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unig%%g/ Eﬁ%%&g / 8%1.]}%%%‘| semgzgxaluc or2c1D Olée"e/s gnﬁ%c%?rgan e w1lthI t)l/le present invention also

sigi{jeanttycrefox the bwe pleflicigrs de*flcetcm%mga thsrebsdloyigg the ﬁréﬁallamerr ofi legycool capacity,
which @lsoScotabutts @la@igﬁiﬁiaﬁﬂ rédubtiy of pow&&%surﬁitnﬂ# E@eo?{ﬁiy in portable dev1ces

h t
SC %‘Era I 81gr %}boctﬂm% nts élic%se{i‘leagg ce:%g: 1 tre&)lve Pn%a g%%g II{VgIEIOIbW@f be modified

anct M@U«:@e s diffeagne bip @qmvalem neAneers agppﬂremato tlesmoskdliemnhe art laging the benefit of the

tea&h@hﬁ? ﬁeré%105 F Sfaé&alﬁﬁe Stlkébﬁ't)é@ﬂt deBd beY forfhOMBVe] r&??ore]: C}errforme(% mbei different order.
other suita

Fullrioi b Gt et RCTHIE Pl PSP Rrorgpoy ot than s
desgriped] in t8utesraschetomt |Ityis therbfore| egigent th@0k pfasicya embodimedts [disclosed above may be

alte\Péal (!r rﬁ(ﬁﬁﬂ%@la})cﬁ Q?gucpngltlaghﬂst a]?pg(gnﬁgé?éﬁ @iﬂ% Bk Cst'dp@gmd spirit of the invention.
ues so that the cor respondl Nng process steps

Ac%i'q"lg'yn g"t prﬁf‘éc“ﬁfb%%h hsesdn ihassgifqath insthesiainas bSlows hows t he
sem conduct or device 200 after patterning the |ayer
205 to obtain a gate electrode 233 fornmed on the
patterned second dielectric |ayer 231, which is
indicated as 23 ]a and which will be referred to as
the gate insulation |ayer. Over the capacitor
di el ectric 221a and partially on the respective
i solation structures 202, the layer 205 has been
patterned into a capacitor el ectrode 2283.
Subsequently, the conventional process flow for
conpleting a field effect transistor nmay be carried
out as is, for exanple, described with reference to
Figure | c. Figure 2g shows the resulting
sem conduct or device 200 after conventional spacer,
i npl ant and sel f- aligned silicide processing to
obtain a transistor elenent 250 and a capacitor 240.
The transi stor elenment 250 conprises netal silicide
portions 235 forned in the upper portions of the gate
el ectrode 233 and of drain and source regions 236.
Mor eover, sidewall spacers 234 are fornmed adjacent to
sidewal s of the gate electrode 233. Simlarly, the
capaci tor 240 conprises sidewal |l spacers 224 and a
nmetal silicide portion 225. It should be noted that
contact portions, such as the netal silicide portions
235 | ocated on the drain and source regi ons 236, for
the capacitor 240 are not depicted in the
cross-sectional views of Figures 2f and 2g, since
these contact portions are |ocated at a different
position with respect to a direction perpendicular to
the drawi ng plane of Figures 2a-2g. As a result, the
enbodi nents descri bed above provide a seni conduct or
devi ce including capacitive elenents, such as the
conbi nation of the gate el ectrode 233, the gate
i nsul ation |ayer 231a and the underlying active
region 230, and the capacitor 240 formed by the
capacitor el ectrode 223, the capacitor dielectric 221a
and the underlying first sem conductor region 220,
wherein the capacitive elenents both exhibit a
required high capacitance per unit area. Wile the
gate insulation layer 231a is optimzed to provide for
a high capacitive coupling of the gate el ectrode 233
to the second active region 230 for sufficient channe
control without unduly affecting the carry nmobility
at the interface between the'@ate i nsul ation | ayer 231
a and the active region 230, the capacitive coupling
bet ween the capacitor el ectrode 223 and the first
sem conductor region 220 is optimzed by introducing
a high-k naterlal mhereln the flrst thlckness 222 is

I Y . _l_ r I I '




conmbi nation with highly sophisticated transistor

el ements requiring ultra thin gate insulation |ayers
wOfwo4/023u0f | ci ent carrier nobility on the same POTI52003/027367

area, while reliability of the capacitor dielectric is

ensured due to the om ssiqf giys@ny destructive

i npl antation steps, as for exanple required in the

priér arf SHRIERIGSIOT dRyice. SAPPTIEI0E to the relatively |arge

t hi & ke s@ive 2gion Wﬁﬂ\ﬁ&éqoncﬁ&ctm&?re@w p®Nsepatated frol @t @Ber by a dielectric

2a- 29, r .e technique may be used for

form ng Fﬁm%B%Fw I'n gate insulation |ayer 23la so

t hat c@@%‘h" | 24P formedde ar@@mgqlq {irgfgctiyp d:gnﬁag%oeqhﬁ?aﬁ@ntor 240 including a dielectric

pr ocesses? IMBymie of B Myt acive Rglbeath, Ofd deldtir@221A having a first permittivity;
tenperature oxi dation. Mreover, since the capacitance

per unit” area of the capacitor 240 is significantly
incpédééﬁmﬁenﬁﬁv@wf@UW®umhWaﬁﬁda@W@e@éemﬁWF§0Sdﬂﬁﬂﬁéﬁﬂﬁmm“m
same timgsg 1né]ﬁfﬂ'}§aa§g%te%éﬁlﬁtﬁ>ﬂtlaybrs23@ Erh QAT AUnaR6l thiibiSa second permittivity
power cons e sem conductor device is

u
decr ease a“?ﬁ%“a%%%&?ﬁpﬂﬂwsgyof the chip required for

providing a desired functionality may be reduced.
Si nee | €5 naﬁl?ct()ndugtoﬁtfeen@é ed1Bg ", whefeiY\Qi @Qi@l@ét@@é—ﬁﬁoof the capacitor 240
PCT/U82003/027367 unit area, |nte%mate mrcgh

compees aidfar Grs AR Qe FirceninR tisate hanum oxidcpad hatniwp sificaen o
present invention also significantly relax the issue
of §Uf fi qheeggmc?%%bt&ede%g@lﬁ{ dtn lt Qﬁerr&pyaxdali !el&‘ﬁ’ic%h& QF said capacitor 240
installation o ess cool capacity, which

inclugas ope HHPrE subtlyyery sj gni fi cant reduction of povver
consunption, especially in portable devi ces. The

par t4I cul Q‘fxe semxj g?du%nge%c &tsc?am%) %eﬂrﬂ%p Qﬁrigggga F)r%rréel,r fl?yeer ddisposed between

illustrative on I nvent
saighfief agsivaeeire 28 al‘%a’é |dfe¥e€5¢?‘?e7r¥t1 A BiFt“déﬁ’a‘i“%% nt manners

apparent to those skilled in the art having the

B?ggfelsg gEee B%ml?g(iuc arC '3'% ncgz ovarég rrgyfu o coemrp?l gmedba;ner layer substantxally
confileftefhyeqoraning syrfefe portiongpfirspid dickegdrice?2 1Mo |imtati ons are

intended to the details of construction or design

herein s t her than as. described in the clains

bel Sw. *@w?ﬁ@FﬁﬁaF%ngrﬁ@%t that the particul ar

enbe @rsntevﬁcswqqumhtdmdd ia oo a freyseiisondpdtqr eagiwg 22k and

nodi, i ek c%gtx@l ellem%M (?J}mé’cﬁﬁ hr@to'n Q @&orﬁrs@n@&l@&b@l %r‘%g ZW dali st capacitive
the scope and s i on Accor,

nven
the prot CEE, ﬁWEBEJ@% Srvebne PLRHLREY byt o b %ﬁﬁlcondm region
cl ai ns betmowd a Brst\WonRiI0D4 /1§21 ahd haGTd WS DBBIeB222265Aid second capacitive

CLAI M5 1eletﬁ\en§ %SH?QQHQH%&QM ggé/cltrf‘ceﬁl %B&Ed §ét\ﬂgn szi?l'd Eéc&ﬁtsemlconductor
active region a second active region

separ at efFeiop g B4z 1w FRIFUCHYF layergndhaxipg # fegond F%'I‘eést $on

St r waérkihi @ c@@c‘?tancapﬁamaﬂéatdﬂﬁal(ﬂﬁlﬁ cﬁ;ﬁﬁﬁ‘&d:lehﬁnt &Bﬁduzﬂ)vﬂr‘ ghsrahagl that of said
first aCtsl gn% G ﬁa%ki?enel%%g’, wBin.esalﬁ 3&?\%’ t‘u@lzneéigz sr]gsL H’QIII X4 fikst thickness
dielectric 2% orned’ on sal rst active region

220, sai-d@?dielectric 221A having a first permttivity;

and7a fi Qh@seﬁfofvr@@cttortdé\ﬁda of 84106, whelinfsAd fhididdtria DIl AQYBirises at least one
sai d second idfield effect

er
of SR iger S et B RS Bt L on | ayer 231
formed of a material having a second permittivity

thag is hfs §Em'ic|31?dﬂct§radedicg bff c?a‘im Beﬁlm& Edn\phibiXg a Barriel Mer disposed between
sem conduct or devj ce 1, wherein said

saigfirgt|agiive pegign 29 B ﬁfsh@elffgk?&%ﬁ or 240 conprises at
| east one of zirconium oxide, zirconiumsilicate,
haf ni um oxi de and hafnium silicate.
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3. The sem conductor device of claim1, wherein said
dielectric 221A of said capacitor 240 includes one or

wOoreosin | ayers. 4. The sem conductor devi ce BET/USADIN27367
1, further conprising a barrier |ayer disposed bet ween

sai g fir ﬁ‘fme @&Jléo}{cﬁlctgle 8&%@ &%ﬁau@w fuci'ﬁllkrd CFQA& lr?g % bamer2?aéefr Substantially

of said capacitor ) The sem con
compjletglyovering yyfach agrtiqng psrip isteliclesris a2y er | ayer
substantially conpletely covering surface porti ons of
sai % di el/ﬁr?ethrdgf f%%gakem@dond%ct%recmn O{Plg CtB(?irconq er}/m
conpri sin capacitive e Fement MR n
on arorlfhrl%? sustijte %Qidm%rformcbihmpnzazﬁrst %@nweforaiug@rcr@w 220 and a second

capaci ti Veﬁmﬁhcﬁﬂ&ﬁﬁgﬁnQB@Tﬁﬁhrdt@l b3 Bielis Mo stHEGO DED;
2|ee on%?gd uﬁrsto Jlelec? g layer %Iﬁg ga%vmél g'llrsé B{H?i{ttg/%g gq%a!l Er:st\sltgislgxgsa 222 on said first

bet ween semlcdn¢UFtPrSEgl®éﬁQ conductor region 220 and a
fir ?erlﬁ@ﬁﬁblﬁﬁ Rt AMRF 23@'3%1265\4&(!6& p%mtlitlt'lganth Q's&%ﬂﬁﬁi&ness 232 on said

222, salid second aciti | ement conprising a
second di&! gé‘i‘??"ﬁ&ﬁ%’fe%ﬁ’%gﬁg bet ween sai d second
senvattomugl e lager of rapdyictve nBHalfl foamesieo Gaidi fistoand sxixt dewdd dielectric layers to

| ayer ang‘ed?@‘é' fitel &péﬁ@@@gmtﬂmaﬁ!frle&%nas(%pacmee%l@ﬁlglt Awherein said first
capaci tance per unit area of said first capaC|t|ve

el ement PEMEY Pk higher lpngRid secoMRAMItEY- of said second

capacitive elenent, while said second thickness 232 is

| eS$] t haﬁhesrﬁétlgd of £l§i]:n I'i)h\lvf%"(eﬂles%l% ec%ﬁcﬁmlcl&essy}j? isdes than said first thickness

sem conduct or devi ce of cla m6 erein sad Tirst
222j el ectric 221 A conprises at |east one of zirconium

oxi de, zirconiumsilicate, hafnium oxi de and haf ni um

]:c’lulr %%Ztr eg%eqneth-l(;lf? gf c%a?m I%erp)grglg%or dseald fc Isq d1e ectr1c aBen??l’A includes depositing
a mgtgrialj having g3id éttﬂewl}“é’ whm&gckaaﬁdd §'éi -‘dmfcpfldsqtord?géllnéé(t gnd gemoving an
unmaskdd phrtion 9f MDmARERA/ 021440 PCT/ US2003/ 027367 9. The

sem conductor device of claim®6, further conprising a

barrier layer substantially conpletely covering

surflace Phsr métndsof oflaing g2 o wherqins depdsitéig esgidr mageriaRlating 1@, fird permittivity
inclidRE h@dsntﬂg a @i l% ad APBUER AR nRlerisl 8Y ihg@he Babr BRY RQYmbination with

substrate 201 having forned
the? ereed‘ﬁf étg? ﬁ?gr%%efﬁlg'd‘ﬁyductor regi on 220 and a second
sem conduct or region 230 separated by an isol ation

structur ﬂle%ganod bdidih n@ i cBﬁﬁrlsgg ﬂjrrmﬁé 5 ka% léy@ry(ﬁxrexgdge:h?ortions of said
I Vi first thickness 222

ﬁrStéifergglgByef iz?r]§tp”°r§‘éw{fﬁrﬁa'ﬂé‘i°8‘ld dl‘eé“(j?‘ Hy*’ééﬂ formng a

second dielectric layer 231 having a second
per [? tti X 'm'étxod’%ftt‘@rlétllﬁeacsglﬁlgonk&'togmﬁg’ glclgcﬁg%a%ldséﬁt&transwtor element 250
second sem conduct or reglon ernin

and p pasaiye caacifop it g ‘P"‘iﬂé’dﬁﬁ’ﬂ%‘l"‘f‘%l 205 for rred on sai d first
an ddeﬁﬂhg:h fx@aoiveregibred20 @idral secohda¢ Ve Seglon 23(ﬂfy€é}ﬁ1&1g an iEdliftlSIt structure 202;
Cag@gxlﬂl né \S{tgrftghe%&?phygeg]r mr\tsst%%q{r]s? ac%vp reﬁnon %2%%0 feﬁve as a ca’p?]cltor dielectric;
second p@inmittivity. 11. The rret hod of claim 10,

wheforiiny Satdid ARRANIafen D OKNEGS sekdrdl dchivel rEfh 2IABrvid@hTa gate insulation

first t hlla)%xko salgﬁeld effect transistor 250;

wherein a permittivity of said first dielectric layer 221A is higher than that of said second dielectric

layer 231.

16. The method of claim 15, wherein a thickness 232 of said second dielectric layer 231 is less

than a thickness 222 of said first dielectric layer 221A.
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222. 12. The method of claim 10, wherein form ng said

first dielectric layer 221A includes depositing a
woreweniiado having said first permttivity, nmaskrGEQUs003/027367

| east said first sem conductor region 220 and renovi ng

an unmasked portion of said material. 13. The nethod

of claim_12, wherein depositing said material having

t he i r stThp@ethaciof plime k. Whepsen foranang seis Bssdielicly layentyat4 inelides depositing
a rﬂa&yiﬁirhaﬁlrgihademﬁdrmmﬂ% anatking ket lemt ﬁll:c]il fadt ;@rﬁcgﬁdlhgt)r fegi6h 220 land removing an

conbi nation wt t he bu materia

umgégﬁelrd ?rtqlgrl (?ga%ﬁte?'glt permttivity. 14. The nethod of

claim 10, further conprising formng a cap |ayer on

expase d deE tle@AS ofOflaimal SSj whérélﬁ SlEpo@lhr%l famt rﬁdt&lai Wﬁ?\ s ¥irsf permittivity
el ectri

nc Bl Grpo e ST S 0 OBETRG © £ e el b e g e in combnatn

with i Rudkinesépria] eghibits @ldéfrfte@mmtvvtmsu stor elenment 250 and a
passi ve capacitor 240, the nmethod conprising: defining
a first active region 220 and a second active region
230 by formng an isolation structure 202; formng a
first dielectric layer 221 A on said first active
region 220 to serve as a capacitor dielectric; and
formng a second dielectric layer 231 on said second
active region 230 serving as a gate insulation |ayer
of said field effect transistor 250; wherein a
permttivity of said first dielectric layer 221A is
hi gher than that of said second dielectric |ayer 231.
16. The nmethod of claim 15, wherein a thickness 232 of
said second dielectric layer 231 is less than a
t hi ckness 222 of said first dielectric |ayer 221A -10
WD 2004/ 021440 PCT/ US2003/ 027367 17. The met hod of
claim15, wherein formng said first dielectric |ayer
221 A includes depositing a nmaterial having said
first permttivity, masking at |east said first
sem conductor region 220 and renoving an unmasked
portion of said material. 18. The nethod of clai m 15,
wherei n depositing said material having said first
permttivity includes depositing a barrier |ayer and
depositing a bulk material such that said barrier
layer in conmbination wth said bulk material exhibits
said first permttivity. -1 1|
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