l'ddyexﬁﬁbte@ bﬂﬁﬂm@ﬂdm@k&h&ﬂicb RidUBE inkyBition) fhighvaliérfiGing layer 60
| ayer 50 to expose the upper. surface of the conductive

compyises siligafesy|oxidss| ad/on othsemaickplfg Syltt}béﬁx%ll@iteéefwhp gndgrlying layer 60
{
1nch%d%rlﬁﬂgltlﬂté sgtﬁgﬂg Pllf%la(t)gqu/lgfl&%opﬁ\gl s1}grﬁ ﬁz [Tofy g %lhogﬂﬁs include

hafnium F(I))gdﬂ‘ eha]fnmrre abumeinema ogide (Han,m)y)? ranidfop nzikhivimn aMrhinm  oxide
| ectr.ical onents in _accordance with the invention
(er@é?v) beVhsg Be TiyneHayes O s h%él&ﬂwgga&‘o?r hafpiumluginugpoxide, it is

gend?BY, BQbsitdachigle ?S‘r &dokiibi p ?&:esi QO&BLs bRerkiBiiSyapor deposition or
enmbodi nent, an |n| st age of formng a capacitor

atongo igyet qusxﬂlep,om g tenrg)emwra mﬂ @pblybxm@telm%@@ -480° (o sodis¢ussed in more

deta g) %‘f‘iﬁ%ﬂi}? F}ﬁ%ﬁyl&}%gaé? {s oioggjg)fed 0 Ssaslggiy]?tias pr cognplex oxides, it

1mpmrat higherQfielédtfc SoridNBLd £ taathlun® PRIAE dfel2Bic RYSH tRdt i§ BEposited onto a
Cg@u gs 40. In several C{;r eferred exanpl es of nmethods in
con

6y aserdbatygovers threundsthpng ilayar 69. hEhe waterlyipigdayer §)chovayyer, is not
ates, oxides, and/or other materi al s.
hml%%(%){hﬁ e sﬁjloinlggst es for t he underl ying layer 60 include
f ni siljcate and/ or. zi rconi ym Si )
00185 & e A5 b syt viPR s B Arrkegs 1 SRb constructing
capabﬂ&’@lmr[h%bﬂ gﬂﬁdﬁh@hbl&'@ 56 Fdﬁﬁ:feq')% Pitdéaphciord O RcUille the underlying
en

al um num oxi he underlying | ayer 60
layet 60 plang thymlcgwallé at end pvqﬁahmmmraﬁ?; gid{oihe pmé 40; tThe gapacitors 70

rotf8E 1 by ESBR eS8 sl Do BRI IBARRE b O\ B8R 3 er 74 on te

firstdefdusiivd ayer 7af aidl 4 Lomer @hdumveiay&lﬂlﬂ @Xﬂlﬁﬁieﬁcﬁ‘lcﬂ% 4%01n the case
OC. As discussed in nore detail bel ow, when
of a gaRasHety theglislends lager T4is aghislerdicisraperdhrtican hPlud@aQb@ggeofPr a period of

time: q'ﬂglcgﬁ(clcﬁ&(ﬂ FESn flulther include 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), Iridium (Ir), Tantalum (Ta), Titanium (Ti), Vanadium
(V), Niobium (Nb), and Tungsten (W), and/or their conductive alloys, oxides, suboxides,

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



inmparts a higher dielectric constant to a tantal um
oxide dielectric layer that is deposited onto a

w@ondnssee | ayer that covers the underlying | BYEUSH07/067942
The underlying | ayer 60, however, is not limted to
t hese conpounds. [0019] Figure 2 is a cross-sectiona
vi ew showi ng the workpiece 10 after constructing

layef 3P @6ibASSE rifhehiint OThE SRR cBUBN ERy&27d K Q'elédén&)electrode or top
The capacitors 70 include the underlying | ayer 6

electipdsng Thpeseeindetpndugtivsalayerd7@ver comprispRetesiugy (Bmzi/Pdatmum D,

Rho?ﬂfﬁls{ﬂhz‘ oPa ?mﬁelg} ayer i}‘%‘l {) 7 og’ﬁé}é&lqﬁ{ S/M‘?r’g IRI%I%HRH é%?)’ Titanium

(Tl),aniaéiuﬁﬁ(\fa) CNiobiuat (NH), Dimgsiea (W)I &id Tacatug (Tabeaﬂd&)teheir conductive
and a second conductiye | a 76 on the dielectric
alloysa%ﬁewlbome% H&ﬂgﬁs@b&m%sc%bé%st Phcatgspandfaghigest rj ¢
| ayer 74 is a dielectric spacer that can hold a charge

[0021PT @ PRY diekciBit 1yef B4 glRalRARAGIEY a Adtei@Nhdvitid §@lelectric constant
i nclude an insulator layer 78 over the second

of attna@tmpprqxenmalyéo when {lqrosityd orte the fisst censiyetine jayer T2ayithout being
CLIO t
R hefobd BobeFAe Sl Sl O ShaGkLag8 TPer e v
dechitéd i thm:)(aﬂtp)le, tl?éiﬂﬁaﬁalctim leiat)74 ﬁbfefﬂblwmlﬁﬁs)ss tantalum ox1de (Ta05).
nun1§ Rhem um (Re), Irldlug%élr) Tant a
Sucl( *Fat)mtalm% qude MC laxﬁéﬁéoqag,he(dyposqqp qj];he(fﬂgt) congﬁgpve layer 72
u n t hel, [ boys X
oinf YSGPEP ol B o, I SRENR) L5, 1015 QLG of s
embadichegtsrd] |thtegl,veltt10nas ﬂpmmef dicledniaybe74 ndrmafly ds¢s not have the desired

oGS RS TS T30 SRt et B rying oyer o
is uBd@Cthé GR&. cohdfctbRCRRG TONARet diMecthidVBfer 78, EaNeXe@if,| 8 have an
Rut heni um (Ru), Platinum (Pt), Rhodlun1(Rh) Pal adi um

amofhgyis stmqtlgmvmh g d]e}ectr;qmoylbtg@tnlgw t{lm)le whish i @rﬁepp@t)ed onto the first
AN Ti .
conci[{u;&?@%ﬁ% 7%&‘!?1, %(Tug%{%?ﬁ:{g%ﬂq 8rré\(!t cgl:tarléml%h% U&)Pgéﬂgg Stfle of the first

condiich@@/&yerom, testhe didexicdlagsr 74idan ihawesa c@ntblinlnb lstrﬁteﬁr,e with a dielectric

sui ci SI|IC r bi 0021
consigng FRidethan 40, BF i “&g‘ﬁg%ﬁa]@ f%ﬁﬁﬁ?ta%‘%t o FRieing gpeTace of the first

con(hﬁiﬂl@ GayRr AelRRbEL GsifP RS ipRiarcO highl tel furé AR5 s Q@téﬂ's‘t’a]hze the

0 when deposited onto the first conductive | ayer
dlelwtmm byer Beiafigr dnime dieenl doposseherAs sshpitos aws dlep matealal or the post-

depc%fgtlns;glgl{r?géegsrigg:gf ﬁl\é)eéié%gﬁéofa{y%? Ité’ellt3 tg?c,)tﬁzl;rg\];lﬁ%s tgF %Jigllgdlelectnc constant,
but Rtk SRAINbiGAIIAIIf IRS uﬁ@ﬂmF WP B0 Sheth(tha Ziea Jeonduétific fayer 72 and/or
tantal um oxi de dielectric. |layer 74 can be dep05|ted

the ¢plegsrie kaver 14 that impadtit high diclegirierconstanide g dielerificolayer 74.
deposition process at approxi mately 300-450C. One

[002%5]\’pectlnogneS %ﬂ&ﬁﬁ’é example of the invention, the underlying layer 60 comprises
hafnium oxide (HfO,), hafnium silicate (HfSicOy) or hafnium aluminum oxide (HfAl,Oy), the

first conductive layer 72 comprises ruthenium (Ru), and the dielectric layer 74 comprises
tantalum oxide (Ta;Os). If the hafnium silicate or hafnium aluminum oxide underlying layer 60
was not present, the vapor deposited tantalum oxide dielectric layer 74 would be amorphous and
have a dielectric constant of approximately 18-25. However, when the hafnium silicate or
hafnium aluminum oxide layer 60 is under the ruthenium first conductive layer 72, the tantalum

oxide dielectric layer 74 crystallizes without undergoing a separate high temperature annealing



enbodi nents of the invention is that the dielectric

| ayer 74 normally does not have the desired dielectric
W@ ngt133986 of approxi mately 40-50 wi t hout bei ngPEROERDT L7942

unl ess the underlying |ayer 60 is under the first

conductive |ayer 72. The dielectric |layer 74, for

exanpl e, can have an anorphous structure with a

procdbLIfRE It b Eb&ariSpettd.| S§h iA8oNBLMe itdntdl$m SRR HidI&Gkic layer 74
onto the first conductive layer 72 w thout the

using gg FHPOn gr HeAePy Buer cinderdbe futhgnivine caajdpetiverigyes (12 fcauses B tantalum
ox1c#e|1§eléét15,zifa¥&%gt831tg{lé; £n lgégrec[l?lggmc Q&ﬁs}a‘é}g Jl?l&ea?%/\/l tg)t rl!al‘i:talum oxide layer
thatdi eieﬁdsﬁtbdl ®no ASsfuthighiuAD torldastivet fager Withouttthe tulﬁ&erlylng layer 60 being
underlying | ayer 60 contacting the opposing surface o
preste 1 et o oe: s 0o SelgetTio foeL o g & Selsiri canstant of
appﬁkmtag%@%a{dﬁt Bl B5A29 Jeﬁar%ya?&l@éhhg %@oJeEbewﬂéx? #eChirst Eonductive
| ayer 74 after it has Deen deposit , 1t 1s
layend? istritbenramend e underying ]w@t@epl:l@i, HEBi. Py, oc BEA10g  of
the dielectric Iayer 74 itself that provides t he high

heleckric. co but ather t n of the .
00 Gor P PR “Bhaniplt, FreciBlr SRR Lel et coofrents in
acco&M]k@ﬁvlth |ﬂﬁe 1dV@it16ﬁ fig thet thamerecﬁﬁé 14yeAT4 haspatipts dialebiri@ Ronstant without

dielectric constant to the dielectric |layer 74. [0022

havigg te, ﬁ‘é’l%éléﬁ wp@(pg,ggﬁ?) RSCRATate Rangalns REACETS, afte, depositing thg dielectric
er Y,

IO £ GRS A 4 i s s

temeriitide @bthedmeamjraﬂs'ma’(cbnmm(\?@ dfiy dhe P@tabommxideelayers have been

ni.um ( |electr|c l.ayer . rises
depdeiid P dRR ke 5 S fork SERE irrmiotiidhis GEFRG pomtant of 15-
25 th kb 'éf?sﬁllﬁ@vﬂm Q?éleéﬁlc%ﬂﬁﬁﬂty)'f rbRivRkelP 90. VeI RO bxisting systems,
present, the vapor deposited tantal um oxi de dielectric
SqufQiWéﬁmIMS ootlie @rqgoentawmnpm use thendealyimgdayer 6 apdarithe first conductive
layeﬁ 9? ’?ot c%ﬂge (ﬂ%lﬁ&?l? ﬁagle {oehaxe %%a%%5d1e1€'?h“§ U&Hst %Nh ﬁﬂoutt tﬁg ng to undergo
rumsiTicate-or afn ium de 8‘%

a sepdtake fanhdating ptdeessioudtlier hiph te@pétbitted p&ecdsay% sﬁ& sé\hﬁﬂ embodiments
tantal um oxi de dielectric |layer 74 crystalllzes

of thij RIFRGBE VTSR BERVELP aadlgléﬁtyﬁ e Hithi# hghdeleeirig cgnstant and mitigate or
B0 U RABSSRR oo Shon, 095w OB 48P R o s
assogidted s¥ithchiginterifpSiat@y amealiigpme@skdswamrenthdsed tohform crystalline tantalum
k{utheniun1conductive | ayer 72 causes the tantal um
Sxi de dielectric layer 74 to have a higher dielectric
constant conpared to a tantal um oxide |layer that is

[002¢pOsi Tiedweorkpizcall 0 var@idictyan fadiid pedcesstng ta\compldtd the iemory cells on
the underlying | ayer 60 being present. In nanY cases, .
the wREkpiesat JPU ﬁ?f"é‘ml%i éh%l W@F@&CP i 13 qenfwithep ingluds apother dieleciric layer 80

dep&'it@él R i aﬁc?ﬂl‘é%%dlﬁ&%'?ﬁ() Sfhe m]élg&ﬂﬁ layr 80 can have a
und ergolng a sepa ate anneal g process en t I rst

holec&h (dxmendmg dbw;aetb the pﬂug At hemmduntoadd inhbe totbe8,yandgan electrically

con&uc}/lve bit ?me %6 connected to ‘[he(%/onductorl_géfo‘I Ac(:%lordmgly, the electrically conductive

bit line 86 is electrically connected to the active region 22 under the plug 42. The array and 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



[0023] One expected advantage of several exanples of
el ectrical conponents in accordance with the invention

WO 2000h3393¢ he dielectric |ayer 74 has a hi gh di BC'BEUS200T067942
constant w thout having to subject the workpiece to a
separate annealing process after depositing the
dielectric layer 74. As expl ained above, existing

Flgqi)é oceharamaphedl silicoit Alidbamstpheudliaglaid bkide| GY@hdp@us dluminum
nperature of between approxi mately 300- 800C aft er

OXIdFr?ée B 281 S0 RP geysiadliration Rhg dntden qatecb‘olg e fop of the conductive

g
rgEAOE 5L LB SR SHRRER, A UIGRARUS, il ven
ruthevioth waslidepesited | en @mmplmns }mﬁnmpponde rtitees, yorfh.a sinkil ke&mount of

systens, seve exa t he present
crysfiftzalio 9 R cERtunt Riter s STBYES oHolAtReY o NEnfiep amount of
crys@atiet 'ob’(ﬁmle@)ﬁﬁr thzazaﬁtﬁ?luﬁlaﬁ)%ﬁe diyRl Qfehi the |rﬁﬁh@ﬁ1u1¥14wt39 deposited on
have a high dielectric constant” without having t

amogthaey Jefnins sibigstatos amenehons hafpinp ebwymon ogidedlinely yhhout additional
ot 5 er al s &fihgdi ment s of
hlghtt 1 egé@ée §c£§1§%§1?e? ‘de 1tﬁl'\“¢qge tantaly e(?deet i) 2 : g;jgr SWIO th

a high dielectric constant and mt| gate or elimnate
[0026bncer]?igumelgiarachrm§ -sbetiomakviawidf itheyworltpipes 10 éh ﬁcfcbﬁiaﬁcﬂ: with another

embRTGIH, eI QPP RFop D S Raen G by Ay g b 2 and 4,

and THR& K6 Fofsteadd ﬁdﬁ%&@&?@lw k& ¥brHFonehQ P Hesel hgur\epr ﬁpﬂlﬁce%ample the
10 can undergo further processing to conpléte the

undeviyingr yeredl er hrerthae bagy mp@c@cheﬁdo rgn@mpﬂhe pottfpms of the underlying

an. furt I ot h ectr
oyl 8 BB bl Pt VS ol A Tn RGP0 B S wans >
and ﬁaﬁkﬁﬁdotrélf Iﬁ)rﬁ(ﬁhs oflike spaedregor R@fehﬂ)ge!b F88uré 3Nafted \é@hihghBé Bnderlying
82 ext endi ngf down to_ the plug 42, a conductor 84 in
layet 6% aRjialify0f capesitgr Kegwd nﬂteapwypwmm% fopmedh in a pigpger similar to

the ﬁ@c&?@&@ﬁl}ﬁ%dabt)% gﬂgtrlgf\%% Eéf%oqf F%és (?Qr q';h@ al eicgeglrﬁlavantagcs of the

electrically con ect
capaciters 66t gtustatetihia Bigtieve areegicordily windlar to hbospldegcrtbzd above with

Th a nd_th eripheral circuitry are then
reSpE%ﬁop'i %%‘@%fﬁﬁ@ ?E%H ues known in the art. [0025]

Figure 3 is a graph of grazing angl e incident X-ray

C. di Efbaditiear of Sh¥BRH) data that shows the material of

the liner plays an inportant role in tantal um oxide

[0020T yst ahgmréa»tﬂs QNschérdticOillbgradion \WAGing AR FIBA] Yo cebdor-Ba%Rd system 102
oxi de l}ghous t ant al um oxi de, or armr{ihous al um num
mchmgdéw gige 488 |cppiaining %ap@w;ostoanﬁheza Figigalgfomponent fabricated

acco?(fh[ﬂé1 ﬁo%?mérﬂy QESC Be({ le ILE Ogjr%@&%cg%ké/des Steﬁl 1%2 such as a

eni Um ayer was o serve seque
comp@apssa, igengpalycangirisgs a W&t&l‘al ptdcb&mgunmw(@sl’[ﬁe]ﬂﬁsthit&ﬂimmumcates

..on_anor phaus haf ni ym, OXI onl I n
w11:ho e or mgreompu output ev1ces 1%3 6 over a bYlS ?lgc'.naflhe (ﬁ’rﬂ) lfl% 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.



crystallization of the tantal um oxide |ayer occurred.
However, a significant anount of crystallization
w@ewonsmwaes i n the tantal um oxi de | ayer when t hePCT/US2007/067942
rut heni um was deposited on anorphous hafniumsilicate
or anor phous hafni um al um num oxi de |iners w thout
addi tional high tenperature processing after
[0028FPOSI fibR0 tﬂeh?oréﬁﬁ‘ﬁ 2l {miaxhde %@M%d th_QcOg&Lifﬁ' gMb&difhents of the
IS a cross-sectional view of P e workpiece 10 in
invenig@ohayabeen ddstibedrisrdie forutppdésmdntiustritioth dut raevarionn modifications
he rkpje 10..1 s.subst ant.i al sim.lar.in Figutes
may 03 iy WIHSIT Gt 651 B Pk B feele P iRE Bl ¥ pramle, the
invehtidLis GRIRANED {5 the RpédifS Mafelialg disesdd atohé, an@ t@d Ml éntioht@n include
underlying | ayer 68 or liner has been spacer-etched to
formiggygoraPneBts prhar| thars carcite forndrvidey iofgr tharelPRAYI devipgs. The term
o ' K u '
micfbEAB Modid” 1P YER 1S BgLCR etk WnHABREOKADE, JRIEE, such as
microfnethapicspdevces, 3Ba stRedgerdl¢nmants, oeddiverite eopondrtgrand other articles of

et.ching the underlving |ayer 60, a plurali
manGlaEiEy il SPBP e PRt vt el S aSRk AN, flashmemory,
ASIOBNPRkessbdA] hﬂ&f{_geﬁs? fhiL8hips, %ﬁ?iddﬁ'%f tHeY RBWVBerybdy of devices or
reference to Figures 1 and 2. The expected advant ages
compénentse Asaprdighyo the irGatipn jsot Hmitedlexcaptiis §u the @ppenrded claims.
accordingly simlar to those descri bed above with
respect to the capacitors 70 of Figure 2. C
Enbodi nents of Systens [0027] Figure 6 is a schematic
illustration showing a typical processor-based system
102 including a DRAM devi ce 108 contai ning a capacitor
or other electrical conponent fabricated according to
t he enbodi nents descri bed above. The processor-based
system 102, such as a conputer system generally
conprises a central processing unit (CPU) 112 that
conmuni cates with one or nore input/output devices 104
and 106 over a bus 118. The CPU 112 can be a
m croprocessor or other suitable type of processor.
The conputer system can also include a read only
menory device (ROM 110, and may include a floppy disk
drive 114, a CD-ROM drive 116 that conmunicates with
the CPU 112 over the bus 118, a DVD device, or other
peri pheral devices. The DRAM device 108 preferably has
a stacked capacitor that includes an underlying |ayer,
a first conductive layer on the underlying |ayer, a
dielectric layer on the first conductive |ayer, and a
second conductive layer on the dielectric |layer as
descri bed above with reference to

10



Figures 1-5.[0028] Fromthe foregoing, it will be
appreci ated that specific enbodi nents of the invention
whaone/ 158986 descri bed herein for purposes of PCT/US2007/067942
illustration, but that various nodifications may be
made wi thout deviating fromthe spirit and scope of
the invention. For exanple, the invention is not
limted to the specific nmateaiM$s di scl osed above, and
the invention can include form ng conponents ot her
than capacitors for devices other than DRAM devi ces.
LWVT e.term"mcroel ectronic device" is used throughout
t 6% cl ude ot her nicrofeature devices, such as
m cronechani cal devi ces, data storage el enents,
read/wite conponents, and other articles of
maduf acAumethodFefr faswingp b elagiriopb ebrepeneohifer aevicmetectronic device,
conﬁp&h de SIMM DRAM flash-nenory, ASICS, processors,
Pﬁag'rs, flip-chips, ball-grid array chips, and ot her
types otlefbeiting @s under s ENORE S 2 vASESIEd ngl y, the
inventign iis not limted except as_ by the appended
cl ai ns. BRI qondictive Jaygy on the andgslyingdayst; a8r ni ng an
el ect r ﬁﬁJosff@gﬁQﬁ@é&ﬁé 2 er"'bnrﬂa&fi h&ﬁ}eq h‘-‘wl?e‘?éih G underlying layer
conpri si ng: positing an underlying I'ayer onto a
wor kpi ece; f causgsrthe dickzotnid Uyt tochavay bighenditlberic constant than without

underlying | ayer; and depositing a dielectric |ayer on
the conduct i P& upagriiE laFrePeink PIoen! AR M AORGIqtEYG ver
causes the dielectric layer to have a higher

dielectric constant than without the underlying |ayer
bei2ng prbemgthodefielpint havhersiducti ve | ayer. 2. The

met hod gf cl.aim 1. wherein. the.underlyvinhg.l-ayer

compri s e Wi b Bl rafi i Bl uct  ve

| ayer corpoh&REvE layErenmpisdsRutheniafdRupandi el ectric

| ayer conprises tantalum oxide (Ta2®) . 3. The nethod
of ~ cl ai McHishpréiielaner comprissdatalynpgidedeOstonpri ses at

| east one of hafnium oxide (H O2) and haf ni um al um num
oxi de (Hf Al xOy); the conductive |ayer conprises

r uBheni Uhe (Rpd oficldim 1 wherein:

the underlying layer comprises at least one of hafnium oxide (HfO,) and hafnium

aluminum oxide (HfAI,O,);

the conductive layer comprises ruthenium (Ru); and

the dielectric layer comprises tantalum oxide (Ta,Os).

4. The method of claim 1 wherein:
the underlying layer comprises at least one of zirconium oxide (ZrOy), zirconium
silicate (ZrS1,Oy) and zirconium aluminum oxide (ZrAlOy);
the conductive layer comprises ruthenium (Ru); and

the dielectric layer comprises tantalum oxide (Ta,Os).

5. The method of claim 1 wherein the underlying layer comprises a silicate and the

dielectric layer comprises tantalum oxide (Ta,0Os).

11



the dielectric |ayer conprises tantal um oxide (Ta205)
4. The nmethod of claim1l wherein: the underlying
WO 200en33e6pri ses at | east one of zirconi um oxi BET/US2007/067942
(Zrox), zirconiumsilicate (ZrSi xOy) and zirconium
al um num oxi de (Zr Al xOy); the conductive |ayer
conprises ruthenium (Ru); and the dielectric |ayer

COBPr i S¥he oAl sR18K §evHcIar 88 silidate THBpRE RO®a®f one of hafhium
claim1 wherein the underl%l ng | ayer conprises a

oxidej(Hf Q@A+ hafiyna stlisatedHEY iy pndhafaiper alumimgm axade EHALE UM
oxide (Ta2®®) .6. The nethod of claim5 wherein the
silicate conprises at |east one of hafnium oxide
( H7O2) , Thahmreihot iclaimat ehdreth She yderlging 1@t Borphises a complex oxide
| um num oxi de (Hf Al x . 7, The pethod of claim1l
anda]‘?éﬁn%?cﬁn‘i ﬁ@erlfﬁﬂépﬁiﬁitﬁﬁ%?‘%y’éfdeégﬁﬁ%?-ses a conpl ex oxi de
and the dielectric layer conprises tantal um oxide

(Ta20 ). 8. The nethod of claim7 wherein the conpl ex
oxi8de cdhpmietiesl off clhiem§t whareinahe zpbmpleri axideoxdngigrises at least one of

ol R e LA BB B e .0,

wherein the dielectric layer has a dielectric constant
greater _than approxi mately 40 wi thout being exposed to

anenvi Thnasthodapbeleinapprsiciathel diclserdo dayer thap a diglectric constant
SRR O —

erern
300D afth did digledtay Biyerf lak besh depodited on tebasohdudtige lagyer
conprises a first conductive |ayer, and wherein the

nmet hod further conprises depositing a second

CORGUCT ITHE n]BHR of¥MiR | BBeciflR %B&&tik/?l’é%% 4 é’fn@@ Wh the underlying

annealing the dielectric layer at an el eva

layet eomyeisas a fiesticonductephyert endowbereis shafethod finthed cahprides depositing a

secolnﬁ&@ﬁc_lu%ﬁ?e_ ?a%ﬁlg o%g? tﬁg iﬂl‘ie gch'gcin !ﬁty?ﬁe\f{t. : tra&%%rfl?lg 3f1el \clheelectric layer at an

elevad Gsthieraterel if edephateMOcRE aftéteths ARt RYer! 1Y Veen deposited on the
conprises a first conductive |ayer, and wherein the

firstopRdysHVS lg¥erher conpri ses depositing a second
conductive | ayer onto the dielectric |ayer w thout
crystallizing the dielectric layer at an el evated
t eiper aThe encthodaofsdbgimr hisherzimttecondicties 1dybe fodmed @atthé anderlying

| ayer . has been deposjted o he fjrst _conductive . ..
laye}' cRpaprises a first conc{jucgve 1ayer, ant{l wﬁerem tf'le methog IglmLiler comprises depositing a
second conductive layer onto the dielectric layer without crystallizing the dielectric layer at an

elevated temperature in a separate process after the dielectric layer has been deposited on the

first conductive layer.

12.  The method of claim 11 wherein:
the underlying layer comprises at least one of hafnium oxide (HfO,), hafnium
silicate (HfS1Oy), hafnium aluminum oxide (HfAILO,), zirconium oxide
(Zr0,), zirconium silicate (ZrSixO,), and/or zirconium aluminum oxide
(ZrAlOy);
the first conductive layer comprises at least one of Ruthenium (Ru), Platinum

(Pt), Platinum Rhodium (PtRh), Platinum Iridium (Ptlr), Chromium (Cr),

12



12. The nmethod of claim 11 wherein: the underlying

| ayer conprises at |east one of hafnium oxide (Hf Q2),
whadonitsaysei | i cate (Hf Si xOy), haf ni um al um num PXI/t82007/067942

(Hf Al xOy), zirconiumoxide (ZrQ2), zirconiumsilicate

(Zr Si xOy), and/or zirconium alum num oxi de (Zr Al xOy);

the first conductive |ayer conprises at |east one of

Rut heni um ( %lybﬁéﬁﬁﬁ M8), RREohiunt I@é)' RO THERum (Ti), Tantalum

(PtRh), Platinumlridium rom um

(Cr), Mol ybdetighn VapadivnRd{d] &Nmbelme)(Nb) n@vagsen (), and/or an oxide,
T antum (T idelhay s Ghae ndgRadi um (V). N obi um

(Nb), Tungste oxXl de, nitride, suicide
or car bthéehetldfoaﬁcelafzer cbim@nsh tehtelobr dxidd @yDs);cddpri s e
xi de ; and the second conduct i

tantal u
| ayer c%ﬁ?@é@a uqtléfaé%yebﬁénr&fseﬁsﬁfalﬁ% QRS ebﬂaﬂn'am @0, a Platinum
Platinum al | gy, TRgste Nibider (R, (WK o (0! 1 WBMen (W), andror

tungsten (W, and/or titaniumnitridée (Ti

met hod of fohmmmgnaﬁnbmﬁﬁﬂtor for a n1croe|ectronic
devi ce, conprising: providing a workpiece having a
capaci tor region; depositing an underlying |ayer over

at 15.eash meth6Y &1 BFMiAf ahRcRANBELL InRrodl@foRR el o8, moﬁ?ﬂ@ing:
first conductive |ayer on the underlying |layer to form

a firstPevdingoverkpieoe hryingarerdior ragisg on; depositing

2. L 3nt QKL AF b Gine efQxﬁerﬁtal@%?th%loﬁ%g{h%r&af%yé{]l%gion;

first co erern t

causes fdmirigaanfial comdoctive dayeayrethe anddrlyimgflayes to form a first electrode in
conducti ve I%ger to have a higher dielectric constant

than wi t hout MPA&PAGHYEFEYBNg | ayer bei ng present under

the firgdnoGipRgddGhhdEn SUE la %Ié}rlﬁ thOEdPailfbr FeS6F BRhe first conductive
conductlve | ayer on the tantal um oxide [ayer to forma

second el ect lepdtewhdrdin thtrendedying dlay@f casisesi the te@talne owide layer on the

t he underlyi | aver.. c rises at.lea e of i um
oxi de (Hf Q2)" P 1%}1 c% uctlveqargper ioshave a hlgher glelec{}lc constana% an without the

underlying layer being present under the first conductive layer; and
forming a second conductive layer on the tantalum oxide layer to form a second

electrode.

14.  The method of claim 13 wherein:
the underlying layer comprises at least one of hafnium oxide (HfO,), hafthium
silicate (HfSi1Oy) and/or hafnium aluminum oxide (HfAl,Oy);
the first conductive layer comprises ruthenium (Ru); and

the dielectric layer comprises tantalum oxide (Ta;Os).

15.  The method of claim 13 wherein:
the underlying layer comprises at least one of zirconium oxide (ZrO,), zirconium
silicate (ZrSi,Oy) and zirconium aluminum oxide (ZrAl,Oy);
the first conductive layer comprises ruthenium (Ru); and

the dielectric layer comprises tantalum oxide (Ta;Os).
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silicate (Hf SixOy) and/or hafnium al um num oxi de
(HF Al xOy); the first conductive |ayer conprises
WO aionesdosen (Ru); and the dielectric |ayer conpP@BHES2007/067942
tantalumoxide (Ta O). 15. The nmethod of claim 13
wherein: the underlying | ayer conprises at |east one
of zirconium oxide (Zr@), zirconiumsilicate
(Zn8i X Ophe fidthodiof 6Tt BT (A ih@¥Tyiify 1ayer SbmbNdes atsheate and the
first conductive |ayer conprises ruthenium (Ru); and
dieleqtic lgyes|cemprises tamglum ogisleTa6ek t ant al um oxi de (Ta
Cb).16. The nethod of claim 13 wherein the underlying
| ayer conprises a silicate and the dielectric |ayer
conpr i s@he hrettiod! afmolaimi tBEwbé’r&ﬂ%é silitdte comprisastdd dehspdne of hafnium

.cl ai wherein the sj te co rises at | eg one
oxi BT e aate TRi:) AT Br e & (o ARk

and haf ni um al um num oxi de (HfAIxcy) . 18. The nethod

of claim 13 wherein the underlying |ayer conprises an

oxil8e ailbie miethodiof klaon 1l 8 evheryrethe wodgylyingdsyer aomnptisanan oxide and the
.oxide (Ta20s). .19. The of claim 18 wherein the
dw@ﬂﬁ%&ﬂ%€ﬂ@??%§§“§¥mP@§§g?tﬁ@kbf zi rconium oxide (ZrO

), zirconiumsilicate (ZrSi xOy) and zirconi um al um num

oxi de (ZrAl xCy). 20. The nmethod of claim 13 wherein o
t hd9di ellbe mefhod| efyrdaimhiis whereinghe exid comprises ahleagh enst afzirconium

o1 SORATLITIELE A K ARG AR R0,

di el ectric Iayer has been dep03|ted on the first
conductive | ayer hod of formn

ol 01 11 dke ne@w,sioafeﬂm 43 Vet e ee TSnRET e plistgtric constant
t
grea?e? rr(pl %J&)g(gﬂl%’l ﬁlofd @V‘itﬂ&lt%giﬂgﬁ?( oé%ﬁ t0 aft eﬁ@fr&h‘%ﬁt %f)m;éqﬁ)prommately

ng a con layer on t i ner
300ghaftal ¢podi¢ltding lagemdiae bewt depesited pe thedivsttdoaduntivel layti. v e
| ayer, wherein the dielectric |layer has a higher
dielectric constant when the liner is under the
conguct i\vRethad ®F fériafe WheRckiof dohipBherit Fo® imiskoeliRétrdi®workpiece,
conductive w thout exposing the dielectric layer to an
compriging:onnent above approxi mately 300C after

depositing a liner onto a portion of the workpiece;

forming a conductive layer on the liner; and

depositing a dielectric layer on the conductive layer, wherein the dielectric layer
has a higher dielectric constant when the liner is under the conductive
layer than when the liner is not under the conductive without exposing the
dielectric layer to an environment above approximately 300°C after

depositing the dielectric layer on the conductive layer.

22.  The method of claim 21 wherein:
the liner comprises at least one of hafhium oxide (HfO;), hafnium silicate
(HfSixOy) and/or hafnium aluminum oxide (HfAL,O,);
the conductive layer comprises ruthenium (Ru); and

the dielectric layer comprises tantalum oxide (Ta;Os).
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depositing the dielectric layer on the conductive

| ayer. 22. The nethod of claim2 1 wherein: the |iner
w@ewpnswaes at | east one of haf ni um oxi de (Hf O2PCT/US2007/067942

haf ni um silicate (Hf SixOy) and/or hafnium al um num

oxi de (Hf Al xOy); the conductive |ayer conprises

ruthenium (Ru); and the dielectric |ayer conprises

t ansal urhewetd of aldf5 21 derciie nNMet hod of claim 21

wherein: the |iner conprises at |east one of zirconium

oxi de (Hedmer compgEsssi atrieast ope of @irpaigpyayde €4162), zirconium silicate

Cayer compri Caxnrlehar i o HEAPRUE,

| ayer ctrpondesive BytradompriscsirdthefitmadRe);.an@4. The net hod
of clai .1 wherein the dielectric |ayer has a
di el ect ?qe(th%%cr?%‘i %ﬁ‘fr CgPRLE ta t"ﬁ‘é‘ﬁ Oéhiﬁr(%g tely 40

wi t hout bei ng exposed to an environnent above

approxi mately 3000C after the dielectric |ayer has

beéA. depbsimetzpdoef ¢laien Sdnvhestin ke Hiwlestric 2Fer Musnetieldiric constant

rmng.a ¢ iLtor i.n.a mcrqelectronic rkpi ece, .

arees Y SRR BEORE 0w i Fottl 5 361 ri e Bl prorimately
300%G afier ghesdicleset layerdRp 88dnt depsiid bh BRI coh@udlive l5ast

partially cover the sidewall of the depression;

formng a first conductive layer on the liner in the

depgessi a oL W=Ip 10 TecUS ROV b sing:

ot el uts oG e chitkits S oA Bicc R0 B Somprisng

conduct prosidirggyeworkpieee biving ddepkdssien with usédewalip

tantal um oxide layer to have a dielectrjc constant of

at | eas q?ﬁﬁ?%ﬁﬂ t8@§gﬁﬁpﬁ?? ﬂP@E§§§¥%WPﬁEE§ﬁ Byession;

tant al uprPkigd® firadY@hdidlive 1BRPIANE LRECHERR dpredsion to form a first

t enper at ure above approxi mately 300C, and formng a

second condudedtiede] ayer on the tantal um oxi de | ayer to

{Ng re :ne ia n (ofgp%gl?lgg %l tgn%l{lr%do%idezlgyer-m %e%%peggog fon ?llleaﬁrg% 0205r1ductive layer,

wherein the liner causes the tantalum oxide layer to have a dielectric
constant of at least approximately 40 without crystallizing the tantalum
oxide layer in a separate process at a temperature above approximately
300°C; and

forming a second conductive layer on the tantalum oxide layer to form a second

electrode.

26. The method of claim 25 wherein:
the liner comprises at least one of hafnium silicate (HfSixOy) and/or hafnium
aluminum oxide (HfA1,Oy); and

the first conductive layer comprises ruthenium (Ru).

27.  The method of claim 25 wherein:
the liner comprises at least one of zirconium silicate (ZrSiyOy) and zirconium
aluminum oxide (ZrAlQy); and

the first conductive layer comprises ruthenium (Ru).
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the liner conprises at |east one of hafniumsilicate

(Hf Si xOy) and/or hafni um al um num oxi de (Hf Al xOy); and
W@ b@®7f13393¢ conductive | ayer conprises rutheni uPCT/Bs3007/067942

27. The nethod of claim 25 wherein: the |iner

conprises at | east one of zirconiumsilicate (ZrSixOy)

and zirconi um al um num oxi de (ZrAl xOy); and the first

copguct T%(ée %8 'of SRR 25 SARrdil iReMer ThhRides 2&ilichRCand the dielectric

nmet hod o l(§1Ia|m25 erein the liner conprises a
layes¢dmpratstastabint tradel{Tab@0t ri c | ayer conprises tantal um

oxide (Ta20s). 29. The nethod of claim 28 wherein the

silicate conprises at |east one of hafniumsilicate

(Hb®I XOrhe aRchoaftrildnim 28 WhHErBMNhO Xilidate Chinpidedat leadOone of hafnium
The nethod of claim 25 wherein the |liner conprises an

silicaig (81 dydandefeie) auninpe dxidedHEAbAYr i ses tant al um

oxi de (Ta20s). 31. The nethod of claim 30 wherein the

oxi de conprises at |east one of zirconiumsilicate

(ZB&l xOFrhe aRrthodiof ¢hiirn LPF whdieih nhemliger icoMpLists AnxdRyde. and2he dielectric

The nmethod of cl.aim 25 wherein the dielectric |ayer
layep,gmpgisgs tantaht prdedhePant of approxi mately 50 wit hout

bei ng exposed to an environnment above approxi mately

300C after the dielectric |ayer has been deposited on

t h81f i r $he omtichd atficladm| 3y whereiBIhe Axido wpmpeses af daastaone of zirconium

.. el ectroni c .device, co i sing..an electrically
Slhceth%%éﬂ%@d&“(S%‘W PRy Og‘P i(?‘;‘{‘]lggﬁ)de and a second

side opposite the first side; a dielectric layer in

contact with the first side of the electrically, _

coAguct Themsthedmitclaimd wherpindhe figlegtigtlaer hog o iclgetric constant of

| Ed f C ' f I o
spprgfRRl s Stk Bhele SRl B AN BbHE o RSB RELE SO0 ater the
diel&aitsiaydr hés et ldegdsited on thg dirsticondiatiee laydsi gher di el ectric

constant than without the liner contacting the second

side of the conductive el enent.

33. 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 electrically conductive
element; and

a liner in contact with at least a portion of the second side of the electrically
conductive element, wherein the liner 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.

34.  The component of claim 33 wherein:
the liner comprises at least one of hafnium silicate (HfSixOy) and/or hafnium
aluminum oxide (HfALOy);
the conductive element comprises ruthenium (Ru); and

the dielectric layer comprises tantalum oxide (Ta,0Os).
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34. The conponent of claim33 wherein: the liner
conprises at |east one of hafniumsilicate (HfSi xOy)
wa@pw/7839b@f ni um al um num oxi de (Hf Al xOy); the PCT/US2007/067942

conductive el ement conprises ruthenium (Ru); and the

dielectric |ayer conprises tantal um oxide (Ta205) . 35.

The conponent of claim 33 wherein: the liner conprises

at 3k easthOffnRnef JreRth 49wkt at e (Zr Si xQy) and

zirconi um al um num oxi de (ZrAl xOy); the conductive o

el ement thedinsr icomprisagtah derst amg R pircomivgn sHisatgi (€r¥e@y) iapd zirconium

| ayer corrprlaesu}uzrannt a(lieu rgi(bg)e (Ta Gs). 36. The

conmponent of CrEYh 33 Eréri’the liner conprises a

si i cat gieabaductiee éle@b@ebmbfisds aytaénigalfRa); a&s t ant al um

oxi de (Ta20s). ,37. The conponent of claim 36 wherein

the sil ?h@a?eeée%%lawrge@pafes|t9élaa§%m8ﬁ@eé?a29a} ni um

silicate (Hf SixOy) and haf ni um al unm num oxi de

(Hf Al xOy). 38. The conponent of claim 33 wherein the

| i A@r cdhprompsnauh odxélaem 3B dwhdnendhellmet cbmptisoges silicate and the
rises tantalu OXI% t Gs). 39. The conponent of

dlel‘?ﬂ o5 SOMAKTeS {H4ntalwa ogide 4 é‘rprl ses at |east one of

zirconiumsilicate (ZrSi xOy) and zirconi um al um num

oxide (ZrAl xOy). 40. The conponent of claim 33 wherein

t hé7di eIFbuqmnpnleatyxf iclaiira $ 6 avhgied thesilicate compisen at lgast gneef hafnium

40. Wi t hout exposed to an
e T R S A NS
dielectric | ayer has been dep03|ted on the conductive

elenment. 4 1. The conponent of claim 33 wherein : the
i A8 cohprrmpensnt fedaim Aevhsreinathpliner SRmgEsEHrppKide and the

. af ni um al um num oxi de
dlel%&i%a%?ﬂ}lb}zllge?g%ﬁ%ﬁ%n%g&d:é?ﬂ PZP zirconiumsilicate
(Zr Si xOy), and/or zirconi um aI um num oxi de (ZrAl xOy);

congﬁéztlve el erre t, co es. atthl east one of ¢ least ¢
enl (ogmponqgt a({ ﬁ]ﬁpﬁl )VV ereln € OoXi1de COl’an’lSCS al cast one o

zircomum silicate (ZrSixOy) and zirconium aluminum oxide (ZrAlOy).

40.  The component of claim 33 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.

41.  The component of claim 33 wherein:

the liner comprises at least one of hafnium oxide (HfO;), hafnium silicate
(HfSiOy), hafnium aluminum oxide (HfAlL,Oy), zirconium oxide (ZrO,),
zirconium silicate (ZrSixOy), and/or zirconium aluminum oxide
(ZrAlLOy);

the conductive element comprises at least one of Ruthenium (Ru), Platinum (Pt),
Platinum Rhodium (PtRh), Platinum Iridium (Ptlr), Chromium (Cr),
Molybdenum (Mo), Rhemium (Re), Iridium (Ir), Titanium (T1i), Tantalum
(Ta), Vanadium (V), Niobium (Nb), Tungsten (W), and/or oxides,

nitrides, silicides or carbides thereof; and
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Pl ati num Rhodi um (Pt Rh), Platinum I ndium (PtEr),
Chromum (Cr), Mol ybdenum (Md), Rhemum (Re), Iridium

W@ Rooy/133986 ani um (Ti ), Tantal um (Ta), Vanadi um ¥&A/US2007/067942
Ni obi um (Nb), Tungsten (W, and/or oxides, nitrides,
sui ci des or carbides thereof; andthe dielectric |ayer
conprise tantalum oxide (Ta2() . 42. A capacitor for

am Crogqlewéc&ml v&i @iy ﬁse R ARk osalamag)s?l ner; a first

el ectrode contacting t ltner; a dielectric spacer

having a flrst si de contactlng the first electrode and
a con de o os i.te t side,. wherein the

| | %@1 GFEFTSEIF? oct,nc gbcg’rcoflg)lrﬁ%e a hi gher

di el ectghﬁerconst ant than without the |iner contacting

the first el ectrode; and a second el ectrode contacting

the di eﬂﬁtﬂwlle%tr%&é@ﬁ“tl%f} e linf& capacitor of claim 42

wher ei n | aS kﬁ,&

oxi de (ﬁflg%%tﬁﬁj%?%ergl%% I l@gtt %&e( Elg) ﬁ% BiadtRddBhd a second
haf ni um al unsidwoppoxitaithe (it Aldx,Qylereit the liner msalth@dmbdtac spacer to
conprises rutheniu and the dielectr acer

conpri ses ta]i‘ﬁVSIaJﬁé%i Fi’d%ect“?af?@tﬁm thap v 1%11")?1‘& hc‘?a](ﬁ’g §qriseting the first
of claim42 wh&fakngt he |iner conprises at |east one

of zirconium oxide (ZrQ2), zirconiumsilicate

(Zr Si x Oy pecandiclgttrasigsputastinigihe dielestoir sehser Zr Al xOy) : t he

first electrode conprises ruthenium (Ru); and the

di el ectric spacer conprises tantal um oxide (Ta20s).
4543Them@&@a&ﬁ@bf@l&m@mmré& wherein the i ner

conpri ses silicate and the dielectric space
conpri st 11%Pr1it %ﬂn@nﬂses( iptl deaptrapeagf hajgumTerdde e{HﬁQz)t Hafngpm silicate

cl ai m 45 vvhe one
: oY 18191? fALER

of haf ni um s 6‘aty F&:‘[E aanc n| uﬁ%iﬁ %&}num

oxi de (er/ﬁrs:t@}@ctrode comprises ruthenium ﬂ{u) and

the dielectric spacer comprises tantalum oxide (Ta,0Os).

44.  The capacitor of claim 42 wherein:
the liner comprises at least one of zirconium oxide (ZrO;), zirconium silicate
(ZrSi4Oy) and zirconium aluminum oxide (ZrAlOy);
the first electrode comprises ruthenium (Ru); and

the dielectric spacer comprises tantalum oxide (Ta,Os).

45.  The capacitor of claim 42 wherein the liner comprises a silicate and the dielectric

spacer comprises tantalum oxide (Ta,Os).

46.  The capacitor of claim 45 wherein the silicate comprises at least one of hafnium

silicate (HfSi,Oy) and hafnium aluminum oxide (HfA1LOy).

47.  The capacitor of claim 42 wherein the liner comprises an oxide and the dielectric

spacer comprises tantalum oxide (Ta;Os).
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47. The capacitor of claim42 wherein the liner
conprises an oxide and the dielectric spacer conprises

W 2007453986 oxi de (Ta Os).48. The capacitor of cPEI/DS2087/067942
wherei n the oxide conprises at |east one of zirconium
silicate (ZrSixOy) and zirconium al um num oxi de
(Zr Al xOy). 49. The capacitor of claim42 wherein the

di gk ect frh& cspRAESR of RBiEn A7 IRFEE tHel skideQdadpaiRts AN&RE Sife of zirconium
than approximately 40 wi t hout bei ng exposed to an

silicata(ZrSadyeand ziigonismaapnionin reids| (¥ C after the
di el ectric spacer has been deposited on the first
el ectrode. 50. The capacitor of claim42 wherein: the

| i ger CURPEipacitoraif cla@ss2 \Qh@elﬁfthd‘laifalébﬂmm sp¥detl Bad &fifSlektric constant
haf ni um sil.icate (Hf SixOy), hafnium al um num oxi de
greaferthgnyappyoximately ) wﬁh@%.b&@g(ezpeﬁe)i to A0 CEYHPRIASTE j2pp Yeaangroximately

3oo§<§£ef§%r c%wle @é&e aE O &égmﬂem pférﬁr%lééeo&;w xOy);

ct ro e conprisSes at ast one of
Rut hen| um (Ru), Platinum (Pt), Platinum Rhodi um
(PtRh), Iatlnumlrldl Ptir), Chromum (Cr),
I\/bl59bdeﬁ HEAPRETICT ORAIAR uﬂ“%‘?i@)n Iridium(lr), Titanium
(Ti), Tapt ghdtMdnfifies YANREI bR Q)Y)haﬁNnﬁbb)HHé éﬁ%z), hafnium silicate

Tungsten (W and/or oxides, nitrid sui ci des or
car bi des t he@8kOy)ahdfivme ahmememomd@ (BipALOY), giseapiyns exide (Zr0y),

tantal um ox;%gc &TaZOSAlcat Zélwgempgo%gd gal iy oxide

processor; nenor y 8e rced y couple
processor, tagAqﬁgpry deV|ce including a capaC|tor
structure haV|ng l'iner i.rst electrode cont

ctin
the |inée, figt glegireds P?Iep%%a@érleqﬁfaww Rofhgaigm JRyh Platibum (2o,
contacting tp Jlﬁrﬁsf{hé&hﬁﬁt [’gﬂ? gl &’lﬂﬁil %Ptﬂ'? Chromium (Cr),

opposite the |rst SI secon ectrode
contacting t Meﬂ)swemmﬂ (o)) R bemiwtnh Ra)j h“ldﬁLm (Ir)s Tetpaigmr(l1), Tantalum

wherein the |] d tri h -
e e o el RS B0L R e hS TG RR TR el RS, i,
contacting t §fciftibd Grlca®idRs iR, and

the dielectric spacer comprise tantalum oxide (Ta;0s).

51. A system, comprising:

a processor; and

a memory device operably coupled to the processor, the memory device including
a capacitor structure having a liner, a first electrode contacting the liner, a
diclectric 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 liner causes the dielectric
spacer to have a higher dielectric constant than without the liner

contacting the first electrode.
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