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In addition to the large number of transnstor elements plural passive capacitors are typically formed in
mtegrated circuits that are used for a plurality of purposes, such as for de-coupling purposes. Since these
capacitors are usually formed in and on active semiconductor regions, acting as a first capacitor electrode, with
a dielectric layer having characteristics in conformity with process requirements for the concurrently fabricated

field effect transistors, and a second capacitor electrode formed of the gate electrode material, the problem of
“leakage current is significantly exacerbated owing to the large chip area occupied by these capacitor elements.
Consequently, the capacitors significantly contribute to the total gate leakage consumption and, therefore, to the
total power consumption of the integrated circuit. For applications requiring a minimum power consumption,

such as portable battery-powered devices, the high amount of static power consumption may not be acceptable,
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- growth formed in and on the second active region 130. The transistor element 150 comprises a gate electrode 133

including, for example, highly doped polysilicon and a metal silicide portion 135. Moreover, sidewall spacers
134 are formed adjacent to sidewalls of the gate electrode 133. Source and drain regions 136, each includinga
metal silicide portion 135, are formed in the second active region 130. The capacitor 140 comprises a
conductive portion 123 comprised of the same material as the gate electrode 133 and is formed over the first
dielectric layer 121. The portion 123 represents one electrode of the capacitor 140. The capacitor electrode 123
includes a metal silicide portion 125 and is enclosed by sidewall spacer elements 124.

A typical process flow for forming the transistor element 150 and the capacitor 140 may include the
following steps. A polysilicon layer may be deposited over the device as shown in Fig. 1b and is patterned by

well known photolithography and etching techniques to create the capacitor electrode 123 and the gate electrode
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concept that although presently the employment of high-k materials for gate dielectrics in field effect transistors

has not been successfully implemented, as these materials cause significant transistor degradation owing to the
reduced channel mobility caused by these high-k materials, they may nevertheless be implemented into the
same chip area as a capacitor dielectric, since the capacitor performance is not substantially affected by the
deteriorated carrier mobility at the interface between the high-k dielectric and the underlying active region.
According to one illustrative embodiment of the present invention, a semiconductor device comprises
a first active semiconductor region and a second active semiconductor region separated from each other by a
dielectric isolation structure. A capacitor is formed in and over the first active semiconductor region with a first
dielectric layer formed on the first active region, wherein the first dielectric layer has a first permittivity. .

Moreover, a field effect transistor is formed in and on the second active semiconductor region, wherein the field
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leakage capacitor having an increased capacitance per unit area, which is formed in accordance with one
illustrative embodiment of the present invention. '

While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof have been shown by way of example in the drawings and are herein described in detail. It
should be understood, however, that the description herein of specific embodiments is not intended to limit the
invention to the particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by the appended
claims. '

MODE(S) FOR CARRYING OUT THE INVENTION
Itlustrative embodiments of the invention are described below. In the interest of clarity, not all features

of an actual implementation are described in this specification. It will of course be appreciated that in the
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“hafnium oxlde and/or hafnium silicate. Compared to the commonly-employed silicon dioxide, possibly
including a certain amount of nitrogen, the k value may be at least twice as high or even more for these
materials. The exact value of the permittivity may depend on the deposition parameters so that the first
thickness 222 is selected in conformity with deposition parameters so as to achieve the required final capacitive
coupling of the capacitor to be formed in and over the first semiconductor region 220. In addition, the first
thickness 222 is selected to conform with the desired resistance against leakage current so that, commonly, an
optimum value is determined to provide for a given dielectric material exhibiting a specified permittivity, a high
capacitance per unit area while maintaining the leakage current beyond a specified threshold. In one illustrative

embodiment, where zirconium oxide is selected as the material for the first dielectric layer 221, the thickness
222 may range from approximately 3-15 nm.
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thin barrier layer. Process techniques for precisely depositing silicon nitride, for example, are well established
in the art and may be advantageously used for “wrapping” or covering the capacitor dielectric 221a.

Regarding the formation of the second dielectric layer 231, any appropriate process may be employed,
including advanced furnace processes, such as conventional oxidation or rapid thermal oxidation. For highly
sophisticated semiconductor devices requiring ultra thin gate insulation layers on the order of 2-3 nm,
alternative oxide and. oxynitride deposition schemes may be employed for providing the required second
thickness 232. Advantageously, when the capacitor dielectric 221a is covered or substantially completely

enclosed by a thin barrier layer, “cross contamination” between the first and the second semiconductor regions
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introducing a hx.gh-k material, wherein the first thickness 222 is selected to provide for a required low leakage
current. -Consequently, capacitors of high capacitance with reduced leakage current may be provided in
combination with highly sophisticated transistor elements requiring ultra thin gate insulation layers for
sufficient carrier mobility on the same chip area, while reliability of the capacitor dielectric is ensured due to the
omission of any destructive implantation steps, as for example required in the prior art processing, and due to
the relatively large thickness 222. Moreover, as is evident from Figures 2a-2g, any appropriate technique may
be used for forming the ultra thin gate insulation layer 231a so that sophisticated deposition and patterning
processes may be employed instead of a high temperature oxidation. Moreover, since the capacitance per unit
area of the capacitor 240 is significantly increased compared to prior art devices while, at the same time,
leakage current is decreased and thus power consumption of the semiconductor device is decreased, the overall

area of the chip required for providing a desired functionality may be reduced. Since less heat is created per
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al t er nat ?f@'d&glydée REpfeFtionyseygit 'E“?’?"d’é%b%%‘l'f‘#ﬁﬁ'a% s may be enpl oyed for
provi ding the required second thickness 232. Advantageously, when the
capacitor dielectric 221a is covered or substantially conpletely enclosed
by a thin barri.er layer, "cross contanination" between the first and the
second sem conductor regions -6 2 4 JAN 2007 WO 2004/ 021440

PCT/ US2003/ 027367 220, 230 may be substantially avoi ded, irrespective of
the process used for formng the second dielectric layer 231. Figure 2e
schematically shows the sem conductor device 200 with a |ayer 205 of gate
el ectrode material deposited over the substrate 201. In one typical

enbodi ment,’' the layer 205 nmay be substantially conprised of polysilicon.
I n ot her enbodi nents, any other suitable materials, such as netal silicide
or a netal, nmay be used. Subsequently, the |layer 205 is patterned by

wel | - est abl i shed phot ol i t hography and etching techniques so that the
correspondi ng process steps Wi ll not be described herein. Figure 2f shows

. the sem conductor device 200 after patterning the layer 205 to obtain a

gate el ectrode 233 forned on the patterned second dielectric |ayer 231,

~ which is indicated as 231a and which will be referred to as the gate

insulation layer. Over the capacitor dielectric 221a and partially on the
respective isolation structures 202, the |ayer 205 has been patterned into
a capacitor electrode 223. Subsequently, the conventional process flow for
conpleting a field effect transistor may be carried out as is, for exanple,
described with reference to Figure | c. Figure 29 shows the resulting

sem conduct or ‘devi ce 200 after conventional spacer, inplant and self-
aligned silicide processing to obtain a transistor elenment 250 and a
capacitor 240. The transistor element 250 conprises netal silicide
portions 235 forned in the upper portions of the gate el ectrode 233 and of
drain and



source regions 236. Mreover, sidewall spacers 234 are forned adjacent to
sidewal | s of the gate electrode 233. Simlarly, the capacitor 240
conprises sidewall spacers 224 and a netal silicide portion 225. It should
be noted that contact portions, such as the nmetal silicide portions 235

| ocated on the drain and source regions 236, for the capaciiQrA@ﬁ@Lare not
depicted in the cross-sectional views of Figures 2f and 2g, |r4 e these
contact pRid bemafi@ |ocated at a different position w tPC’SRJ%E&%?OZ?%?‘a

di rection perpenél cular.to the drawi ng plane of Figures 2a-2g. As a result,
t he enbodi nents descri bed above provide a sem conductor device including
capaci t i vivhatisetamed:;, such as the conbination of the gate el ectrode 233,
the gate insulation |layer 231 a and the underlying active region 230, and
the capacitor 240 fornmed by the capacitor el ectrode 223, the capacitor
dielectrig 2213 m&Hod bR riifes deiibéhdukiod HeHdiisONEMed ebmpagh@n 220, wherein
the capacitive elenents both exhibit a required high capacitance per unit
area. Wiile the gate insulation |ayer 231la is optim zed to provide for a

hi gh capaci ti verovinghisubstodte thiawingafoened dotreonda 2@ 3senucervacoe cegioh and iave
region 230 for_suffici.ent cPanneI controJ[ vvitho]gE. unduly affecting the
carry mobilityS&Pnq FRICRRACOL resini eRatated earisplation ST on | ayer 231 a and

the active region 230, the capacitive coupling between the capacitor

el ectrode 223 gusiie  isfibic 385 GRRONE! Qed BUIRY 2R i rBRbi 706 Pirst

i ntroducing a hi grsl-lkgmatse |eal 1, erg?j% t ee ?%}rlsg at ﬁlgclfﬁess 21 215s sellrgct ed
to provide. fothigkneson g sufdconf bad Kagsemandwtdr regiGonsequent |y, capacitors
of high capacitance with reduced | eakage current nay be provided in

conbi nation with highly sophisticated transistor elenents requiring ultra
thin gate  ns uloRmRER P%yléy PSFPOSSYrRAriqns A swérsmg&f?%@?fepwqam he sanme
chip area, while reliability of the capacitor dielectric is ensured due to
the om ssion gf rLGtd Mesoll ' S SiofaR unfi e .
required in thfehafolraﬁ%?ﬁg%t Sp?oﬂcrgtgsg I ngnﬂﬁ%tgf }cfg{ebnt%ﬁq%ﬁlg%glagt I ve%%lpg)?téoen
t hi ckness 222. ofMilenverid singlel frswedicldent 1dyegm Fi gures 2a-2g, any appropriate
technique may be used for formng the ultra thin gate insulation |ayer

231a so that sgggi sticated deposition and patterning processes nay be
enpl oyed i nst edlieroforming sgid taappleye demning iadsinglsnseonnst dislestric 43ysE baying a

capaci tance pegecﬂﬂjit}?e i&ﬁ‘zitgfsuﬁ\;ﬁ]le ac,ggc%ﬂit fHlic S;ég’s iot% rsra; %H}f{:éee;%%éalfd | QG i sed

conpared to prior ar evi c ile ne tine, e curre i's
decreased and tdmisofduser regios;umdt i on of the seniconductor device is
decreased, the overall area of the chip required for providing a desired

functionality may be reduced. Since |ess heat is creat ed{fper -7.2 4 JAN
2007 WD 2004/ batteaiog pPAryer2Dosocthaomatgripk fosmed, abpyr eaid drd pndjsaidysecend

i ncl udi ng sem ﬁ%ﬁ%&t ? yegse\((%]c&éat!: h qﬁ?t%a&%?ﬁ’lge "\41%&1 thgncp rae§&{3}1di \ﬁgﬁ{l{/@n
also significantly rél'ax the rssue of s i'cren evi ce cool1 ng, er eby
al | owi ng the i skimeht, athetsin edid ifies peanitivisap aigheythan shidcbcoaakipermintinityl. but es to

a significant reduction of power consunption, especially in portable
devices. The particul ar enbodi nents di scl osed above are illustrative only,
as the inventi dhemagthpd afoelpim do wheseinpyaad tseeand fhickmiess d dass thap saidufitshl ent
manner s aaﬁa&%gst to those skilled in the art having the benefit of the

t eachi ngs herein. For exanple, the process steps set forth above nay be
performed in a different order. Furthernore, no limtations are intended

to the deBail sTat ARSI bBCLHiAN, OFhé&eR ©hoRBIgeAD uiMayked Urlied of AaleastSsaid
single first dielectric layer includes one of selectively anisotropically and selectively

isotropically etching said unmasked portion of at least said single first dielectric layer.



described in the clainms below. It is therefore evident that the particul ar
enbodi nents di scl osed above nmay be altered or nodified and all such
variations are considered within the scope and spirit of the invention.
Accordi ngly, the protection sought herein is as set forth in the clains
below. -8 2 4 JAN 2007 WD 2004/021440 PCT/ US2003/ 027367 V\g t i@.ﬂﬂl ai ned:
1. A nmethod of formng a sem conductor device, the nethod c %M i'ng:

provi di ngwd setRakifoe having formed thereon a first sem cORPRLHI3/028870N
and a second sem conductor region separated by an isol ation structure;
depositing a single first dielectric layer having a first permttivity with
a first hi ckness on.a.surface,of .said.first.sem condyctor.region, formng
a cap | ay%‘r onﬂg&%l @88 0581?11? ngxhg}elns%m&mé Sﬁﬁll WEY YEP n(g ?léjﬁeggl?cr’la erllré%;‘éére;s
masking ait lee@sdnesef Oxitlizirfed s BubQfdelClapldly @gir@BllRRidiSAR Waldgsubatrate raadk ed
portion of at least said single first dielectric layer; after formng said
cap Iayer(,leppéll’ﬂﬁgﬁ@dée@lnﬁ@1@1@5%§]@ﬁ@10d§13&fect»ri c layer having a second
permttivity with a second thickness on a surface of said second

sem conductor region; and patterning a | ayer of conductive material forned
above saifl firAtmethdd séifabricatinnd sedicdhdedtod deviyiaclading afieldteffeat fransitor
capaci ti ve1 el emenat and a second capacitive . elenent, wherein said first
per mi t t i vFERRERIANG;agRETVE FRpACER); thedethorhcapiiig i vity. 2. The nethod of
claim11l, wherein said second thickness is less than said first thickness.
3. The net hod -] Al rep.n r Vi L [ f. . | east
said single f?érﬁsrglll% ?er}}r%tc%c\rﬁl%g r?%{(}g ra%?ﬁac Fél}gré@gg%e%n% Slglf}gg(ﬁﬂ\}ggfg 150%tloln

ani sot ropi cal | strengde;sel ectively isotropically etching said unnmasked
portion of at |least said single first dielectric layer. -9 2 4 JAN 2007

WO 2004/ 021440 PCT/ US2003/ 027367 4. The method of claim1, wherein formng
sai d single sefomingn sngetirstdielggtae layee pugeuriacgofisaigsfirsiardive remn i s£rvey
said substrate i 3 I oxi di zing said substrate and depositing
sai d second siﬁb#gﬁﬁgg é% %%gaféyer. 5. A nethod of fabricating a

sem conductor device including a field effect transistor elenent and a

passi ve capaci f@hingd HeingRt &e6nd aidickid Ner on a surface of said second active region

serving as a gate insulation layer of said field effect transistor;

wherein a permittivity of said single first dielectric layer is higher than that of said

single second dielectric layer.

6. The method of claim 5, wherein a thickness of said single second dielectric layer is

less than a thickness of said single first dielectric layer.

7. The method of claim 5, wherein fanning said single first dielectric layer includes
depositing a material having said first permittivity, masking at least said first

semiconductor region and removing an unmasked portion of said material.

8. The method of claim 7, wherein removing an unmasked portion of said material
includes one of selectively anisotropically and selectively isotropically etching said

unmasked portion of said material.

-10-



defining a first active region and a second active region by form ng an
isolation structure; formng a single first dielectric |ayer on a surface
of said first active region to serve as a capacitor dielectric; and
formng a single second dielectric layer on a surface of said second active
region serving as a gate insulation |ayer of said field efteig hfansistor;
wherein a permttivity of said single first dielectric Iayéﬁ~i ! 7gher t han
that of sqighooljodplss second dielectric layer. 6. The net hadrRis26d33B6

wherein a thickness of said single second dielectric layer is less than a
t hi ckness of said single first dielectric layer. 7. The nmethod of claim5,
wherein fanning said single first dielectric |ayer includes depositing a

mat eri al havi said first. permitivity, .masking at |east said first

serm condubr or  Fasgetios oh Sish ey Fifes Foite Btk £ FonEaR SRSt o
The net host safd ﬁllg,qé first dieldefd Clafer RI0 b PRy sBAKE deRRUldiQ8CtAE 12584 d
material includes one of selectively anisotropically and sel ectively
isotropically etching said unmasked portion of said material. -10 2 4 JAN
2007 WO 2004/ 0PHethothpEof Ligin 6 3wbeeBofdrmihg sthiesimgl¢ baxdnd flietdcariatager ificlnddser
conprising formng cagp.layer on exposed portions of .said. Si e first
el ecrr 8 Tl it ot Yt eGP aion tierwdlly ca iridE stid pbHhy e 1 0.
The net hogepekitiah 84ilsiglaedies Rl diclepiri¥ilRgrsai d single second diel ectric |ayer
includes at |east one of oxidizing said substrate, rapidly thermally

oxi di zing said substrate and depositing said single second dielectric
| ayer. -11 .
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