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WO 2007/ 126488PCT/ US2007/ 004374 METHOD FOR FABRI CATI NG
A SEM CONDUCTOR COMPONENT | NCLUDI NG A HI GH CAPACI TANCE
PER UNI T AREA CAPACI TOR TECHNI CAL FI ELD [ 0001] The
v aReissdsnventi on generally relates to a net,,pzpﬁi}gm;m{m.”
fabricating a sem conductor conponent, and 5nor
particularly relates to a nmethod for fabricati ng a

sem conduct or conponent having a capacitor with a high
di el ectric constant dielectric. BACKGROUND 100021The

TR METHOP ROR HABE BENTINGIA Y EMITOBTIUEITOH COMPONEASINGLOBINGK RI1GH
i npl emented by dgk{@rané dbrahi Wreh caPA&ireRNNeEct ed
field effect transistors (FETs), also called netal

oxi de sem conductor fielgglfEecEipansi stors 10

(I\/DSFETS or MOS transistors). The ICs are usually

lﬂo?‘%r l‘}essl:nt gw?ni)ct)nhgergf}ng%mﬂ 10 a meqnol:i for IPa rl;]cgtaen% %{S on uctmponem and

en re

maig P?'E‘ih‘laf'y refafst i"él“ﬁ‘hf"?ﬁﬂ‘r f@‘if‘éﬁ’é%i‘ %""ﬁ'ﬁ‘i“%@?’f“&‘f‘ﬂ?ﬁ"r’i‘b‘@‘“&? a @papitor with a high
dielpaBi cogpntidigleste@l | zed by forming the FETs in a thin

| ayer of sem conductor material overlying an insul ator

| ayer. Such seni donduct oBACKGR@ISD at or ( SOD FETSs,

anong ot her benefis, exhibit |ower junction
[00EapaThd AGedy af freRBNDE @R REEWERE AICH ard) intROEMGIDBLESe a plurality of
.n:cseaba%%ieﬁf@raév%tSIOQQ§tﬁ; Qs cdied WRdh e s.:cmama.@m.t B e wansistors
Néé’?’)é‘?s or?z{ ﬁa%{st%kﬁ ﬁ:cs arﬁ,ssualgf tj?rrrTrp A Yanggoth %hhann l an -clgagfeélaETs and the

Clrcul USS

IC R BIERTEL 8 ca’pfms’m MPR o IP T et &ewwmveﬁ@st@n performance of FET
ICs danpe alzedisy fomongi thed@ Thig atittirelagr picerhitorfluspe initgial ovddying an insulator layer.
Such @hicagiectdr s s.aﬁ;azdfresymi FREY, kiekRg oth@beRRA8RbRIows jMElEn BldSitanBe and hence
cany&gwg%ghuas bus, and the |like, and may include

busses coup ed to external power - sources as wel |l as

{Oﬂﬂgrssﬁ%gggy Qanms oFs 90nnern]t1n an %ln Ll¥ %ﬁhgf;raa!:mexgterg rnnu;c{] El %r:glalmln%/ f the desired

tere ower sources.
o HIEGP 6 MRS IENaBE NP o o BRSPS g devices o

required Yydierirpriydierstidnn Theltapk bews thayingudei fotremmpthal g e, OF. bus, a V,, bus,
and the SR AR indtidd Bagest Bp1ed ﬂﬁfx&ﬁnhi%wé}fsomﬁas@eﬂ Gdbulses c‘blﬂ:@ed to internally

gene\la% 'oPMémQH%é?éi pg\ye? Eouﬁz@su fa§ ssccs)ﬂe iéte%ru[u?ﬂ% {o (& tteng as weil as internal
the swtc speed of the

o RS S R P R 1 P B P g of e i, e
Va“%“e Eﬂﬁif-ﬁ A &tres piikirgeeup ﬂvemnmk?y Bspbripdly esdtbr cvilehing speed of the integrated
cirauth GeredisObNtquirGhehiag @uspi eRkioncurt:h By DS cib eaaugRifiaht vbilge spikes on

- the HubERSAuSIYr ke ﬂuﬂ&&ﬁ ﬁ\ﬁlﬁﬁnc@gf ihd s DS avoid le@)!r%rs‘:{halt Qghtq’e @Ju&:g bthe voltage

common
docofil i AP G s OBt el i e Siactoess 51%@@ Clsgplinp gppacitors are
typiceiiyrstribiiot dong die liseth e Hthnlassee dhb edpwitern at b@allydatmaird MES capacitors with

spnk% Q‘lasmec% tec (r g q% grbéé dtecouph:x:/}g c%)ﬁ Fx:s %Bwe nSLHe bu es %’?}r example, such

© one BIAS SAKe. caphbi®S &nAkA G UP kiald GnakAN AGk kDol BE Bt Feptid@abel the MOS transistors,

the oqxlc%aﬁel o? Hlt', gagacna-l f&ﬂgi J,»'H.?;Afpﬁﬂg&o%e&fegénhx?mp&ﬁ ?a?é‘ amI !ﬂ? dxel%cﬁic'separating

ca rs are MOS capacitors wi
the 10 amsl"é\ eeca'éaf“ctrﬁ’ém elégbg%ﬁat‘ed[‘e F6Fmed by the same materi al

000‘# to formthe gate el ectrode of the MOS
00041, ar%‘. 2ieBlPR Vit fish Bprabne sPRitiersAPphin espntetienst mingsrite size of the

capagiiprs.q Thérerisir dontjpit p&ut tp eqgiiosrivei ipetofi éne@@led bigryie rompemvels sdbat an over
incregking In@Glier bitcoBRpattsadih Ehgfaﬁdaﬂedtd_m sphitdn@S: 00 Ehifd 4TQ ghaPas trid size of the
convgrﬂglﬂ'ﬁ;dfaptycattech @ec%tir% gﬁa@loﬁqg £} ﬁnpediment to the continuing effort, To increase the

- capacitance per unit area of a conventionally fabricated decoupling capacitor, which would allow a reduction in
-capacitor size, the thickness of the capacitor dielectric must be reduced. Reducing the thickness of the capacitor

dielectric leads to problems of increased capacitor leakage current as well as reduced reliability, Additionally, it

ala
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301000410ne problemw th such decoupling capacitors

formed in the conventional manner is the size of the

capacitors. There is a continuing effort to reduce the

wa 2e/obassnt egrated circuit conponents so thatr@ageyeNisy

I ncreasi ng nunber of conponents can be fabricated on a

sem conductor chip of a given size. The size -of the

conventional ly fabricated decoupling capacitors is an

i mpedi ment to the continuing effort. To increase the
is GRPaTIb@R GerPt tHiNihé saaicaielcatic BaLONYERkd O 8bth Yhe gate diclectric of MOS
trarfsRBHK afiPof the AERQIWPAiLINGHORRAE | s requitdiefNini0 lt“edtlea'}blhgr\%f Bhe fabrication
pro JLeduction in 35capacitor size, ﬂ]e t hi ckness of the

capam tor dielectric nust be reduced. Reducing the

ness of thec ac itor dielectric |eads to problens

oob" § AESRRe sl f°o°r°vrd§awa'§°ed RS SRR gt tht mchdes igh
capf%@ﬂu:pteqrqaamaqlqmtsymhgqmﬁopplgﬁxaw{ewl;un fliglectriggipyers. In addition, it is desirable
pro@GOmét a6 48 BRETBIiISROHA{DG4BE dnchingl cpasivant @SOS cipacitor dielectric is
fonﬁ@qwamytﬂlaatmet f,lae iSAE o@wsaat.snstocs IR 86T Al SRL: dQFble features

and Qﬁaﬁnteplb gs (9 ﬂxe Iprcs tei \.%rgtto;u w comc agparenlaﬁl%ﬁ t}?et sggseri’ucm qe(?:PE description and

e capaclt A
the pRPFdEdS at"ﬁe“’"f“r‘ é‘)EP’B‘f“F‘i"f' e tFRPRRSE F'B‘é’ﬁsdﬁ’ Pt Bcedng. technical field and
backe®@H] Accordingly, it is desirable to provide a nethod
for fabricating an integrated circuit that includes
hi gh 5 capacitance per BRIEF SHMBBRYapaci tors w t hout
resorting to very thin dielectric layers. In addition,

00061 | 8 ngt@sd s ablidedgorgatric@ng@ichaokEtudio E:oxﬁpaﬁbhli BB tricIgks a capacitor having a

higl aa,;gem@tp@fqn@sr&c tﬁtw,tc%m;,am WG S 2038k ;emc&ahe?m\emaﬁh& RR1) substrate
rrc,ls

havmggatcrgttsg& Ia%loe afy N&ayfar cfo msrrF ?r onQr‘ﬁ‘: ? X.icf&duc@rt@y% and a second

I nsu ors
Seml‘—’ﬁﬂd’t“’r‘fg 1) Pécr*y'ﬁ% fieleyey é%’f’sr“ﬁ'ﬁf éth é‘ﬁ‘f"ﬁ'r"é@"’ﬁﬁdo"m"g a first capacitor electrode
in theHet seoticopdugtr losr apdl dévbsising p @B leitic layew @ntpiihr Bai.lda, e @aOpoverlying the

first@Rpabeddotdde. Oﬂbntnh&nmﬂliﬁd}?csﬂﬁtaﬂj ;la&&lned %SE&H AedoRdcapddfbr clectrode

ovenli)m% t%p&e@gﬂgg cg‘l ﬂs%:n&%%%gci{?pha?&? Hnggxelgcmc < gslxqanl tr e?ectnc An MOS
acco n%mﬁqj dravvln s and the R}ﬂﬂ% %etec

g e B AP0 R < R PobOE FA R Aityspesily te

gatejdielepfrie off thaOF grosiiah farpedtindegsnéendyeafifoving de teamrcivomd alvaridally isolated

. front theadapakine| udes a capaci tor havi ng a hi gh capacitance

per unit area. The conponent is fornmed in and on a
sem conduct.or on pmsebedcrir1i&G0d) ragbahvaies havi ng a
first sem conductor layer, a layer of insulator on the
[000fr) ' Sthe PRAMGABGICH R herki@NBI e @R Bn SBRAMAGh withThe following drawing figures,

whe,%mmn, 6 hQbee 1BYRLRVEH LY Ag the layer of insulator.

he met hod conprises formng a first capamtor

[()Gﬁgll eCl-IIE%)qelz :lpust he1nfc|rorSSS stectxsoﬁgl e?}g]g‘y thocx)'rfabncaay nggu sem:conctuctor compone-nt in
acc"@é‘%"ri”i“‘ "‘ZP%?UT?“‘(?@@?PXFPS‘PQ the first capaC| t or

el ect rode A conductive material is deposited and

patterned to form a sd¥3NH-ERRFRERPHION| ect r ode

overlying the dielectric |layer, thus formng a

- 100083 p ol fdiewing datadley desdipiiph itinerble etemplery doprgtraanid is not intended to limit the

inverlio® braBd appi@atioABnd\Isks of ta MFénibiD I Fuldibrrhdi hede QY H¥BlertiBn @ be bound by any
exprQQ:ﬂ to'r Q'th@cf thtul?ye px%@ﬁ(gpg tﬁgﬁk&?% Q%QII fleﬂy%kgréun& bNQ%ummary or the

followmg 5 1icc¥£schpt%,|? especl al

(0010} Novel methods for fabricating semiconrductor integrated circuits (ICs) have been disclosed in United
States Patent 6,936,514, the entire disclosure of which is incorporated herein by reference. The present -

invention overcomes certain shortcomings of the methods disclosed in United States Patent 6,936,514 by
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20gate dielectric of the MOS transistor, forned
i ndependently of form ng the capacitor and
electrically isolated fromthe capacitor. BRIEF

“%ﬁ@RizP'ﬁb(]\I OF THE DRAW NGS 100071The pr eseﬁé[/Usz(me(M_g'y_l
invention will hereinafter be described in conjunction

with the followi ng drawi ng figures, wherein |ike

nuneral s denote |ike el enents, and wherein

25100081FI GS. 1-12 illustrate, in cross section,
provi@bg 1xthosd fIsbrit Mk HoalEt irta@bdrhigh GBidiniC RAIACH IGEh-ICPRNARE Rhterials as a
capﬁcﬂor@%&%g@n&%a@& ciddde @fﬁ@é}\@ %se@tap‘timcé &ymta}egﬂa d reduce leakage

CUI‘%’D% !.h%u ?np?gé lhe !gglns ator % trags:sftoc:?ql lmgg\rqier:]ugngg-lﬁggl s not

escri exenp inon
|nvent|on or the application

oolgfg® uggs"i?o“*t‘ﬁffé‘%“hv&iﬂ?“aﬁ et YR P Bissong et gpmponcnt 20 i
acoqrgfpesitith giherabeditpent pisherievetsipn. afpnicaitpncemEpent Wrindudplan MPS tansistor 22
and b H@OUPYing 1 @SN D drhbsa of Rl iPthe Gl hgbrécRE i Had migh@hdthde a large number
of MK‘Q&@&Q gxmllQ'rlb %IOSS&AHJ% ¥2 Qﬁd Jlgea I];@J: t1191%xncg' dg:%tgp%hé @agacators such as

decouel I"?‘F caggc or %I?Sltransmfors Cfmgﬁ xrnc(::qucﬁz bo"xig njl %%—chabmgeéwos transistors and

tosg .‘@'Erssgewu?%hw@oaﬂévﬁfwepa% énimalsmgs ghesdesired igjggrated circuit.  The
decagpling c@padkis Glood b eougéd imfappodprists lobatiee bpeeal fetkxigiee Vg ald/ v, busses 1o
helpr@bRE 8B Q&tage?tl@plﬁﬁ SSRIH bussed. DBS:h BD RV RARURS" &ﬁ; ;baxlefgm to a device
having % antglo%le% trogg arydllg omet &%diﬁsug!oi?‘ Qllapélqndwillrke LuJ.Qed tthroughou@lo rgfer to any

sermconductor transistor that mcludeya conductive gate electrode (whether metal or other conductive material)

that is positioned over a gate insulator (whether oxide or other insulator} which, in tumn, is positioned over a
semiconductor substrate. Various steps in the manufacture of MOS components are well known and so, in the
interest of brevity, many conventional sieps will only be mentioned briefly herein or will be omitted -entirely

without providing the well known process details.

{0012] As illustrated in FIG, 1, the method in accordance with one embodiment of the inventions begins by
forming a semiconductor-on-insulator (SOI) substrate 26 that includes a thin semiconductor layer 28 over an
insulator layer 30 which is supporied by a further semiconductor layer 32. Preferably both semiconducior layer
28 and semiconductor layer 32 are monocrystalline silicon layers, although other semiconductor materials could
also be used: As used herein, the terms “silicon layer” and “silicon substrate” will be used to encompass the
relatively pure or lightly impurity doped monocrystalline silicon materials typically used in the semiconductor
industry as well as silicon admixed with other elements such as germanium, carbon, and the like to form
substantially monocrystalline semiconductor maierial. For ease of discussion the semiconductor materials
described herein will be limited to silicon as that term has just been defined, although those of skill in the art will
recognize that the semiconductor material could also be other materials such as germanium or the one of the

compound semiconductor materials,

[0013] SOl substrate 26 can be formed by a number of well known processes such as the well known layer
transfer technique. In that technique high doses of hydrogen are implanted into a subsurface region of an
oxidized monocrystalline silicon wafer to form an hydrogen stressed subsurface layer. The implanted wafer is
then flip bonded to-monocrystalline silicon substrate 32. A two phase heat treatment is then carried out to split
the hydrogen implanted wafer along the implanted region and to strengthen the bounding, lcaving a thin
monocrystalline silicon layer 28 bonded to the monocrystalline silicon substrate and separated from the substrate
by a dielectric insulating layer 30. The monocrystalline siticon layer is then thinned and polished, for example
by chemical mechanical planarization (CMP} techniques, to a thickness of about 5-100 nanometers (nm)
depending on the circuit function being implemented. Both the monocrystalline silicon layer and the
mongerystalline silicon carrier substrate preferably have a resistivity of at Jeast about 1-35 Ohms per square.

-3-
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WO 2007/ 126488PCT/ US2007/ 004374 provi di ng nmet hods for
fabricating ICs that incorporate high dielectric
constant ("high-K') insulator materials as a capacitor
v sheckigsc to increase capacitance effici eng¥ruszonroo43ms
(i ncreased capacitance per unit area) and reduce
| eakage currents without inpacting the gate insul ator
filmof the transistors inplenmenting the IC
[0011]FIGS. 1 - 12 illustrate, in cross section,
siti®iiec ss iR Smbuaity bR kiteAt-tyPdor®-tHR) muQ@ ﬂgl*e!ﬁﬁl&) Eop@cplm}ﬁn S&flbstrate fayer

g k H 5 @&:}C g%& 10T 14+ (& a CENESS
3? |bgr\/'3 Y g)ly on. i{, ;QH q ﬁ’\gﬁ%{ﬂaucoa)@?ge nt !lgy stﬂmgx(l‘ of’e LrARABES # hickn
% ?‘2‘:\ QB A B 8 e uBYer Hgerpitde f%‘i“""é‘&‘“ a"F‘Hb%S"G}F“‘ figures as
a sigglq Ipyer J9%is pigfsraly formid|op tha parfeas ef stlicen [tvircR8. Alry prOxivie gaintbe grown by thermal
oxitafied tol @ @hichndsdffer dAuHHNES 5-10km MdGhetshicdaSiuSde @&rSoeSikg¥hiled forteQumple, by low
pre&(%glﬁﬁn?ﬂ%&ﬁ; &Bosglgn f{?gvgiutg Q thﬂ:kxleﬂreog ﬁ)u:{bl'“;p %osgt;f Skl“ m the ait4am aware of
o FRE R B R ER AT AL BT RRIeTHE o B SRAR e T o ot
sopaditgdiiel MOS transistors and those transistors woul d

be arrayed and interconnected to inplenent the desired
10014it e gp HewetedinFEY 2{the mMathed coplpueidy dleqricaliygsolatiseaediqueregions of silicon layer
28, Vi@ Uk dinplebyContileedalion @pqbrigpriénaSED k@pad 34008 Be Bsv@eextefidihrough the
thicBEaI R I siticdd Qy@nﬂs NSt RISS, Q@retag: nlﬂing Ho&&&%a@&ﬁ btt. €4 to form the STI, s0
the pr% g&snot%u Bg‘,cpnbeéjhcrcl in ctletaq Eu ﬁene{a? g‘lsl ng'la\ldcs 4 éhaﬁcg\\r/ Fengh %at lsrcnched into the

surkiigiohhe @%?‘%’“@F'@{:f"?%*a‘é b rrosendy GHEdeviire irsylpde materigly After the
wengleip fiflodivith angjusulggra ahatehis! sulyisoilitonorids; b eyrfade s uanly planarized, for example by
cheBRITINREHAMACH DaridaficANSMBY @hd dxlaahitrldd Bl S0%s & aGORE WEH fo Be CMP process

andg;ﬁ)tegts @:l: %&Liﬂ&ggf l&evmx%tcpgtr suln%tlagler 2@[‘ T!%tﬁ?gervgso ﬁjs%‘l%v]% decgliplmg capacitor 24

03|t|one over a I nsu
fro %‘?{ h’%“rs‘ B ?%l é‘“"ol‘0 ‘ﬁ%er isqlaign, P 5P )““W%P&“h as fefipired) by thej gircuit being
‘mpffﬁ‘sq‘“ldi oned over a 15 sem conductor substrate. Various
steps in the manufacture of MOS conponents are well
10036h ows islprttateiin FIGH 3 taliever of bleroessist 40 fs abptighkiveryhe topeaiyhe STI, pad oxide/nitride
laye€ 09) URNEilicOMBYer 38 &aSs Pbrhedas koym Be ogdRfy &20:!12& Gxakek @fobdon of STI 36 As
;lluﬁﬁgcﬁh BIGOI uwé t‘le Jgﬁ:rrgm}toto%gst gsnag Ie:{c?lnysk %&gd r[xccu)nvolf g{‘lr}g is etched, for

b teb B s S s e e
G*P‘éﬁﬁﬁ’m"nﬁh‘tfs’dwf’ﬂtﬁw 3Endrevitiedmeningdd ibasextyyds fhaquplh Yagh ST 38 and oxide 30 to
the @dariyiopsigbact or - on-i nsul ator (SO) substrate 26 that

i ncludes a thin sem conductor |ayer 28 over an 20
{0036NS UinaizﬁFdazllcayxeth 088 enibdbieian i o8 11 UpRRioh 8CkyRYcofdubblit) R@Emining ions are

.m,,ﬁﬁm @soa@l&s@ea QY ak&eeds) ?h?uu :Psp@,tuegfml, xorn% m S HEMIUGE L egion 48 in
(::xpo omon 4?3 o? nﬁcon ?ayerg? as :Euﬁ:rﬂtcg in Fﬁé eg Plallleﬁzcﬁj-«li'l@)wlo&-fu él}ﬂsk 40 can be used as an

ystafTiné
ion ?@Hf“c‘bﬂﬁ'a fre thir sttt prideditids L!ﬁyer 2 rstres dheupgage pisilisarptiyer 28 from the
phothresiseand from: hhe clieaicals usidin kdnpong theppabresisand " si |l i con ‘
substrate” will be used to enconpass the relatively
[00IPLIr AR reinb@htlﬁe}ba&cﬁﬁduﬁﬂofoyés:d OpR dndmrﬂﬂﬂ?f y&Ghiny thd $0FacS bil the@OPd region,
a ia)@pJf %{eiaﬁﬂo% ch{dgit&l%lltl) Yhe 'sltﬁ'ﬁae olf e EJ}@d é&éﬂ aﬁ@m}fﬁﬁgcmlccgnn%lsﬁira){d the STI

ch
. reg:ons as\/\ﬁusn'ateads in %’&é OHle me%? lxgﬁer Cﬁn bﬁuepf)suerf ’(;)v ?nys %Evapor dseposmona(PVD), for

ger mani um car o
oxanglfiy (R SP‘V‘“‘Hﬁn Brefeplly dapriofiaetad &0s @ drprer 9 pigfrel bipeipaes aigkness of about

100 fpr Fdlawos OF dehositn s ihe teyt-REmgdm ben dldd@fric AMAlced] I5Ak@nprising barium,
calcit® SdninRe8cohih Sdnd oMiednl (Bbﬁl} lid dpckied oﬁt@m&hllldy&% B rebabl the BCTZ layer
has L %a;,mon@a% g 1 tyy BRE ncadﬁf Agd ,m@' wo "Geq cgmpo%l%?n ?wenf\,y Baoss

C t hat enlc
C"°'°c &m o 'a?s “o*é”g‘t 'ﬁ% aﬁgf 8“1*’?55? sbygﬁ'e‘ﬁ"%'g“ g"é&*%sﬂ" (i TGt figeribed in
"Lovpjempegrrurg dieesited Fpodfirde Senfrodhdue fige onirelsstiodds by radip G¢@RBOMmagnetron
substrate 26 can be fornmed by a nunber of well known
processes such as the well known [ ayer 30 transfer
techni que. In that techni que high doses of hydrogen
are inplanted into a subsurface region of an oxidized
nonocrystalline silicon wafer to form an hydrogen
stressed subsurface layer. The inplanted wafer is then
flip bonded tononocrystalline silicon substrate 32. A
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Silicon layer 28 can be inpurity doped either N-type
or P-type, but is preferably doped P-type. Substrate
| ayer 32 is preferably doped P-type. Dielectric

waogiol akiseg | ayer 30, typically silicon di oXp@fysnronssrs
preferably has a thickness of about 50-200 mu. A |ayer

of pad oxide and a |ayer of silicon nitride (shown

here and in subsequent figures as a single |ayer 29)

is preferably formed on the surface of silicon |ayer
spuitfing” DR €rdaiflet QK] APli@PRysRE LYEAYWOLDY, HAS! Bdbluary 200@XApdAE BN the entire
dlsc‘ag.lrcaof Uﬂicﬁ’é H\@&ﬁor&tfd herElQr)y -%?én@!@ l'l%e Bél'lllgyepnbr@gglrl; !azp%ned to a thickness of
abogl:,?!é }mg: olrg écrclzlértﬁarnlce \;.ernéll(i)g'en cénl?: |mcax (b lltV(‘:l’Blﬂn im‘ yczt bmsé.ru 1mpumy doped with
m‘\"ﬁl”d‘k fréLs g graG “i‘TPHEh R @§éT dprers fhq BCATrayerran berif megnetron sputtered
frongwaariet Gt dolveriseabuyivipS@BivkOtiatidee zpadivaX b@gehNint i dgand AMElal such as
scandidmi F&%wﬂngﬁe&ﬁﬁds:ﬂ& drhe B%Qﬁ‘fla%&'ea &fons Inle!api%r gﬁY@Jpos%&i » onto the BCZT

!aye?cftrefcrgarl amclaglaP T S‘LF é_ﬂ lgplg%ehgeposmidh%glfb thlg:'kness ofévater than about 150 nm.

In 2 ppefiired fbafimgnt S Yty Redt Poes) wég*re&hévebf‘* % beletihe! and metal layer
S0/BGEyY daver 53neRiGayef Prarcoxmenphlly dippsifed byt mgenetiva bdutaning wigalpreaking seal in
the $pBt@kiad dppRanisSTihg pre@GHdQREipodfion ob Ghe ERIZG Ié?y&- rtzst]l@;tm e)étﬁlﬁen tw leakage laver
hawtx@ﬁ QM%QQHL Qﬁw&ﬁ'&@%@éﬁ lhglf ab‘i)melosl!tht :%% pgan Bne usseauent\l\%ndard MOS

MR R ok L MG .
and hedegosited e layer.. | n general , STI includes a shal | ow

trench that is etched into the surface of the
(0018 i Asghretreedar FISUD S rathed inardorfdnert withan gulivdimepu efiikel iyvention continues by
plandrizink @6 mMalCZ N Bibrd fok BImPRbLEHeRlcal ridfHatat §I38iERRENP) using pad

ox:dklﬁlmtlé labee Q!) \A\ﬂ z; H)h@nstdprl§ Han@Eel tggdemtt&rlb%ls 05 xng ?l?cof? iawr %9 0 d the STI

ace | S Us [ an or, exanp
e G mt G oS R P e PIL T b el comsor 26
BCZE lvareiniomes tepedivlesyis fayereof Whascappsitqs; 398 neghlayer érpfom thy prker plate of the
capaGivP pmeciess: @nler pcQlidgiz8iot e BOZMAiyRARE bOfnndafa@ 1oSibbkda@CRe dielectric
cons@hit oBthd Tafe@ NPrd @B thezlgﬁ:r id s J?\%caﬁél' by 268 M@ﬁﬁaltaﬂac!alﬁgl]ﬁ%?for a nme of about 5-10

secox?!:l@ QE%LJ%Aéaeathre% Q‘rQha;x 915‘0“(,2 and mo:g re e:ra or a nme of about I% s?,c%ng H}? tempemture

bet wee ors as requi
g’“‘?‘h‘%"“df’?ﬂc%?"fh ’Ee"n ‘ﬁ’g’cﬁawmf’é??éﬁt‘é%? ! 'i?ﬁ@l Bheggnepljng a*squhd&sédempﬁams is
possiple Beca@e g dngppléne wkks pive tbefere ghiestbbri¢Pion of MR |tasthoover High @mperature
annclRP indifcaskdBe Sg-llaqmcpﬁﬁlsta%f A/ BT b @E abolDvaldy RbinadR, w@;rlgw temperature
annesiink | CON layer 28 and is patterned to form an opening

42 that exposes a portion of STl 36. As illustrated in

B L
°°"“%‘5‘<‘§FF§P’}§’ yrrERe e ECEPRNTIR THAVESZTriel layes ol e plane of the
uppef yipcp efehicridares8c brepdorfensel withethie Fabvdimed o bibrgihvemien. ddaybr g @xide or other
diele@fl, mit@ialcoap 66 GepasitPDékd BN redkSsed matdiidl h@iQiAn bay@hriz32by M additional CMP

proce@g Q"hz.eﬂyep&%mhm ofhék dtcm:{'ﬁc %@Irgg-sesttJUn(gaHgntemmmﬁi-BZT%%wmgenal and

er

o lso(?ate lga? amatenatl Qrom sﬁ)seauent pror%%sstagste S Pseg f“ t{mhé ﬂ\?’éﬁ%“"b"ﬁ““&l-“‘f Wg devices

used E?d‘ﬁ‘tl"d‘l“’f‘ﬁ Wﬁdﬁ"y’"‘ﬂ'é'l"%i“?ﬁ HPHGFRs are inplanted (as

i ndi cated by arrows 46) through opening 44 to form an
100268 ¢ Fpjiowingysher $MI) agfiorsardlinectypoppd ABid/nitidy s @8 ipromeved prd4Be exposed
surfa@fof Siliton dEr 183l @€keand@ingepirhtiobl ir edibhg | fibribdkibn ofMOS transistor 22. MOS

transifi@! 32640 Stgfamw&eﬂ@doﬁitmcm#stégarﬁ %@ﬁoc}&éﬁ thtgs ﬂ:ELgﬂanQJ‘ w:th steps 1o
de/nitr.ide
comp%mheqq?caufrhand m(t)crcfmnecuon ?q' cagjgcimorc 2% ﬁnt? ac %1Fcu 2@:1 no ﬁ,\]s flﬁ.\éﬁted in FIG. 8, a

 hin IR BTS00 LA S O FSHToOR RSO b st 21 Pofeet erpgpfecsbly has

thickitelyeof pioustich s | Bib gat@Od0 O Tilalb bedeposaaiD for ngmild By phahita vapeddeposition
photoresi st mask and careful |y cleaning the surface of
the doped region, a |ayer of netal 50 is deposited
onto the surface of the doped regi on and overlying
silicon |ayer 28 and the STI . regions as illustrated
in FIG 6. The netal |ayer can be deposited by
physi cal vapor deposition (PVD), for exanple by
magnetron sputtering. Preferably |ayer of netal 50 is
a layer of nickel having a thickness of about 100 nm
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5 froma target that conprises barium calcium

titanium zirconium oxygen, and a dopant materi al

such as scandium Follow ng the deposition of the BCZT
w@¥Rbeassecond netal |ayer 54 is deposited

BCZT |l ayer. Preferably netal layer 54 is a g??&@f(ﬁ)lﬂﬁusu

| ayer deposited by PVD to a thickness of greater than

about 150 run. In a preferred enbodi nent of the

invention nmetal |ayer 50 and netal |ayer 54 are both
(CYID)Gk &hw pRdadirel¥Bdnadal #aﬁx)f&lbpoﬁ@dnm_pd) ayChenfddelRiod, tmbk B¥Ehsulfbr does not

necd E&m%ﬁ%%ﬂhé aab L .rg@mgl é,&s@lm%)é 4 figPHAKL R SR ULE STHAS, o the tike.

Th a¥e msh’iat?r 15 ormad mgeljﬁzjl%cnti{ ol’n c npacn‘_or |Pﬁgt0%%%r'\: e}ecgréolycg?cc ?xpétg %{c?%ﬂgjﬂ%iﬁ\wnt of the

invepigy “a'mcess qf aw‘weéakiafg@wl**as»@rwmwaneg*hlakrmser eyt 59 pm is deposited onto the
gatciosviatoa rithe pftycgsteiéiteatlictrivanbealg@sited, 16 etampk, by CVOOFERrddldtion of silane. A
laydbieb b pRAIRERGLPEcaS L%Hdﬂ@'cgod\‘mnyﬁﬁ)ﬁﬁb@%@étﬂﬂm sifQR1 RuhoRAot iltustrated, as
is u%ﬁ 'kx%%/nr!zl !S));:r oqgmxr c%ve co?img mlgt\e/r%pmay alllso Wagleﬂbsqed%at\v{:eﬁ(;ayer 58 and layer 60 to

t ween sur
fac'&@ﬁﬁ&?ﬁ‘t é°8““ﬁ’é’f‘"éff““lgé’§’énr‘”‘yiﬁb’f8‘"93§ iaP“Flsﬁst rated in FIG 7,

t he nethod in accordance with an enbodi nent of the
10021), o Brpoent? of Blwfoirqs'iatégpaﬂgfncd Isanﬁfchwasrkifgitlﬁgutts?%em patterning of polycrystalline
siliqyg lagdy BEBTomretha batd dgcavds of MOB texiamipi2e:s byll ehenga@alicctrodes of other MOS
tranBiR6R 3iNhe8) APluadiaed A3HE. ONhd fublB:sisklS |pfégra91§gau@%$d(1§.la Ra'g&h[r'a% of masks

62, l!i@)‘@ 3. 21\9@@3;2 l?ﬂl&%éd%{lpaﬁérl?g I)Icgstglﬁxggygon E:fyer Sg %%%%Igate € eccmdg 70 of MOS

wa t gilrzs é%nlg 63 1 con W%/

THEIR MRVER. B 2ot B E R frrivgers By amas The rbm ask pater
re“‘WFSI prox{miy fifegty assqsiagetl evity fhe hotebitiqerapivgteeapalchtinmtbe JamatREZTeate electrode
70 dnayte rdubidy fa@5.NBhd M@y 6l @dsIBGE sk Caslad ek mBk akd\@lycrodMae sili@h layer 58 is

ctcl@(ﬂ @)r %L@le b)l I@E,GS fo%% eme%d\; ’ib‘%n@éuﬂﬁ:& gzﬂésa‘é %4 QlIld ';6h e

capacitor. Either before or after the planarization

[ooizhe ﬁﬁZImloé\ %Jatt&ﬁ:ﬁ pbﬁoéﬂﬂ@ G%ds c{e\gal sHa%&%?OZ 1B r}'grrned nhxhc sidewalls of

constant o
g"“ﬁ“"""? tond iy BE° 6y "+api @ e 'Sa*l‘iﬁé‘éi’l“ubﬁ&"’c‘ﬁﬂ*’ﬂ)‘s e known. by
dep%f“‘t’ﬁi ﬁé%f ohEee Bidq Or seotrers: frmipe manpidr altarseacer Batiey material is
anispthvgioald p@Ecd afod ex¥psle b meE,e6 addlove. ho madial e hodzomd) Quiacek Ovhile leaving

spaci@ CRME Serfhl s@ab & MRE Ak MHEEin BIcS 2, ?Jurct: Qﬁzﬂxd %QQQ%QH&% ®s Fansistor 22
e FRRS) Bl i S ok i Y it il g e 70 s
space $npt JrEmskpgEsitt HEver @B ey A B oM lniggshask offhe pattemed
pho@isist f4yey arotegisrpheregbtipe of e eiahit pbich showld as &s iniphated at the same time as the
sourcH 44 &6ih FekiGnsC DS IARttedGdns £ B¢, %Im!)l@-)ﬁﬁé'mca)b&\éﬁhc\@g i8S transistor 22 is
an nQLMl GQ:QLLA& :Wdt::m beg¥¥ort 1% F];g IT% @3%&?&5 Eg Thg's%%} {?431 in the art will

rdan

o g Pl fooeiged @W“’p‘f”b’&’@‘é‘%‘“tﬁ’%‘rf"%@" s geion of MO

ﬂﬂ%%%@d BrRemigtilezEhprgpl apdior eabpoest MQE tpisisiess sian be fetfricatiigo implement the
desiipbdiahil BCHN net al | ayers bel ow the plane of the upper
surface of silicon layer 28. In accordance with this

100281 o4l iape Bt die@Erit fiReriaNO0QIHepRifed otr MBY @hinsitbr 22 %hd0RcoQFlin®daPRlior 24 and

the tg;l ﬁl‘fﬁ:@'ﬁf’ hé 1a§@§sq:ﬁalnﬂ'lzecpﬁypeygﬁpig ﬁ)p@ﬁi’t gge &&t& c‘&h&l p%%%é%? grc etched

e R e
P ‘°f‘f‘fﬁ’tye°f“i‘“§I OWV%"’S&W @soé’mw adiasent fqer trouel YBAHY of metal|layer 50 so that a
portipadf @reiablhyeatdds dxpostdyltgtcentdkréninga t arifvadarch ix0MG SUBOEQhtEN fsistance of
portipd QQ:&S&HEQ:{:& by fer Hﬁ;@ﬂt:dgnx t}d @onﬁ@bﬁlygéﬁﬂnﬂ’xﬂlg %s lnto the surface of impurity

dopeﬁge{g\ég an Jtog glh%/éﬁ :m%%llrlitﬁs?)e glonfbgyé%xﬁn ﬁmem'i si %c: ﬁxt g%k)%gge‘ Either
U SRS 5 € PEBASIISHER A FRRPER Ptae 1yt oo Gues e heavly doped
region eh‘bv@ﬂﬂl gilidied praioesap bs fotned thrdughoeentert orshihgs Dwrink she @maR@er bfielectric
cl eaned hr preparation for beginning fabrication of
MOS transistor 22. MOS 35 tfansistor 22 can be
fabricated in accordance with standard MOS processing
that is integrated with steps to conplete the
fabrication and i nterconnection of capacitor 24 into
the circuit function. As illustrated in FIG 8, a
thin | ayer of gate oxide 56 is thermally grown at the
surface of silicon |layer 28. Gate oxide 56 preferably
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20

WO 2007/ 126488PCT/ US2007/ 0114374 (CVD) or | ow pressure
chem cal vapor deposition (LPCVD). As nentioned above,
the gate insul ator does not need to be silicon oxide
vanghoasknst ead be, for exanple, a high K dipgbgelhiiz7a
material such as HHSIO, or the |ike. The gate
insulator is forned i ndependently of capacitor
i nsul ator 52. In accordance with one enbodi ment of the
invention a |layer 58 of undoped pol ycrystalline

matgial 0 @ONMAa VIR gr Boré ATk B6S o@hingly8 it tbletdkd hibugll @RS ikbrial 90 10

expdb1} &}ntoh ef écogl%ﬁal |1J9e§'l$l% aﬂ%ugbI&%it@tﬂl’te)é&/ﬁ&é@&f@Lh Il leld &Qgstand that

adle?nal co?:aaf;ﬂ :;;%m%sl tz)r ééxftm@f)t Fe Q%Ers? gurjagnscljr te P tﬁ)ﬂcp{? Ibré(gs {rj%gl%tcﬁgil can be
”d@%HWﬁﬁge6W3¥H%WF%?%W@6P°D ycrystalllne silicon.

Al t hough not illustrated, as is well known, a |layer of
10024y | Acfysisiadii BlCe Hardnitg ongrines $2a0d by Blled with eondiepoglueetdO and 102,
respéz@telve @nanduaiyepluds 300andl 102ayete, O :xkinpid, &Bgs{eh blﬂés@oﬁnhﬁ:y sequential layers of

titan D SERIAEALiad Al t@[[gmtrn Cexths RALYERE Mr%lte@JI r@rﬁovg‘d llrdnptgpsul'fﬁ% &F dielectric
!aye|5§)' wlt%)zz 1&?n%¥c%veh[9ugssq Qecg'ltcg ec%rlmec% § regnon 43a and preferably also

seq uen
contzﬁ;b{ rf,td?eyngllaggr {Sq zﬁéhal T@algﬁytfr 1%ppsqdé§pég thsedet CENRE PP§NGS SBalBé contacting
bothgrieaPyerddimpfiritpRSed regard B Steaesis@ie @shekplidm @de df Bpach@2@is reduced.
el ectrodes of other MOS transistors of the IC. As
10025] | twwgk ecl ilhaudiddGabiBatioh REthp Nodkalee Sinit cirSbeb@fi@EAR a/manner well
knowD RLhdRE HYain lif ha akt, 8F Weft sudl 4 aypogttngmﬁ@ga%crﬁlgg ﬁxﬁﬁa d:@l@nlncﬁgyers etching
openmgks {ﬁré)gggnl L+o§e Fape?sn c%s?tgsF temd rﬁo Q tn%n%rnr;]ti «y e aycé%%lt aﬁd 1mnnect the various
devlctef }:i’Ffs'P‘%‘f Bt X\Q ?tal mw@d elﬂ:urt 616d lhamif: 6%":'5\?“@?5 G€ avsll tkpp i ipdypeed not be
descgfgfrimdetgjbereiy. 72, 74, and 76. The constant nmask pattern
reduces proxinity effects associated with the
10020 h o tWllile btheog caphRympbinepdodig@dhasibien presedidiian the forpdisgQiRtai@ll description, it

shoulgak @pp%i@t@ct hQ A6/ast J;ﬁnbzpofa@l(iiu&g 8xifl U ¥ @lfs@@ ap;-rrra%tea El{atal){e exemplary
cmhogrmemlsgcg' ﬂls?y %ggmgn% a% teg mp S ar%qgt ﬁend dto ll\{asn’t ﬁe stc%)e apphcab:hty,

1 con a er or exa

or ““f‘B%“fﬁ"‘Q‘a‘tféhee'f“ﬁﬁ‘toPd'ﬂj gﬂymy arﬂ‘d‘}‘ﬂuﬁﬁf}"@‘ai‘%@‘a‘? de?cllp‘waﬁﬂ' frgvide those
skilled O 212 PAfikra gooyenigitTepdpenptfor meldmptiat te esinplaryl apatim®Oor exemplary
embogin@@Walk bhoBiP B€ BiiderstB (R Rarid® hAEdTREh RMAID 8 &) GRWER 18 afiligement of
clemTR GGk %Mxl%d@om7ge Q:Bg: oqi mexgxgxt %Sset7fgﬂh |Z e a%;%gdez @lhimg Iz;]ned the legal
mmwlmg“waok spacers can be fornmed, as 1s we

a I'ng a layer of silicon oxi de or ot her spacer
fornlng material. The spacer formng material is 20
ani sotropically etched, for exanple by RIE, to renove
the material from horizontal surfaces while |eaving
spacers on the vertical surfaces. As illustrated in
FIG 10, source 82 and drain 84 regions of MOS
transi stor 22 are formed by inplanting conductivity
determning ions into silicon |layer 28 using gate
el ectrode 70, sidewall spacers 80 and a patterned
photoresi st layer (not illustrated) as an ion
i npl antati on mast The patterned photoresist |ayer
protects those portions of the circuit which should
not be inplanted at the sane tine as the 25 source
and drain regions. The inplanted ions can be, for
exanpl e, arsenic or phosphorus if MOS transistor 22 is
an n-channel transistor, and can be boron if the
transistor is a p-channel transistor. Those of skill
in the art will understand that nultiple sidewal
spacers and nultiple ion inplantations may be used in
the fabrication of MOS transistor 22 and that nultiple
muhannel and/ or p-channel MS transistors may be
fabricated to i nplenent the desired circuit function.
30100231A | ayer of dielectric material 90 is deposited
over MOS transistor 22 and decoupling capacitor 24 and
the top surface of the layer is planarized, for
exanpl e by CM?. One or nore contact openings 92 are
etched through dielectric material 90, 511 38, and



WO 2007/ 126488PCT/ US2007/ 004374 material 90 as a mask.
One or nore further contact openings 98 are then
etched through dielectric material 90 to expose a
portion of second netal |ayer 54. Although not
illustrated, those of skill in the art will understand
that additional contact openings, for exanple to the
source, drain, or gate electrode of MOS transistor 22
can be etched at the san€LWiIMS as contact openings 92
or 98. 5100241As illustrated in FIG 12, contact
i.hgs,; 92 and 98 are filled with conductive plugs
“”@gg%%ﬂgaﬁgz, respectively. Conductive plugs 100 and
102 can be, for exanple, tungsten plugs fornmed by
. seqiertlicl fot @peeasingh stmtcandueror coinp@renuint niihg iz demicamdlictor
o tuq%§t§$) Excess pondyftiye.qat (iakvis emoved from
" PREVGL Y e & S AR R FiTE STy duseT Byeraimy et et gnng the
firspde@sond 0o PG AridGaleloh dGORMIRB UL b¥erdaRatk e AN
. 48 and preferably also contact first netal |layer 50 as
insylpigt, thegpeihod egpamising thspersed: al ong the side of contact
openi ngs 92. By contacting 10both netal |ayer and
| Mpugtiiye SORRH TR0 A8 1ayePEr hEFiSt
ol ot oo BORRAABLI H L R P BBE A b PR
semjigandedtetdped; fabrication of the integrated circuit can
be conpleted, in a manner well know to those of skil
int . eps: AS. - )SLE ! tternin
fureher Tt B BT 0 BRI I AL B 49
intot thogeenireyed sontde pashd ¢xpgsanebriat dfehaiingemidoatiudiay eyes;
to contact and interconnect the various devices that

make 1.he |. integrated circuit, and the |ike.. ‘
SuorcLPeaPab Bl Neb A ik Rh B o Tt S il s e
conipnisidg badikm hefe@im, titd00262Mbhiue, abd beash incddCor@XREW idr e
f‘ﬁgbgdﬁggnﬁ gﬁs been presented in the foregoing
OrEE B 1S degeyPpineIgIn 1 RIGhYE IsrakE e prrechalestthen areia
vast nunber of variations exist. It should al so be
apprepoatigc idaid ke xR L&l QRedicnRi: 1Hferexenpl ary
enbodi ments are only exanpl es, and are not ‘intended to
limt the scope, applicability, or configuration of
t he 3AERE i“zﬁfﬁ?lﬁct% YGRS @ (eRapdiaiLe ip BecepopegBitng

detail ed description will provide those 20 skilled in

t he I@Ihva% hRoRios QNURITIreNLyck 8RB Rhd RfledifPlSoRMd 1Y

the exenplary enbodi ment or exenplary enbodinments. -1t
secagf damct o hiacaheierizing o sepend spariqonductetaysy tsexpase doerfrealel the
smﬂnﬂs&ﬂﬁoﬁﬂﬁgﬁh 1..and arrangenment of elenments w thout

departing fromthe scope of the invention as set forth

in the appended clainms and the | egal equivalents
t herfewfing a layer of gate insulator at the surface of the second semiconductor

layer; and

depositing and patterning a layer of gate electrode material to form a gate

electrode overlying the layer of gate insulator.

2. The method of claim 1 wherein the step of depositing a first layer of metal
comprises the step of depositing a layer of nickel and the step of depositing a second

layer of metal comprises the step of depositing a layer of nickel.



CLAI M5 What is clainmed is: 1. A nethod for fabricating
a sem conduct or conponent including a sem conductor on
i nsul ator (SOO substrate having a first sem conduct or

| ayer, a layer of insulator on the first sem conductor
| ayer, and a second sem conductor |ayer overlying the

| ayer of insulator, the nethod conprising the steps

of : et chi ng an openi ng through the | ayer of

3. i nsiihanethod of @xipos eharcipahd stgnofafepbdiend 4 diskectric layer comprises

sem conduct or | ayer ; .depgsiting a first |ayer
e SRR AL BB G e cueniio b B cbRguLe o e9er and
into the opening and contacting the exposed portion of
4. t heTlid imathos endlgiandieher cohyiehy the step of Img%ﬂﬁ’xﬁ% EnBB Rty
dielectric |ayer overlying the first |ayer of netal,
detgiunigg Kna dirpydh rageaninecitgdine egirplaemigand edordingio form a
first &IEARIIUAT 2 hJa€@GH UM and oxygen in accordance with the
formula Bal _xCa, Til.yZry03, wherein x and y are
greater than zero and | ess than one; depositing a
3. secdithodyler fapricatisg alseraigeirdugion gompenedi iobleding ksethmyedtuctor
an | i di.el G, L ay ~a tenperature in
on AANEBLUTD {058 BB § b RGP ST REDT ot afudelyap e
firsofermemelitot lagerdarel ssetanidcehayadyciangd et beerSapandiayaygr

. of tal pverlying the second sem conductor |ayer to
1na§§8g§grgmgﬁfgg%gm 2 (PhECRs@lond seni conduct or | ayer;
formng a |ayer of gate insulator at the surface of
t he aedong fiseopeaindiein@ngli@yest thalétond semicondd€RPRE tHehe
an?,pafterning a layer of gate electrode material to
layqr oF iswlalkt e el ectrode overlying the |ayer of gate
insulator. 2. The nmethod of claiml wherein the step

of depesiitd N0add J)\reﬂpilnk;@ycesﬁc&i‘d s%'ic%lhd&‘?&n!&e% e filng fhe

step of depositing a | ayer of nickel and the step ©

firsiwspiset i ng a second | ayer of metal conprises the step
of depositing a | ayer of nickel.

planarizing the oxide by a process of chemical mechanical planarization to

expose a surface of the second semiconductor layer;

etching a second opening extending through the oxide and the layer of insulator

to expose a portion of the first semiconductor layer;

implanting conductivity determining ions through the second opening to form

an impurity doped region in the first semiconductor layer;
contacting the impurity doped region with a first layer of metal;

depositing a dielectric layer, over the first layer of metal, the dielectric layer
comprising barium, calcium, titanium, zirconium, and oxygen in accordance with the

formula Ba;.«Ca,T1,,Z1y05, wherein x and y are greater than zero and less than one;

depositing a second layer of metal overlying the dielectric layer;



3. The nethod of claiml| wherein the step of
depositing a dielectric |ayer conprises the step of
depositing a dielectric layer conprising 134.96 Ca
0,11484 7r0.1603, 4. The nmethod of claiml further
conprising the step of inplanting conductivity

determ ning ions through the opening and into the
first sem conductor layer to forma first el ectrode of
a Caﬂ:a@ivtrgra portban o thnefi 1h01dycflb)lfnfcab rthediticogic dayer, and the

r c ent cIud| a sem conduct or
secf NS PO < DERERE reson eatlr gty Fa ) Qgteict fonppien
medhAMRALplahalizyi@h; of insulator on the first sem conductor
| ayer, and a second semni conductor |ayer overlying the
| ayer q | at or, .the nethod conpr|3|n t he steps

o lcithe & NREGE erandRe Be G SRS MBIghoT the

,nwhhgqﬁgggngmﬁeﬂhponductor | ayer to the | ayer of
i nsul at or; deposi ting an oxide overlying the

second sen1conductor layer and filling the first
openIOH‘@'“é a lirst electr typléy]gqqdzlptﬁg: cehlacigritigampyrity dopesbregiwnand

& So@&ﬁf@l&ﬁlma E u'cﬁ@é coﬂ @pt%r h&f&‘cb;?c{‘ia%? o??gne%?e a surface

of the sec sem conduct o etching a
second openlng ext endi ng through t he oxide and the
6. | aylde npfthddngglean drvitceciexpose o dpprsitingn difleditielagérr stmprises

the GEFLFABSHAALT G BA TR bsp o pRis B L i G or m an

I mpurity doped region in the first sem conductor
7. | ayféue lnedmdt(ﬂctallmg witeeein mutdptqfddmedg,rdejgsf@m]d/\napd% f@rther
g a dielectric
compiSoe Se0" Rhibibeeten capirisige roe st e 1 epebti e
dophi@yeficr@npri si ng barium cal ci um tltanlun] zi rconi um
and oxygen in accordance with the formul a

y y03, wherein x and y are greater than
,ngr\écﬁ J Qégé)‘tcﬂlé}ﬁ: %ch%ﬁ%; @qnﬁ@ngmg Whee 3 seyEgongipctor
on 1@1@2@&1 (VB u¥deR TRhodi GkeEhiddhah@YBhver, a layer of insulator on the
first semiconductor layer, and a second semiconductor layer overlying the layer of

insulator, the method comprising the steps of:
forming a first capacitor electrode in the first semiconductor layer;

depositing a dielectric layer overlying the first capacitor clectrode, the dielectric
layer comprising barium, calcium, titanium, zirconium, and oxygen in accordance with

the formula Ba,.Ca,Ti|,Zr,O;3, wherein x and y are greater than zero and less than one;

depositing and patterning a conductive material to form a second capacitor

electrode overlying the dielectric layer;
forming an MOS transistor in a portion of the second semiconductor layer; and

clectricalty isolating the MOS transistor from the second capacitor electrode by

a shallow trench isolation region.



renoving a portion of the first |ayer of netal, the
dielectric layer, and the second | ayer of netal
overlying the second sem conductor |ayer by a process
of chem cal mechanical planarization; etching a
third opening through the first |layer of nmetal to
expose a portion of the inpurity doped region; and
formng a first electrically conductive contact to the
9. i mplirei rhathatbpathimeivhdcianisk sepseeiopshitalgecdiclb@at layer comprises
' qgndﬁétiye cogt?qp,to the second querrgf metal . 6.
the $@ OhEtPRYH S IS 18y AP R TNg B ost dp Tots: dipddi t i ng
dielectric |ayer conprises the step of depositing a
10.di efRGhéthad drayem CORREL e BAURRiIFA% B4diQe Ber further
Zr0.1603. 7. The nethod of claim®6 wherein thé step
conyrisgrd o gier phéprangihediskeciricdayeayer further conprises the
step of doping the | ayer conprising Ball % Ca0. 04Ti 0. 84
Z1.0.1603 with a dopant material. 8. A nethod for
fabricating a sem conductor conponent including a
sem conductor on insulator (SO ) substrate having a
first sem conductor layer, a layer of insulator on the
first sem conductor |ayer, and a second sem conduct or
| ayer overlying the layer of insulator, the nethod
conprising the steps of: formng a first capacitor
el ectrode in the first sem conductor |ayer;
depositing a dielectric layer overlying the first
capacitor electrode, the dielectric |layer conprising
barium calcium titanium zirconium and oxygen in
accordance with the fornmula Bal _xCa, Till Zry03, wherein
x and y are greater than zero and | ess than one;
depositing and patterning a conductive material to
forma second capacitor el ectrode overlying the
dielectric layer; formng an M)S transistor in a
portion of the second sem conductor |ayer; and
electrically isolating the MOS transistor fromthe
second capacitor electrode by a shallow trench
i sol ation region. 9. The nethod of claim8 wherein
the step of depositing a dielectric |ayer conprises
the step of depositing a dielectric |ayer conprising
Ba0. 96 Ca0. 04Ti 0. 84 Zr0603. 10. The nethod of claim?9
wherein the step of depositing a dielectric |ayer
further conprises the step of doping the dielectric
| ayer .



