Capacitor with i nproved Capacitance Density and .Met hod of Manufacture.
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application relates to
the foll owi ng co-pending and cormmonly assi gned patent application: Serial
No. filed concurrently herewith and entitled "Capacitor with Enhanced

Per formance and Met hod of Manufacture" (TSMD3-0556), which application is
hereby incorporated herein by reference. TECHNI CAL FI ELD 100021. The
present invention relates generally to sem conductor devices and nore
particularly to a capacitor with enhanced-performance and net hod of
manuf act ure. BACKGROUND ] 0003] Power supply lines in a sem conductor
integrated circuit chip supply current to charge and di scharge active and
passi ve devices in the integrated circuit. For exanple, digital

conpl enent ar gﬁ,@rﬁmﬁﬁ fite DEMI) ard Muthéd ofiVRMudattngnt when
t he cl ock nake a tran5| i on. ring the operation of circuits, the

power supply |ines nust supply transient currents with a-relatively high

intensity, R TREEPIMGATIONGN the power supply lines. The
vol tage on eﬂe ﬁ%%g{ supS%&ﬁ?%éigvull fluctuate when the fluctuation tine

of the transient current is short or ance or

en . parasitic induc
par asi Ui ¢ 1 BOVISt arbs apBitpgnguaoy o Sudlopne Sy B B p Hpinafly SHERELREL. e
oper ati onal frequency of the i nt ated circuit is i h order. of several
hundr eds of anpiigtienh SeEa) Ne gg@@?ﬂF”@hﬂﬁ“ﬁg???"%ﬁﬁ)&ﬁ?ﬂggﬁ%% circuits,
the Enhanced Performance and Method of Manufacture” (TSM03-0556), which application is .

hereby incorporated herein by reference:

TECHNICAL FIELD

[o002} The present invention relates ‘generally to semiconductor devices and more

puﬁcﬂmly to & capacitor with gnﬁanced performance and method of manufacture.

ﬁACKGROIJND

[0003] | Power supply lines in a semiconductor integrated circuit chip supply curzent to
charge and diséhi;rée active a_nd passive devices in the integrated circnit. For example, digital
com'p‘lement-ary metﬂ-dﬁdérseﬁﬁconductor (CMOS) circuits draw current when the _c;lock make_s _
a transmon Durmg the operatlon of clrcuns the power supply lines must supply transient
currents with a. relatwely hlgh mtensﬁy, and can result in voltage noise on the power supply.
lines. The voltage on the puwer §upp1y line will fluctuate when the fluctuation time of the

transient current is short or when its parasitic inductance or parasitic resistance is large.

[0004] In state-of-the~art circuits, the operational frequencjf of the integrated circuit is in the
| order of several hundreds of mega—heﬁz (MHz) to séveral giga-hertz (GHz). In such circuits, the
rising time of clock signals is very short, 3_6 that voltage fluctuations in the supply line can be

very large. Undesired voltage fluctuations in the power supply line powering a circuit can cause
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rising time of clock signals is very short, so that voltage fluctuations in
the supply line can be very large. Undesired voltage fluctuations in the
power supply line powering a circuit can cause -1 noise on its internal
signal s and degrade noi se margi ns. The degradati on of noise margi ns can
reduce circuit reliability or even cause circuit malfunction. [0005] To
reduce the magni tude of voltage fluctuations in the power supply |ines,
filtering or decoupling capacitors are usually used between the termnals
of different power supply lines or between term nals of power supply line
and the ground line. Decoupling capacitors act as charge reservoirs that
additionally supply currents to circuits when required to prevent

nonentary drops in supply voltage. [0006] Figure 1 shows a circuit diagram
cont ai ni ng t RS 6n FAHOMAsichk MR RGEIAE A6iSe margifsd TE€ ddpRatiofbf hofe tafh@is @0l 1 Ng
capacitor that is inserted between a power supply Iine VDD and the ground
line GND. Modike &RLPSLDTRY Q¥véia@e tilal nalfecpawer supply |ine, and may have
a different power supply line OV/DD for the output circuits that interface

with extern frcuits acitor . s a_ de | i ng_capacitor.that is
i nsert ed betad'/)\%ogé;’L t #é’ r%%feygﬁ{)m%‘ft‘fc{gﬁgoshﬁ epfﬁ’ A nﬁgﬂ%\%& %S‘éﬁgﬁms FETRE

n e groun l'i ne

suppl y || me GBS bLRGe Prel B RO PRRR e i LBt RER N BBV YEET T g
capaci t ors gf geibsdlrinlhald kﬁ,%%grsslﬁﬁay ﬁ{e%%%%?gmmsﬁkbf)&rﬁﬁﬁné (g:hgacitors act as

transi ent-current. .source “or Decoupl I'ng pacitors are

used. in i nt&%@&?egvoﬁ'mh&%dﬁm&wupﬁy Dtehys RWirkuiR Qﬁlexﬁ‘eéldxr@@ﬁ prevent

momentary drops in supply voltage.

_ [0006] Figire 1 shows a circuit diagram containing these decoupling capacitors.- Capaéitor

Ciisa decduﬁling capacitor that is inserted between a power supply line ¥pp and the ground line

| GND, Most chips erqpldy more than one power supply line, and may have aidiffetént power
supply line OVpp for the’outputI circuits that interface with external circuits. Capacitor Cy is a
decoupling capacitor that is inserted between the output voltage supply line OFpp:and the ground

“line GND. Capacitor C; is a decoupling capacitor that is inserted between the supply line Vpp
and the 6utimt voltage supply line OVpp. These decoupling capacitors are usﬁally placed as

: glosé as'possible to the fransient.current source or sink.
[0007) = Decoupling c:ipacitbrs»al;e used-in iJ::lti;g_mtqd chips employing both bulk and gilicon-
. onsinsulator sub?tiates;. Howéw:r,- the role 'of. decoupling capacitors is more important ina -

silicon-on-insulator chip than 1n a bulk silicon chip due to the following reason. Integrated chips
fal‘)r'icated.on bulk.sﬁbstrates caﬁ natﬁ:rally Fiecouple the power supply pbt:ential and the ground
potential ch_ie to the presence of inherent dep'letiozll capacitances between the doped wells and the

. bﬁlk substrat.e._' Corﬁpaxed_ to bulk substrates, silicon-on-insulator chips have '\;ery. low on-chip

decoupling capacitance between the power supply lines and ground.
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on-insul ator substrates.. However; the role of decoupling capacitors is
nore inportant in a silicon-on-insulator chip than in a bulk silicon chip
due to the-follow ng reason. Integrated chips fabricated on bulk.
substrates can naturally decouple the power supply potential and the ground
potential due to the presence of inherent depletion capacitances between
the doped wells and the bulk substrate. Conpared to bul k substrates,
silican-on-insulator chips have very |low on-chip decoupling capacitance
bet weeén the power supply lines and ground. -2 [0008) U.S. Patent No.
6,558,998 entitled "SOZ type integrated circuit wth a decoupling capacity
and process for enbodi nent of such a circuit” issued to Belleville et al.
describes a decoupling capacitor that is forned with the formation of

si | i con-on-i [#8dfll at oY.SsRalzst N 6,658, 99%\kntitled “SCA gipe ddggentaid cdeuitivath aldecobplinged with a
| arge area or large capacitance, it is forned together with the substrate,
whi ch neans ¢anzeity aide@rasess §r embadinkegtofiserhlp girepifd isomnd toditilevilie eedcdesdibéseer ent
circuit design. SUNVARY OF THE | NVENTTON [ 00091 These and ot her problens
are general | C@mllmpﬂéﬁor@iﬂﬂémwwhﬁ Tormatioree IsiliF aregn-insyiion prbaTREes. gﬂ?é

general |y achi eved, by eferred enbodi nents of the present invention which
teach ap int Bgrcanagier wpy P’tmeé elarasarepprlpres saprciivnse idafaesditenster Wérils ty and
net hod of nanufacture a capaC|tor [0010) In accordance with a preferred

embodi nent  ofubfiie Piichyasips W%ﬁ?ﬁsﬁﬁch""ém&&ﬁ%ﬂ%‘@ﬂ qrgachdifferpptircyt desiganaci t or

i ncludes an insulating | ayer overlying a substrate. A sem conductor |ayer



overlies the insulator |ayer and a bottomelectrode is formed in a portion
of the sem conductor |ayer. A capacitor dielectric overlies the bottom
el ectrode. Preferably, the capacitor dielectric conprising a high
permttivity dielectric having a dielectric constant greater 'than about 5.
A top electrode overlies the capacitor dielectric. [00111 The preferred
enbodi nent provides a decoupling capacitor that is fornmed on a
semn conductor substrate that includes a silicon surface 'layer. A
substantially flat bottom electrode is formed in a portion of the
sem conductor surface layer. A capacitor dielectric overlies the bottom
el ectrode and has a relative, permttivity greater than about 5. A
substantially flat top el ectrode overlies the capacitor dielectric. The top
el ectrode i n i . reference voltage |line and the bottom
el ectrode igugﬁﬁﬁggbggﬂﬁgNgEgtgﬁﬁd reference voltage |line. 10012] The
foregoing has outlined rather broadly the features and techni cal advant ages
of the predtd®] i nToest androthierproblehesars geagraliyivelvellar sirquadenttdsand isghriiceh of t he
invention that follows may-be better understood, Additional features and
advant ages @fvantages pi genarallpaehigiad, byaselerees emposiisentseoil tie prseptipvepiinerhishor m t he
subj ect of the clains of ‘the invention. ;Jt should be appreciated by ¢hose
skill'ed in. teaphean infparatedipirpnit qapacies WE1b proproYed sepaciaprs épositcand msthgd pent  di scl osed
may be readily 4 utilized as a basis for nodifying or designing other
structures GFWHREERESREPr carrying out the same purposes of the present
invention. It should also be realized by those skilled in the art that
such equi valf@io] comsiceatdinteomith Cyefivedd eohbiinntnt bfttierpraskne irgpition, i capacltiossope  of
the invention as set forth . :

formed in a capacitor includes an insulating layer overlying a substrate. A semiconductor layer

ovetlies the insulator Iayér and a bottom electrode is formed in a portion of the semiconductor
layer. A capacitor dielectric overlies the bottom electrode. Preferably, the capacitor dielectric
comprising a high permittivi‘& dielectric having a dielectric constant greater than about 5 A top -

electrode ovetlies the capacitor dielectric.

- [hﬂll] The preferred embodiment provides a decoupling capacitor that is formcd. ona
semiconductor subétra;te that inclﬁdes a silicon surface layer. A substantially flat botfom
electrode is folfme& na portion of the semiconductor surface layer. A capacitor dielectric

' qverliés the rbot‘tom electrode and has a relaﬁve permittivity greater than aﬁqut 5. A sub;stantia]ly.
flat top cl-t:a;t'l'o-de ovéfiiaé the c'a;pécifor dielectric. The top ellectrode is.comnected fo a'ﬁ:st'_'
reference '\.ro"ltage lin and the bottom electrode is connected to a second reference voltage line. -
16012} i Iﬁe forego'mg has outlined rather broadljr the features and technical advantapes of
the present invention in‘ord_er that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described
ilereinaﬁcr which form the subject of the claims of the invention. ¥t should be appreciated by

those skilled in the art that the conception and si:eciﬁc embodiment disclosed may be readily
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in the appended clainms. -5 BRI EF ' DESCRI PTI ON OF THE DRAW NGS [ 0013] For a
nore conpl ete understandi ng of the present invention, and the advantages
thereof, reference is now nmade to the followi ng descriptions taken in
conjunction with the acconpanying drawi ng, in which: [0014] Figure | shows
an equivalent circuit of known decoupling capacitors; [0015] Figure 2
provi des a cross-sectional view of a preferred enbodi nent of this
invention; [016] Figure 3 is a top view or |ayout view of a capacitor of
the preferred enbodi nent; [0017] Figures 4a and 4b show cross-sectional
views of a capacitor of a preferred enbodiment; [0018] Figures 5a and 5Sb
show ot her .cross-sectional views of a capacitor of a preferred enbodinent;
and [0019] Figures 6a-6f show cross-sectional views of a capacitor of the
preferred emntiiei aertasidiur modifying pi designisg aligpe smofurel iepréabed foadatreing pndeess. -6 -
DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS 10020] The neki ng and

usi ng of t heanyrpespeses pithgppretn invedionnth seildelse be walizedliyshoss skaltbdiimthel gt thitl

bel ow. It should be appreciated, however, that the present invention

provi des maﬁy:,h egipylantagpstractions do not depart from the spirit and scope of the invention as set forth

in the appended claims.



i nventive concepts that can be enbodied in a wide variety of specific
contexts. The specific enbodinents discussed are nerely illustrative of
specific ways to make and use the invention, and do not limt the scope of
the invention. [0021] In the preferrred enbodi ment this invention, a
capacitor structure with a high permttivity dielectric is formed on a
silicon-on-insulator substrate. The follow ng di scussion provides further
details on the various enbodi mrents and net hods of nmanufacture. [00221 The
preferred enbodi nent of the present invention relates to a capacitor, and
"more specifically, to capacitors forned with inproved capacitance
density. ‘As an exanple, these capacitors can be used as decoupling
‘capacitors. A nunber of exanples and nethods of fabrication will be

di scussed bel ow. 100231 In the preferred enbodi nent of this invention,
capaci t or s VBRIEFDERCRIPEFTION QP AHEDRATENGSENsi ty are taught. Such capacitors
are useful as decoupling capacitors that help reduce voltage fluctuations

in vol tage S[Uﬂ@,Ly |FOP§ ;eraoﬂl@&tsﬁ{d@ﬁsgdlﬂg JridipfesdalinRrion] AR (REORAGHRLENT

capaci tors taugnt s I nvention can be used on bulk substrates

conpri sing %z@df%%@ﬁ@hs RAThRORAMC Bwifitelbrifons ﬁkénu&wﬁjunémh kiuRst rat es
conprising of an alloy sem conductor such as silicon-germanium or bulk
substrat es qg&g@h@ﬂgxﬂwmghﬂwmmpund sem conduct or such as i ndi um phosphi de.
More preferably, the decoupling capacitors may be formed on

:3[;13 f ?2? ggt 0@91451 ni'slu' a garowss é’nbe%%ﬁen‘? gucm% uﬁmo&&? de%é)t!splhggo (papf?cl ors; nsul at or

[0015] Figure 2 provides a cross-sectional view of a preferred embodiment of this invention,
[0016] Figure 3 is a top view or layout view of a capacitor of the preferred embodiment;

[0017]  Figures 4a and 4b show cross-sectional views of a capﬁcitor of a preferred

embodiment;

~ [0018] Figures 5a and 5b show other cross-sectional views of a capacitor of a preferred

embodiment; and

[0019] Figures 6a-6f show cross-sectional views ofa capacitor of the preferred embodiment '

during various stages of the fabrication process.
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[0024] Figure 2 provides a cross-sectional view of a preferred enbodi nent
of this invention. in this enbodinent, a decoupling capacitor 102 is
fornmed on a sem conductor-on-insulator substrate that includes a

sem conductor |ayer 104 on an insulator layer 106, which in turn overlies
a substrate 108, preferably a silicon substrate. The capacitor 102 incl udes
a bottom electrode 110, a capacitor dielectric 112 overlying the bottom
el ectrode 110, and a top electrode 114 overlying the capacitor dielectric
112." '[0025] The bottom el ectrode 110 is preferably formed within the

sem conductor |ayer 104. The bottom el ectrode 110 maybe |ightly-doped and
electrically contacted by a .-highly-doped region (not shown in Figure 2,
see e.qg., Figure 4b). Al'ternatively, the bottomelectrode 110 may be a

hi ghl y-doped region. In various enbodi ments, the bottom el ectrode nmay be

doped wi t h r BETAILF® BESCRIPTIGN OFILLUSIRAIHYE BBYQIEMEDNAS p- t ype (e. g., boron)
dopants. 100261 The capacitor dielectric 112 is preferably a high

perm LLIVILY rdaBON- ke Mlifleid fshuf of &Y pld bl oxerfla Ulbidim sk Aidclds iﬁﬁetéihé

capacitor dielectric 112, "t cdpacitancé density Is .. tp, significantly

hi gher than tha ©ihoRd Gé‘ﬂ%&hiﬁt@&, hEWREO Wi RestR MYENHGH ABAkiesDhdny GMcBK de
dielectric; where.,ais the permttivity of free space, axis the relative

perm t ti Vit invaiide scRbYE tlabean bEntRB¥S inGRtide vahibtf kNBSHQbntbike THERREKL O
dielectric. If the -decoupling capacitor 102 nmintains the sane size

(i.e,, |engt bmbodihdiisRisefsseh aletrRralyainckickibR of HEEEd w8 @Snakd thaanehhd hdgntiod, he use
of a high-k capacitor dielectric inproves the total capacitance and
therefore reduidesiotlivsit tiodcb@Etht invedtisat i ons in the :

1

[0021] In the prefe}red embodiment this invention, a capacitor structure with a high
permittivity diel_ectﬁc is formed on a silicon-on-insulator substrate. The following discussion

provides further details on the various embodiments and methods of manufacture.

[0022} The preferred embodiment of the present invention relates to a capacitor, and'mors- :
: Speciﬁcauy; to cﬁpacifoi‘s formed with hprqved capacitance deﬁsity. Asan examiale, these
capacitors can be used as deeoup]jng.‘\tapacitors. A mumber of examples and methods of
" fabricatior will be discussed below. |
[0023] ' In the i:réf’erred embodiment of this imrentidn, capacitors with improved capacitance -
density are ta.u-ght. S';ubh-’ ;:aﬁacitofs are ﬁseft_ﬂ as decoupling capacitors that help reduce voltage -
. ﬂuctuanons in :volt.';;ge su;;plf_liﬁes m integrated éi.rcqit chips. The decoupling capacitors tanght
) in this invention can be.-us.-e_d on bulk substrates comprising an elemental semiconductor such as
si]jcon._, butk substrates comprising of an E:zlloy 's.emiconduc'tor such as sﬂicon—ge:maniung or bulk
sﬁbstrates comprising of a compound semiconductor such as md1um pilosphide. More
: preferably, the decoupling Eapacitors may be formed on semiconductor-on-insulator substrates

such as silicon-on-insulator substrates.



vol tage supply lines to which it decouples. [00271 The high-k dielectric
preferably has a relative permttivity of larger than 5, and nore
preferably has a relative permttivity of larger than 10, and even nore
preferably has a relative permttivity of |larger than 20. The high
permttivity dielectric. my be selected froma group -8 conprising of

al um num oxi de (A1203), hafnium oxide (Hf Q2),. haf ni um oxynitride (Hf ON)
haf nium silicate (H Si O4), zirconium oxide (Zr02), zirconiumoxynitride
(ZION), zirconium silicate (ZrSi04), or .conbinations thereof. In the
preferred enbodi nent, the high-k dielectric is - hafnium oxide. [0028] The
silicon oxide equival ent thickness (EOT) of the capacitor dielectric 112 is
preferably snaller than about 100 angstrons, nmore preferably smaller than

about 50 an %ﬁézﬁp B Figud WhrSHAE a BREsQedioRtd Sl B ¥ préfatddl cibodifé oARie tventiGn.,
angstroms. The-physical thickness of the capacitor dielectric may be

smal | er t hany afQbodifiehtanBedy ?lﬂ'@iapaﬁt& €0205 RiBdddhk YenGitmatlcet-oh- idfator  about 50
angstronms, and even nore preferably smaller than about 10 angstronms. In

ot her enbodispeaat tat ihdh@ilePhitmiceiuctbilhek IRSH af fnsilfier 1686 Witeh islived ectri c may
be smal |l er. than about 100 angstrons, nore preferably smaller than about 50
angstrons, ajveriesssnbsine 0gpeferbighlsiicarsabsha. Tieteagacieb DiRtindieaalgtibmons .
[ 0029] The top electrode 114 is formed froma conductive material such as
pol y- cryst al diécigie 186, kicapatiior fielkoriccl1 9 steallying the bstiom eleptredyd t Grami eump clectoidet al , a
metallic nitride, a nmetallic silicide, or a

114 overlymg the capacitor dielectric 112.

- [0625] The bottom electrode 110 is preferably formed within the semiconductor layer 104.
The bottom electrode 110 maybe ﬁgbﬂy-doped and e}e.ch'ically contacted by a highiy-doped
region (not shown in Flgure 2, see e.g., Flgure 4b). Alternatively, the bottom electrode 110 may-
bea highly-doped region. In various embodiments, the bottom electrode may be doped mth n--

type (e.8. arsenic or phosphorus) or p-type (e.g., boron) dopants.

[6026} The capacitor dielectrié 112is preferably a'high permittivity (high-k) dielectric. By
' L B8, .
using a high-k dielectric as the capacitor dielectric 112, the capacitance density -t—-“--’— is .
. . . phiys

"‘sigzﬁﬁcahﬂy higher than that of a capacitor_erhploying a conventional silicon oxide dielectric; -

.whepe gpis -the.pennittivity of free space, &;is the relative permittivity, and tyys is the physical -

thickness of the capacitor dielectric. If the decoupling capacitor 102 maintains the same size

(i.e., length x width of bottom and top-electrodes 110 and 112), the use of a high-k eapacitor

dielectric improves the total capacitance and therefore reduces the voltage fluctuations in the

voltage supply lines to which it decouples.

[0027 The high-k dielectric preferably has a relﬁtive permittivity of Jarger than 5, and more

preferably has a relative permittivity of larger than 10, and even more preferably has a relative

pemmittivity of larger than 20. The high permittivity dielectric may be selected from a group
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metal lic oxide, or conbinations thereof. Metals such as nol ybdenum
tungsten, titanium tantalum platinum and hafnium'my be used as the
portion of the top electrode. Metallic.. nitrides nmay include, but wll
not be restricted to, nolybdenumnitride, tungsten nitride, titanium
nitride, tantalumnitride. Metallic silicides may include, but will not be
restricted to, nickel su icide, cobalt silicide, tungsten silicide,
titaniumsilicide, tantalumsilicide, platinumsilicide, erbiumsilicide.
Met al I'i ¢ oxi des may include, but will not be restricted to, nithenium oxide
and indiumtin oxide. [0030) As shown in Figure 2, the decoupling
~capacitor may be formed in an active region.in the vicinity of an active
device such as a transistor 116. The transistor 116 includes source and -9

drain regi 0n&m;ﬁﬁnfgdzgm%ﬁﬁmitogmét&iqggﬂaﬂﬁw%dé&ﬂozﬁmo@mﬁlde hs, 122, and

a gate el ectrode e preférred embodi nent, the gate dielectric 122

is formed frEmilLGRMBIsiGY, Shcodim Jfie CADACIMium iyaineR (710M), Liednid t he gate

el ectrode 124 is formed fromthe sane |ayer as the-top electrode 114. 1In

fact, as w |dilike ézfs@g)u&scaﬂlbihﬁlomer&diezntm@aa&&u@mbadlxﬁenarmé hiApardideeic 102 are
preferably forned at the sane time. [00311 Figure 2 also. illustrates a
third acti vehdfitgh &del26. Wil e no device is shown in active region 126, it
i s understood that a capacitor, a transistor. anot her device such as a

or
di ode or a i st can be. formed.  1n fa Ccal. seni oo Cor chip
ol GfmePoaick SpiNaline ik thod o HB b0 fILEANLS P

wi Il include er 1 ce r SONEe. cases,

nunber of deylees, Whlilkr B HOk %&ﬁoﬁs,%o%r&e&ﬁ? bnfffred (GBSt 50 angstroms,

and even more preferably smaller than about 10 angstroms. The physical thickness of the °
~capacitor.dielecu'ic may be smaller than él_nout iOO angstroms, more preferably smaller than .
about 50 aﬁgstroms, and even more preferably smaller than about 10 angstroms. Inother - .
embodiments, thc_e physical thickness of ﬂ:é capﬁcitor dielectric may be smatler than about 100
angstroms, more ﬁreferably. smaller than about 50 angstroms, and even more preferably smaller

than about 10 angstroms.

[0029] The top electrode' 114 is formed from a conductive material such as poly-crystalline
silicon, poly-crystalline siﬁcoﬂ-germaniiﬁm a ﬁleﬁl, a metallic nitride, a metallic silicide, or a
' metallic oﬁde,'or combinations thereof, Metals such as md_ljrbdcnum, tungsten, titanium,
' tantalum, plaﬁnum,‘a'nd hafnium ray be used as thie portion of the top electrode. Metallic .
' pitdes may inclide, but will not be restticted 10, inoiybdenmn nitride, tungsten nitride, titanium
' nitiide,"ﬁnta'.l'l_tm nitride. Metallic silicides méy include, but \ﬁll not be restricted to, nickel
silicide, cobalt silicide, t_ﬁngsten silicide, titanium si]icidi:, tantalum silicide, platinum silicide,
erbium silicide. Metallic oxides may include, but will not ‘bg restricted to, 'ruthenium.oﬁde and
indium tin oxide.
[6030) As shown in Figure 2, the‘dc;:oupling capacitor may be for.'rned.in an active region in
' the vicinity of an active deyicé such as a transistor 116. The transistor 116 includes source and

9



while in other cases a single active region will include only one el enent.
[ 00321 Active region 126 is isolated fromthe active region that includes
capacitor 102 and the active region that includes transistor 116 by

i solation regions 128. In the illustrated enbodinment, shallow trench

I solation (STI) is used. In this case, an insulator, such as silicon
oxide, is formed within a trench between active areas. In the preferred
enbodi ment, the SU dielectric fill-material is chem cal vapor deposited.
siliton oxide. The shallow trench isolation.. structure may al so conprise
trench liner oxide (not shown for. sinplicity) on the-boundaries of the
trench. The trench liner oxide may or nmay not contain nitrogen. In

ot her-enbodi nent.; other, isolation techniques such as nesa isolation.can
be used. In . o r - i) | rin ryation
of the devi cearr i ima 1A MIERTIEROR ek et ) pa Uil LU RE!

| ayout "vi ew i o | .
‘capaci tor 1ogfer’?§%§’§§m tgl ﬁ;e\% g]%gﬁzﬁ%lee%? ﬁ@{f&gmﬁég ethg g%‘%géﬁ%t[%er%%gllmﬁe nt,

the w dth WaRRYeib fit@ndthd EARASHEOR 104 isWrRiad £m b SiheaROUL 1 1 GR08.114Nd,
preferably greater than about 10 mcrons. In the preferred enbodi nent, the

llength L may ph@seasaviitbs doskddibeioly, e @akiftbr 118 thd AihtitR D@ e frefdiably BdmePRd
preferably greater than about 5 microns. The detail ed structure of the
capaci tor nayheRgnstm i N cross-sectional views along the lines A-A° and
B-B', which are showmn in Figures 4a and 4b. The contacts 130 are shown in

the cross-s e(féﬁi.'-!ﬂn al Fygil.ﬁ%%lsghlugziraggg Bd é{%vg‘ %gion ﬂ%’. “];h?llé ng }f&ﬂ;@ %seshown in active

region 126, it is understood that a capacitor, a transistor-or another device such as a diode ora

- resistor can be formed. In fact a typical semiconductor chip will include many different device
components formed. In some cases, 2 number of devices will be formed in a single active region

- while in other cases a single active region will include only one element.

[0032] Active region 126 is isolated from the active region that includes capacitor 102 and |

the acﬁve region that includes fransistor 116 by isolation regions 128. In the illustrated

-embodixﬁent, shallow trench isolation (8TI) is used. In this case, an insulator, such as silicon

oxide, is formed within a trenéh between active areas. Inthe preferred embodiment, the STI

dielectric fill material is chemical vapor deposited silicon oxide. The shallow trench isolation:

- structure may alsp comprise trench liner oxide (not shown for simplicity) on the boundaries of . -

- “the trenich: The trench liner oxide may. or may not contain nitrogen. In other embodiments; oth.er_ :

isolation techniques such as mesa isolatién.can be used. In those cases, the trenches are left

unfilled during formation of the devices in the active regions.

[0033] | Figure 3 is a top view or layou.t vieiv of the capﬁci_tor 102 of the preferred

‘ em_bodiment. The capacitor 102 has a width W and a length L. In the preferred embodiment, the
width W may have a dimension of greater than about 5 microns, and preferably greater than
about 10 micfons. In the preferred embodiment, the length L may have a diﬁension of greater

-10-



0034] The cross-sectional view along line A-A" is shown in Figure 4a. The
top electrode 114 extends laterally over-the isolation regions. 128. The
top electrode in Figure 4a is shown to have a thickness t; preferably in
t he range of about 200 angstrons to about 2000 angstrons. The capacitor
structure 102 nmay additionally have spacers 132 forned on the sides of the
top electrode 114. In a typical enbodinent, these spacers 132 are forned
during formation of “transistor 116 (Figure 2) and therefore al so included
with t'he capacitor 102. The spacers 132, however, are. optional.. - -

[ 0035] The cross-sectional view along Iine B-B' is shown in Figure 4b.
Figure 4b shows that the bottom el ectrode 110 can be electrically
connected via adj acent doped regions 134 and 136. One or nore doped

i 134 (136 .be included. | h wh t he.. tt

17100 150, 8050 A e OB a0 o DBt e e
i i i L N i | f d I bi |

o [T 100 LB e SIS ADANBL T, Ay ORTRY L0 BB B0 |

bi as bet ween jf g f-op, %&‘Qb.bﬂﬁatc cE'l?&%:Egngﬁrﬁ i&Q@os%@gcﬁ%naEQ%ivs'cgghe 53¢ ®op and

substantial bias can be the potentria tween Voa an
G\D, or betvweef, .and Vpa. [0036] In one enbodiment, the bottom
el ectrode 110 is doped to the sane conductivity type as the contact
is, the ippurities added to the silicon | ayer 104

regi ons 134n39@%t36. That ; S, It
are the sa ductie Giepsysestiopal view algpe line 4-4y issbavmdnFiee de r Beaerekotraingd
cont act regiqﬂﬁ 13 Fnd 1.36,, -U . . o .

extends laterally over the isolation regions 128. The top electrode in Figure 4a is shown to
have a thickness t, jsreferably in the range of about 200 angstroms to about 2000 angstroms. The
capacitor structure 102 may additionally have spacers 132 formed on the sides of the top -
electrode 114. In a typical embodiment, these spacers 132 are formed during formation of
*trénsisto; 116 (Figure 2) and therefore also included with the capacitor 102. The spacers 132,

however, are optional..

[0035] The cross-sectional view along line B-B” is shown in Figure 4b. Figure 4b shov&s
- that the bottom electrode 1I10 can be electrically connected via adjacent doped regions 134 and
136, One or more doped regions 134 {136) can be included. In the case where the bottom
. electrode 110 is hiot Hédﬁily‘ddped,'ﬁé bottc_amiele'ctrode 110 may -includ'e an inversien layer, 'An
e in;;ersidn layer may be formed by-a-supply of mobile carriers from the adjacent-doped regions, .
"+ and Wwhen'there is a sibstaiitial bias ‘between the top and bottom electrodes 110-and 114.. The
substantial bias can be the poténtial between Vpp and GND, between OVpp and GND, or

between OVpp and YDD.

{0036} Inone embbdimeﬁt, the bottom electrode 110 is doped to the same conductivity type
as the contact regions 134 and 136. That is, the impurities added to the silicon layer 104 are the

same conductivity type (n or p) for bottom electrode-l_lo and cdﬁtact regions 134 and 136.

-11-



[ 00371 In anot her enbodi nent, the bottom el ectrode 110.is doped to a
different conductivity type. In this case, the inversion region creates
t he contact between regions 110, 134. and 136. For exanple, in one
enbodi nent the contact regions 134 and 136 are physically doped with n-
type dopants (e.g., arsenic and/ or phosphorus) and the el ectrode region 110
is physically doped wth p-type dopants (e.g., boron). Wen the top

el ectrode 114 is connected to a high enough voltage |evel,- an inversion-
region will be forned in bottom el ectrode 110, which will appear to be
n-doped. In this manner, the bottom el ectrode contact regions 134 and/or
136 are-doped to a given conductivity type (n-type in this exanple) and

t he bottom el ectrode 110 is operationally doped t he given conductivity
type.. In this context, operatlonallﬁ doped” nmeans being_at that doping.

| evel whenevdf? 3?1he T thprmgpHAmER s paftom ?*Fﬁtfgdcdé? rsﬁpeqd&ha P gergugivity
transistor, which. is at .that dop |n | evel nL when thﬁ@n%ran tor
i tself, rathd¥Pet Fhis p3% tefpvprsiop E"'g’f’ﬁ? ‘?f s pontact %‘ﬂ@%ﬁ’ﬁ“’% t showi ng
the contacts 130 a d 131 t ot t and t nd, 114 is
shown in Fig Jr% TR R A e%wrrt BRI GG Pty E A AR A B
Cross- secti, vi ew al on LRe LA A and FLgure.5 ho a
Cross-section e d\%agtS% B1°5R0° ﬁrephogh gf"“‘g’*g"ﬂ? %reg[“ﬁ’di%g% pﬁ‘ﬁbéca@’[é ANS
Fi gure-5 incl [ e Lelectric
(ILD 138: CaﬁHggqgﬁéﬁg&Eg: %xggoﬁbﬁkﬁggl 3&% D %T%&gﬁ% i &wgﬁlcon
oxi de.  The | %Eﬁ%@ By IR invBkih egig Fill R RES H‘bEﬁdiéléc oc{e'1EUYvJﬁich‘éJ11?!ép‘§9& kd C
enpl oyed in int fconnect tech ?ogy By using.a I'LD ver the
capaci t or 103, nRigpeaS irl thi€ maRBA Gk B%ﬁ&%c@ﬁ% VEHedt x%éi@nstlﬁ’tpan@o?ﬁsra%%pé_d]téa and

given cgnducﬁvify type (ﬁ,—type in this éxample) and the bottom electrode 110 is operationally

* doped the given conduétiv_ity ‘_q%pe. .In this context, "ope'raﬁonally doped" means being at that
doping level whenever the chip-is operational. This deﬂni_tion excludes a transistor, which is at

that doping level only when that transistor itself, rather than the chip, is turned.on.. .-

- j0038] An émbodiment showing the contacts 130 and 131 1o the boftom and top electrodes
110 and 114 is shown in Figures 5a and 5b (éol]ectively Figure 5). Figure 5a shows a cross-
. sectional view along line A-A” of Figure 3and Figure 5b shows a cross-seqtional view along line

‘BB .of Figure 3.

e 10039] . The views of Figure S-includéan.intér-layer dielectric 138. ‘The inter-layer dielectric
g (ILD) 138'canbea éhenﬁca]"vapbi'"ﬂepbsited?di'e'lectric such as silicon oxide. The ILD 138 can .-
also i)e a low permittivity (low-k) diclectric employed in interconnect technology. By using a
low-k ILD to cover the capacitor 102, parasitic capacitances between thé. top electrode 114 and

metal lines 140 in the vicinity of the top electrode 114 can be reduced.

[0040] In the preferred embodiment, the relative-permittivity of the low-k dielectric 138 is
less than about 3.5, and more preferably less than-about 3.0. For exé.mple, the low-k dielectric
material can be an organic material, such as benzocyclobutene (BCB), SILK, FLARE, or others.
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metal lines 140 in -the vicinity of the top electrode 114 can be reduced.
100401 In the preferred enbodinent, the relative-permttivity 'of the | ow
-k dielectric 138 is less than about 3.5, and nore preferably | ess

t han- about 3.0. For exanple, the low -k dielectric material can be an
organic material, such as benzocycl obutene (BCB), SILK, FLARE, or others.
-12 Alternatively, the lowk dielectric nmaterial can be an inorganic
dielectric material, such as nethyl silsesquioxane (MSQ, hydrogen

si | sesqui oxane (HSQ, SiOF, for -exanple. These naterials are exenplary
only as other enbodinents may include different lowk dielectric materials.
[0041] A contact etch-stop |layer 144 can overlie the top el ectrode 114 and
t he spacer 132, as shown in Figure 5. The contact etch-stop layer 144 is
preferably S|I|con nitride, but it is wunderstood that other materials with

a different ehBdindtiad tfenonk GbRctid MutdrdBean dnabieorgsidiclctie makiihlj matasni t ri de
etch-stop layer 144 can have ari inherent stress in the range of 2

gi ga- pascal s méteRailseiqnioxite (HSQ), ldegen sisgatiorae (H8QR SOF| foptrample.cBrpr essi ve
stress and positive stress inplies tensile stress. [0042] A contact plug
131 el ectri cainhtyriasandxesplirh enly eqotler echodiowbets ik inclods diffesent bwreddlechist al | i nes
140 as shown i;n Figure 5a. As shown in Figure 5b, a contact plug 130

el ectri.cal |l y sewies the doped region 134 (135) in the semi conductor |ayer
104 with the bottomel ectrode. 110. The contact plugs are made of a

conductive majgiijal ﬁ%eﬁh&éc&a@qakﬁmaﬂpbvemme pleletiodd A1 dn@he bY@ 182,85
shown in Figure 5. The contact etch-stop layer 144 is preferably sﬂlcon nifride, but it is
understood that other materials with a different etch rate from the ILD 138 can be used. The
silic;oﬁ niniae ett:h~stop"layer 144 can have ani inherent siress in the range of -2 giga-pascals
(éfé) to -+2 GPa, where ncgativé stress implies compressive stress and pbsitive stress implies
tensil; stress. | ' . .

[0042] | A contact plug 131 electrically couples the to_p..e-lectrode 114 to interconnect metal

l.in;as 140 as shown m Figure 5a. As shown m Figure 5b, a contact plug 130 electrically couples

the doﬁecf region 134 (-135)' in the semicoriductor layer 104 with the bottom electrode 110. The
| contact plugs are mﬁdé of a conductive .niateriai such as ﬁmgsten and may inchic_le barrier layers

(not shown) e. g titanium and titanium nitride.

e {0043] A mter—metal d:electnc (IMD) 142 is formed over metal layer 140 and ILD 138 The:
IMD 142 can be formed fmm any of the matenals hsted above The IMD 142 can be the same
matenal or a different ma’_cenal than 1LD 138. Whﬂe not shown, contacts can be t"onned through

- the IMD 142 to contact metal layer 140.

jo044] It is understood that the capacitor 102 can be used in & semiconductor-on-insulator
technology employing trench isolation, or may be used in a semiconductor-on-insulator
technology employing mesa isolation. In mesa isolation, trenches are not filled with a dielectric

filling material prior to the formation of transistors or capacitors. In a semiconductor chip
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(not shown), e.g., titaniumand titaniumnitride. [0043] A inter-netal .
dielectric (IMD) 142 is fornmed over netal |layer 140 and ILD 138. The | MD
142 can be fornmed fromany of the materials |isted above. The I MD 142 can
be-the sane material or a different material than ILD 138. Wil e not
shown, contacts can be fornmed through the IMD 142 to contact netal |ayer
140. [0044] It is understood that the capacitor 102 can be used in a

sem conductor-on-insul ator, technology enploying trench isolation, or may
be used in a sem conductor-on-insulator technology enploying nesa

I solation: 1n nmesa isolation, trenches are not filled wth a dielectric
filling material prior to the formation of transistors or capacitors. In a
sem conductor chip -13 enpl oying nmesa isolation, trenches between active
regions are not filled with dielectric prior to the formation of active
devi ces. [ 0048PloRiag mesadsojptipm, Senchss bRRYRtRragEe sl e ndt APadvithglielsgiic prigdo
described wi.th respect to Figures 6a-6f. As wi.ll be discussed, the
capacitor ca aofémfag?w&“t&’?dﬁ"l’f'és'sane time as a transistor (see e.g.,.
transistor 116 in Figure 2). 10046] Referring now to Figure 6a, a

sem conduct or[e@d} i nSNekia b aethsddisianehauring @ kapaditngwidl ibb 8dserite @ wilDBspectns ul at or 106
and sem conductor |ayer 104 is provided. An active region mask 148 is used
to define t.r ciigine$a-65 Ghsiwill bdriiscamer, the pgpacitonran bafpened bOlle safla ds ey epsisterct or

| ayer 104 preferably has a thickness of about 1000 angstrons or thinner.
The i nsul at or(set@4&., trimisislenBi$dn Figure 2). : |

[6046] Referring riow to Figure 6a, a semiconductor-on-insulator substrate including
substrate 108, insulator 106 and semicc;nductor layer 104 is provided. An active repion mask
'1-48 is used to define trenches 150 n the semiconductor layer 104. The semiconductor layer 104
' preférably has a thickness of about 1060 angstrems or thinner. The insulator '106 thickness is
preferably- about 1200 aﬁgstrpms or thmner The mask 148 preferably comprises s;ilicon niﬂiﬁe,

.and more preferably comprises silicon nitride on a silicon oxide layer.

10047 Trench filling dielectric mateﬁal is deposited by chemicél vapor deposition to fill the .

~trenches .150, followed -bja a cliemica_l mechanical plana:(_izaﬁon process step. The mask.148 is |
“then removed to give the cross-section as shown in.Figui'e 6b. The bottom electrode 110 may or

may not be heavily doped at'this point.. ifan ion implantation step with a high dose is introduced .
‘i'_1_1Ato the active region at-thi'_s ,p_oiht fq'c_lﬁpe the 'sen'xico.nciuc.:tor'laye'r 104,~_a heavily-doped bottom -
' eleétrédr_z 11 O-can be fﬁrnie(_l_. For _exémple, _tﬁe he_avﬂy-doped active region or bottom electrode

110 may have a doping concentration of greater-than about 10"cm™.

[0048} The capacitor dielectric 112 is then formed, as shown in Figure 6c. The i)hysical
thickness of the dielecnic 112 may be larger than S_angstljoms, more preferably larger than 20
angstroms, and even more ﬁ:rcferably larger than 40 angstroms. The capacitor dielectric 112 may
.;oe formed together with the formétion of a transistor gate dielectric in a different portion of the

semiconductor chip (not shown here, see Figure 2). By forming the high-k capacitor dielectric
‘ | -14-



conprises silicon nitride, and nore preferably conprises. silicon nitride
on a silicon oxide layer. 10047] Trench filling dielectric material is
deposited by chem cal vapor deposition to fill the . -trenches 150,

foll owed by a chem cal nmechani cal planarization process step. The mask 148
is then renoved to give the cross-section as shown in Figure 6b. The
bottom el ectrode 110 may or nmy not be heavily doped at this point. If an
ion inplantation step with a high dose is. introduced. ..into the active
region at-this.point to. dope the sem conductor |ayer 104, a

heavi | y- dopea. bottom el ectrode 110 can be fornmed. For exanple, the
heavi | y-doped active region or bottomelectrode 110 nay have a dopi ng
concentration of greater-than about | 019cni3. 10048] The capacitor

di el ectric 1f%oectheryifkdhe cpigdiplegtric ake TRYUMRT It #diffprgR pertenof theichipppdditiopal

t hi ckness of the dielectric 112 nay be larger than 5 angstrons, nore
preferably | JHYEE SERSAF intepducgfgst roms, and even nore preferably |arger than
40 angstrons. The capacitor dielectric 112 may be forned together with the
formati on of (8049 andigilodiclepricamatirials ecreviausiy desaritgbt tie beoustd. (e highk of t he
sem conduct or chip (not shown here, see Figure 2). By. farmng the high-k
capaci t or di digtricimay bdfrnied he thvenicalvapdy defveitio sttt deposition, brotled ki@wnr ansi st or
in adifferent portion of the chip, no additional process steps are

i ntroduced. [tedudigies pf fgimite hiihelt digiectriconatraipler Aninterfagal fayenhad slwivp) @eber i bed may
be used. The high-k dielectric may be formed by chem cal vapor deposition,
sputter depo sfoxmed an the botigmigleptradp dif)prior to the formation of the high-k dielectric material 112.

The interfacial layer may be a silicon oxide layer or a silicon oxynitride layer. The active region
may. additionally be freated ina hydrogen—containiﬁg or nitrogen-containing ambient prior to the

_ fqmﬁon of the interfacial layer.

-[0050] 'I‘he' top elecﬁ'ode 114 material can then be déI'JDSite_.d over the capacitor-dielecu'ic
layer 112. The top electrode material can be comprised of convertional ﬁoly—c.rj.fstalline silicon,
poly-crystalline silicon germaniurn, metals, metallic silicides, or meitallic nitrides, as previously
described. The top electrode materi_al may be de_p.osit_eci by conventional technigues such as
_ chemical vapor deposition. .The top electrode may also be formed by the deposition of silicon
.and ﬁg@, fol;c:)wbd by an anneal o form a metal silicide gate electrode material. -The top.
. .electrode mg.teﬂal is then patterned using photolithography techniques, and etched using plasma.

. etch processes.to form the gate electrodss.

foos1]} | The deposiﬁop of the top electrode 114 tqaterial may be the same process step as the
dep'osition of_ gate electrode material of a transistor to be formed in a different portion of the
semiconductor chip, and the et;:hing of the top electrode n:iay similarly be,accoﬁ:plished' together
" with the efching of the gate relectr.ode of the trf;\nsistor. The completed tbp electrdde 114 1is
~ shown in Figure 6d. The capacitor dielecttic 112 is retained at least in the portion of the capacitor
covered h& the top electrode 114.
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techni ques of formng high-k dielectric materials. An interfacial |ayer
(not shown) can be fornmed on the bottom el ectrode 110 prior to the
formation of the high-k dielectric material 112. The interfacial |ayer nmay
be a silicon oxide layer or a silicon oxynitride |ayer. The active region
may, additionally be treated in a hydrogen-containing or

ni trogen-containing anbient prior to the formation of the interfacial

| ayer. [0050] The top electrode .114 naterial can then be deposited over
the capacitor dielectric |ayer 112. The top el ectrode material can be
conpri sed of conventional poly-crystalline silicon, poly-crystalline
silicon germanium netals, netallic silicides, or netallic nitrides, as
previously described. The top el ectrode material rmay be deposited by
conventional techniques such as chem cal vapor deposition. ., The top

el ectrode nmay [@630 b®opiad mBhemtrotiited i eqpivmis hdjment af thebolitom electrodaid maké al |

foll owed by an anneal to foam a nmetal suicide gate electrode material. The
top. el ectr odectried eniaets witlstht bretnmplztitode bl The élextricalrostadt rdgivogT3dphd/136 are

techni ques, and etched using:plasma.. -etch processes. to formthe gate

el ectrodes. [ GBf]in hheodemtisiat viovs obFighldb amiFipheit(ardde abdvt andbelow thé nay be
the sane process step as the deposition of gate electrode material of a
transi st or t o phee didempegt in the siewtiof Figwredt Tho denngrof edntactregions dpd and Adfuis foomedc hi p,

and the etching of the top electrode may simlarly be acconplished together
with the etchlﬂhfé}eWﬂPﬁethgtaﬁP@cQaﬂnééqﬂ%ﬂéﬁg@n@Pf‘bh@nW@r{Hﬁﬂ5&8“131 ¢ &Bhblfet ed top
el ectrode.114 is show in Figure 6 The capaC|tor dielectric 112 is

retained at | é¥swple the dopingsisp Pt’rrfeﬁn*féﬂn Ela'ée edgra &y dhe lighiAopeexisysionp af thop

el ectrode 114.
source and drain.

© {0053]  As shown in Figure 6e, spacers 1.32 may be additionally formed on the sides of the
“top electrode 114. This may be follqﬁved by anothet implant to doped the regions (134 and 136
. inFigure 4b)' of the acﬁ;ve region not covered by the top electrode 114 énd spacers; 132. This
step will simultaneously form the heavily doped source and drain regions-of transistors on the -
chip. . A |
- [0054] A contact etch-stop layer 144 can be formed on the top electrode 114-and spacers
132, An inter-layer dielectric (ILD) 142 can be formed over the capacitor and contact holes 131
a (and. 130 in Figure 5b) can be etched through the ILD 142 to reach the top and bottom eléctrodes
" {10 aiid 114. Conductive matérials; such as timgsten, are‘ﬂaen used to fill the contact holesto- -
electrically contact the top and bottom electrodes to metal layers (see e. g.., metal layer 140 in
Figure 5b). - | |
[0055] Although the capacitor described in this invention has been illustrated for use as a
decouphng capacztance it is understood that the capacitor thus formed according to this
invention may be used for other purposes. For example the capacitor may be used as a coupling

capacitor,



-15 100521 Doping may be introduced in regions adjacent to the bottom
el ectrode to make electrical contacts with the bottom el ectrode 110. The
el ectrical contact regions 134 and 136 are shown in the cross-sectional
views of Figure 4b and Figure 5b (and are above and bel ow the plane of the
page in the view of Figure 6d. The doping of contact regions 134 and 136 is
formed at the sane tine that source and drain regions of the transistor
(116 in Figure 2) are doped. For. exanple, the doping step perforned in
Figure '6d can formthe lightly doped extensions of the source and drain.
10053] As shown in Figure 6e, spacers 132 may be additionally fornmed on the
sides of the top electrode 114. This maybe foll owed by another inplant to
doped the regions (134 and 136 in Figure 4b) of the active regi on not
covered by the top electrode 114 and spacers 132. This step wll
si mul t aneous|gusépr Mk the fdiaii spgcifiape ths owentien ks teed destuibed Bigh wigeng to
transistors on the chip.. 10054] A contact etch-stop |ayer 144 can be
forned on t hepécifie embeiivhened Boldvir, amtbuspedifsations ar@2hanges chrhearads by ee siiled] ectri ¢
(1LD) 142 can be forned over the capacitor and contact holes 131 (and 130
in Fi-gure 5b)in tiaart pithcat dshetng fronotbeyssoneioé the pEsentipventipnr Agroriingle™eop and bot t om
-el ectrodes 10 and -114.- - Conductive materjals,'such.as tungsten, are then
used-to fill spévificetioneatiicutesimetp hegessidedin pp Pasayvesghar Has 2 EHECHYS Fasmedpot t om
el ectrodes to netal |ayers (see e.q., netal -layer 140 in Figure 5b).

all such modifications are intended to be included within the scope of the present invention.

" [0057] While this invention has been described with reference to illustrative embodiments,
this description is not intended to be construed in a 1i1ﬁiting sense. Various modifications and
.. combinations of the itlustrative embodiments, as well as other embodiments of the invention,
- will be apparent fo persons skilted in the art upon reference to the description. 1t is therefore

. intended that the appended claims encompass any such modifications or embodiments.
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10055] Al though the capacitor described in this invention has been
illustrated for use as a decoupling capacitance, it is understood that the
capacitor thus formed according to this invention may be used for other
pur poses. For exanple, the capacitor maybe used as a coupling capacitor.
-16 100561 In the foregoing specification, the invention has been descri bed
wth reference to specific enbodi nents. However, various nodifications and
changes can be made by one skilled in the art without departing fromthe
scope ‘of the present invention. Accordingly, the specification and figures
are to be regarded in an illustrative rather than a restrictive sense, and
all such nodifications are intended to be included wthin the scope of the
present invention. [0057] While this invention has been described with
reference to_illustrative enbodinents, this description is not intended to
be construed VETAS CLMMERES:sense. Various nodifications and conbinations
of the illustrative enbodi ments, as,well as other enbodi nents of the
invention, wll be apparent to persons skilled in the art upon reference

t o- the deésct.i pt iAompacitdr cosprisingr ef ore i nt ended that the appended cl ai s
enconpass any such nodifications or enbodiments. -17 WHAT IS CLAIMED IS: 1
1. A capagitor cewnissulainglpyer2vedsing asubbtests ng | ayer overlying a substrate;

3 a semiconductor layer overlying the insulator layer,;
4 a bottom electrode formed in a portion of the semiconductor layer;
5  acapacitor dielectric overlying the bottom electrode, the capacitor dielectric comprising a

6  high pémﬁttivity dielectric having a dielectric constant greater than about 5; and

7 * atop electrode overlying the capacitor di¢lectric.
1 2 The capacitor of clal:m 1 wherein the capacitor is a decoupling capacitor.
1 3 The capacitor of claim 2 wherein the top electrode is connected to a power supply line

- 2 and the bottom elecirode is connected to 2 ground line.

1 4. The capacitor of claim 2 wherein the top electrode is connected to a first power supply

2 line and the boftom electrode is connected to a second pbwer supply line:

t 5. The capacitor of claim 1 wherein the bottom electrode or the top electrode is substantially

2 flat.
1 6. The capacitor of claim 1 wherein the top electrode comprises poly-crystalline silicon.
1 7 The capacitor of claim 1 wherein the top electrode comprises a metal selected from the:

2 group consisting of mblybdenum, tungsten, titanium, tantalum, platinum, and hafnium.
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3 a sem conductor |ayer overlying the insulator layer; 4 a bottom el ectrode
formed in a portion of the sem conductor |ayer; 5 a capacitor dielectric
overlying the bottomel ectrode, the capacitor dielectric conprising a 6
high permttivity dielectric having a dielectric constant greater than
about 5; and 7 a top electrode overlying the capacitor dielectric. 1 2. The
capacitor of claiml| wherein the 'capacitor is a decoupling capacitor. 1 3.
The capacitor of claim2 wherein the top electrode is connected to a power
supply line_and the bottomelectrode is connected to a ground line. 1 4.
The capacitor of claim2 wherein the top electrode is connected to a first
power supply 2 line and the bottom el ectrode is connected to a second
power supply line. 1 5. The capacitor of claim1l wherein the bottom

el ectrode or, the top electrode is substantjally 2.f lat. 1.6 The capacitor
of “ol ar mt “viner o7 SHREY SR S ALFER A R ety Ay piR sk, T o 1
7. The capacit of claim1l wh i t 2. CO i met al
sel ected azfo r o%ﬁmtqheegr?’pgc Pou| [é]ngcog ﬁls(’ﬁéb ? ﬁnﬁa&%ﬁﬁdeho I %sgggﬁ{&%ﬁ%ﬁb%g@g% %?}u ‘ani um
tantal um, pl atinpm and hatniym 18 1 8. The capacitor of claim1 wherein
the top el ectrode conprises a netal nitride selected 2 fromthe group

consi sting of nolybdenumnitride, -tungsten nitride, titaniumnitride,

tantalum 3 nitrjde, or ¢ i nati ons ther eof . -
1 9. J[“m: capacitor o crlratl)m Wi cre1rt]1 the top electrade comprises a metal silicide selected

2  from the group consisting of nickel silicide, cobalt silicide, tungsten silicide, titanium silicide,

3 tantalum silicide, platinum silicide, erbium silicide, or combinations thereof.

4 10.  The capacitor of claim 1 wherein the top electrode comprises a metal oxide selected from

2. the group consisting of rufhenium oxide, indium tin oxide, or combinations thereof.

1 11.  The capacitor of claim 1 wherein the high permittivity dielectric comprises hafnium

2. oxide.

1 12, The capacitor of claim 1 wherein the high permittivity dielectric comprises 2 material is
2 selected from the group consisting of aluminum oxide, hafnium oxynitride, hafnium silicate,

© .3 _zirconium oxide, zirconium oxynitride, zirconium silicate, or combinations thereof.

+:1..:-13, - The-capacitor of 'G]ﬂil_ﬂ_l 1:wherein the high pemli'tti_vity' dielectric has a relative

2  permittivity of greater than about 10.

1 14.  The capacitor of claim 1 wherein the high permittivity dielectric has a relative

2 permmittivity of greater than about 20.

1 15.  The capacitor of claim 1 wherein the capacitor dielectric hasa physicél thickness of less

2 than about 100 angstroms. .
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1 9. The capacitor of claim1l wherein the top el ectrode conprises a netal
silicide selected 2 fromthe group consisting of nickel silicide, cobalt
silicide, tungsten silicide, titaniumsilicide, 3 tantalumsilicide,
platinumsilicide, erbiumsilicide, or conbinations thereof. 1 10. The
capacitor of claiml wherein the top electrode conprises a netal oxide
selected from 2. the group consisting of rutheniumoxide, indiumtin

oxi de, or conbinations thereof. 1 11. The capacitor of claim1 wherein the
high permttivity dielectric conprises hafnium2. oxide. 1 12. The
capacitor of claiml1 wherein the high permttivity dielectric conprises a
material is 2 selected fromthe group.consisting of al um num oxi de,
hafniun1oxynitride haf nium silicate, .3 .zirconiumoxide, zirconium

0X nltrlde niumsilicate, or he 13. The
ca);;am tor oﬂg PR FapacipraAt sl t Ve %caﬁa"r}m d‘%??c%cth apﬁysé‘ial °Fru}e§:s ol
relative e ivity of greater than about 10. 1 14. The capacitor of
claiml ﬁhengﬁm é S%mbernltt|V|ty dielectric has a relative 2
permttivity of greater than about 20. 1 15. The capaC|tor of claiml

wherein the capacitor dielectric ha ca kness l.,ess 2 than
about 100 ahdst rigpgapacitor of glaigl Whﬁ‘i‘é“@éﬁa&g '1)'{’31}’"5 ?V‘dfh"éﬁafﬁeﬁ%w?%f"étl n the
capacitor dielectric has a physical thickness of |ess than about 20
angst romg, Mmicrons. '

1 18,  The capacitor of claim 1 wherein the capacitor has a width of larger than about 10

"2  microns.
119  The capacitor of clmm 1 wherein the capacitor has a length of larger than about 1 micron.

1 20 The cai:acitor of claim 1 wherein the capacitor has a length of larger than about 5

2  microns.

1 2L The capacitor of claim 1 wherein the bottom electrode contact regmn is doped to the first
2 conducuwty type and wherem the bottom electrode is doped to a second conductmty type and

3 coupled to a supply voltage that creates an mversmn regmn of the ﬁrst conductivity type.

1 22 The capacltor of clmm ¥ wherem the bottom electrode and the bottom alectrode contact

2 region are d0ped to the ﬁrst conductivity type



1 17. The capacitor of claim1l wherein the capacitor has a width of |arger
than about 5 2 mcrons. 1 18. The capacitor of claiml| wherein the
capacitor has a width of |arger than about 10 2 microns. 1 19. The
capacitor of claiml wherein the capacitor has a length of |arger than
about 1 mcron. 1 20. The capacitor of claim1l wherein the capacitor has a
l ength of larger than about 5 2 nmicrons. 1 21. The capacitor of claim1
wherein the bottom el ectrode contact region is doped to the first 2
conductivity type and wherein the bottom el ectrode is doped to a second
conductivity type and 3 coupled to a supply voltage that creates an

i nversion region of the first conductivity type. 1 22. The capacitor of
claiml 'wherein the bottom el ectrode and the bottom el ectrode contact 2
region are doped to the first conductivity type. 1 23, A decoupling

capaci t or 1coi’fgri 9} drgeupkingcappeitir eOPRISEE'0r substrate conprising a silicon
surface |layer; 3 a substantially flat bottome|ectrode formed in -a portion
of the sefi conductsericedpqicseubstras comppsing a sgican uEfpee la¥etor  di el ectric overl yi ng

the bottom el ectrode, the _capacitor dielectric co ising a. 6 high

bor ot i Bty o elASer A o SR B ARTD Py SPERBFOT I about 5,
7 a subst%nt_'ﬁa?"larly flat top electrode overlying the capacitor dielectric;
and ’ '

5 a capacitor dié]ectric overlying the bottom electrode, the capacitor dielectric comprising a
6 high permittivity dielectric with a relgtive permittivity greater than about 5;

7 -a subsfantially flat top electrode overlying the capacitor dielectric; and
8 . wherein the top electrode is electrically coupled fo a first reference voltage line and the

g8 boﬁdm electrode is electrically coupled to a second reference voltage line.

1 24, The capacitor of claim 23 wherein the top electrode is connected to a power supply line

2 . and the bottom electrode is connected to a ground line.

t+ .25.  The capacitor of claim 23 wherein the top electrode is connected to a first power supply

2 lin§ and the bottom elecirode is connected to a second power supply line.
1 26.  The capacitor of claim 23 wherein the semiconductor substrate is a bulk silicon substrate.

1 27.  The capacitor of claim 23 wherein the semiconductor substrate is a silicon-on-insulator -

2  substrate,
1 28  The capacitor of claim 23 wherein the top electrode comprises silicon.

i 29,  The capacitor of claim 23 wherein the top electrode comprises a metal selected from the

2  group consisting of molybdenum, ﬁxngsten, ti_tanium, tantalum, platinum, and hafnium. -
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8 wherein the top electrode is electrically coupled to a first reference
voltage line and the 9 bottomelectrode is electrically coupled to a
second reference voltage line. 1 24. The capacitor of claim23 wherein the
top electrode is connected to a power supply line 2 . and the bottom
el ectrode is connected to a ground line. 1 25. The capacitor of claim 23.
wherein the top electrode is connected to a first power supply 2 line and
the -bottomelectrode is connected to a second power supply line. 1 26. The
capaci'tor of claim 23 wherein the sem conductor substrate is a bulk silicon
substrate. 1 27. The capacitor of claim 23 wherein the sem conductor
substrate is a silicon-on-insulator 2 substrate. 1 28. The capacitor of
claim 23 wherein the top el ectrode conprises silicon. 1 29. The capacitor
of claim 23 wherein the top el ectrode conprises a netal selected fromthe 2
group consi Wi ngTlefcammitoy btk A% whaimthe top elegtiofaeomprises ¢ markritwds selseted i num  and
haf nium -21 1 30. The capacitor of claim 23 wherein the top el ectrode
conpr i ses? a frtthé grpriptopisibingsedmelybéegum pitride SpacsERnide HFnRETTIds: t2pghEy
mol ybdenum nitride, tungsten nitride, titaniumnitride, tantalum 3
nitride, br modbprrambigrvnithesssdof . 1 31. The capacitor of claim23 wherein
the top electrode conprises a netal -silicide selected 2 fromthe group
consisting of nickel silicide, cobalt silicide, tungsten silicide, titanium
sui ci de, 13 3ant Thewnpasitr of dkdm 2pvhdreinm thiopieleptridel eompeieds 2 netabsilicideiselectedor
conbi nati ons t hereof'. ,

2 from the group consisting of nickel silicide, cobalt silicide, tungsten silicide, titanium silicide,

3 tantalum silicide, platinum silicide, erbium silicide, or combinations thereof.

'§ 32, The capaéitor of claim 23 wherein the high pefmitﬁvity dielectric comprises hafnium

2 oxide.

i 33 The capacifor of claim 23 wherein the high permittivity dieleciric comprises a material
2 selectsd from the group consisting of hafnium oxynitride, hafnium sificate, zirconium oxide,

3  zirconium oxynitride, zirconium silicate, and combinations thereof.

1 34. The capacitor of claim 23 wherein the high permittivity dielectric has a relative

.2  permittivity of greater thar 10.

1 35. 'Ilie §apacitor of claim 23 wherein the high permittivity dielecuic has a relative

2 permittivity of greater than 20.

1 36.  The capacitor of claim 23 wherein the capacitor dielectric has a physical thickness of less' -

2  than about 100 angstroms.

1 37 l The caﬁacitor of claim 23 wherein the capacitor dielectric has a physical thickness of less

2  than about 50 angstroms.
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1 32. The capacitor of claim23 wherein the high permttivity dielectric
conprises hafnium 2 oxide. 1 33. The capacitor of claim23 wherein the
high permttivity dielectric conprises a material 2 selected fromthe
group consisting of hafniumoxynitride, hafniumsilicate, zirconium oxide,
3 zirconiumoxynitride, zirconiumsilicate, and conbi nations thereof. 1 34.
The capacitor of claim23 wherein the high permttivity dielectric has a
relative 2 permttivity of greater than 10. 35. The capacitor of claim 23
wherei'n the high permttivity dielectric has a relative. 2 permttivity of
greater than 20. 1 36. The capacitor of claim 23 wherein the capacitor
dielectric has a physical thickness of less. 2 than about 100 angstrons. 1
37. The capacitor of claim23 wherein the capacitor dielectric has a

physi cal thickness of |less 2 than about 50 angstronms. -22 1 38. The

capaci t ort of38cl| aitmc@Bcitohefickinm21 Weerabnibaesipeatpr diflesiris baya phydirabthigknsksyof iessal

t hi ckness of less 2 than about 10 angstrons. 1 39. The capacitor of claim
23 wher ein thas abcaptringsrombias a wi dth of |arger than about 5 2 microns. 1
40. The capacitor of claim 23 wherein the capacitor has a width of |arger
t han about- 10

1 39.  The capacitor of claim 23 wherein the capacitor has a width of larger than about 5

2  microns.

1 40.  The capacitor of claim 23 wherein the capacitor has a width of larger than about 10

2 microns.

1 41.  The capacitor of claim 23 wherein the capacitor has a length of larger than about 1

2 . micron.

1 42.  The capacitor of claim 23 wherein the capacitor has a length of larger than about 5

2 microns.

1 43, The capacitor of claim 23 wherein the ‘t.._)ottom elecirode is doped to a first conduetivity -
2 type, the capacitor further comprising adjacent doped regions doped to a second conductivity -

3 type.

1 44. The ca‘pacirtor‘ of claim 43 wherein the first conductivity type is n-type and the second

+ 2 conductivity type is p-type.

1 45, The capacitor of claim 43 wherein the first conductivity type is p-type and the second

2 conductivity type is n-type.
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2 mcrons. 1 41. The capacitor of claim23 wherein the capacitor has a

| ength of larger than about 1 2 mcron. 1 42.. The capacitor of claim23
wherein the capacitor has a length of larger than about 5 22 mcrons. 1 43.
The capacitor of claim23 wherein the bottomelectrode is doped to a first
conductivity 2 type, the capacitor further conprising adjacent doped

regi ons doped to a second. conductivity 3 type. 1 44. The capacitor of
claim43 wherein the first conductivity type is n-type and the second 2
conductivity type is p- type. 1 45. The capacitor of claim43 wherein the
first conductivity type is p-type and the second 2 conductivity type is
n-type. -23 1 46. The capacitaor of claim:23 wherein the bottomelectrode is
doped to a first conductivity 2 type, the capacitor further conprising

adj acent dopgd 10l SRSVt PPulckdidthe SABIURLIAL K ¥odo RE: rud il

capa0|tor o] clal er conprising spacers ormed on sides of the

top 2 el ect ;@gqhe%%éﬁ b RRPAE Recflao B Bnd R0 s NREGaJRRY 51 g an

etch-stop | ylng t e and the spacers.

1 47.  The capacitor of claim 23 and further comprising spacers formed on sides of the top

2 electrode.

1 48.  The capacitor of claim 47 and further comprising.an etch-stop layer overlying the top

2  electrode and the spacers.
1 49.  The capacitor of claim 48 wherein the etch-stop layer comprises silicon nitride.

150, _ 'I'_he‘capacitor of claim 48 and firther comprising an inter-layér dielectric overlying the

. 2 etch-stop layer.
"4 51.  The capacitor of claim 50 wherein the inter-layer dielectric comprises silicon oxide.

1 52.  The capacitor of claun 50 wherein the inter-layer dielectric comprises a dielectric witha
2 - relative pérm_ittivity less than about 3.5.
1. 53.  The capacitor of cldim 50 wherein the inter-layer dielectric comprises a dielectric witha

2  relative permittivity less than about 3.0.

1 54, .The capacitor of claim 50 wherein the inter-layer diel:ctric is selected from the group
2 consisting of benzocyciobutene (BCB), SILK, FLARE, methyl silsesquioxane (MSQ), hydrogen

3 silsesquioxane (HSQ), and SiOF.



1 49. The capacitor of claim48 wherein the etch-stop |ayer conprises
silicon nitride, 1 50. The capacitor of claim48 and further conprising an
inter-layer dielectric overlying the 2 etch stop layer. 51. The capacitor
of claimb50 wherein the inter-layer dielectric conprises silicon oxide. 1
'52. The capacitor of claimb50 Werein the inter-layer dielectric conprises
a dielectric with a 2 relative permttivity less than about 3.5. 1. 53.
The capacitor of claimb50 wherein the inter-layer dielectric conprises a
dielectric with a 2 relative permttivity less than about 3.0. 1 54. The
capacitor of claimb50 wherein the inter-layer dielectric is selected from
the group 2 consisting of benzocycl obutene (BCB), SILK, FLARE, nethyl

si | sesqui oxane (MSQ, hydrogen 3 silsesquioxane (HSQ, and STOP. -24 1 55.
The capaci t of. . claimb5Q and_fu r conprisi-ng a first contac Lug in
el ectricdl g%nt ACF capFEiLg ‘gﬁlai"h‘rl’é) aﬂ% o er r?éf“fg%fresgﬁ’ﬁﬁcté’quéé%%enc C%C?Er)l tgcét pl ug
in electrjcal,gontact wth the top- . . : I of claim
23 furthér (‘:"rtl)ﬂrlnﬁ)]re i%%t?’rl{‘gele\éﬁos a9 R0 ?goﬁ%h&?&séﬁgg ﬁtrtl)c%l cr%gta?tyrl}ﬁgl ?@%%h%&tg 0 2 the
bottom el ectrode. 1 57. The capacitor of claim 23 wherein sem conduct or
substrate conprises a sem conductor 2 an insulator, sybstrate [.ncluding a
plurality offis|ZRewactigrnd clainy23 Hgher cmprFes %ﬁhéﬁj"iwstfﬂnﬂ{%"x““f’? BR°BA acc%"floanot her

by nesa i sol.ati on.
y 2 the bottomn electrode.

1 57.  The capacitor of claim 23 wherein semiconductor substrate comprises a semiconductor
2 on insulator substrate including a plurality of islands, wherein the islands are isolated from one

3  another by mesa isolation.
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-25 1 58. A nethod of form ng a capacitor, the nmethod conprising: 2
providing a silicon-on-insulator substrate including a silicon |ayer
overlying an insulator 3 layer; 4 formng a bottomelectrode in the
silicon layer; 5 formng a capacitor dielectric on bottomelectrode, the
capacitor dielectric conprising a 6 high permttivity dielectric with a
relative permttivity greater than about 5; -7 formng a top el ectrode on
capacitor dielectric; 8 formng a bottom el ectrode contact region wthin
the strained silicon |ayer adjacent the 9 bottom electrode; and 10.
electrically connecting the bottom el ectrode and the bottom el ectrode
contact region. 1 59. The method of claim58 wherein.the capacitor is-a
decoupling capacitor. 1 60. The nethod of claim58 wherein the step of
form ng the bottomel ectrode comprises: = 2 forpmng an active region; 3
form ng ibol%ti of medgd offermingacarariint by RHRPILPPPFEET egi on; and. 4 doping the
active r;gion. 1 61. The met hod  of clainlgg wher.ein. t he qclive R@ﬁjon ha

a. dopi ng? concenPPyting#sitifongp-aslapr ssbsirafe eliing & sitiags yg, Ovrlyipe EDMSURA ot o
of clain1§8]ga§rein.tanning the capacitor dielectric conprises a chem cal
4 forming a bottom electrode in the silicon layer;
5 forming a capacitor dielectric on bottom electrode, the capacitor dielectric comprising a

6  high permittivity dielectric with a relative permittivity grelater than about 5;

.7 forming a top electrode on capacitor dielectric;
8 forming a bottom electrode contact region within the strained silicon layer adjacent the
9  botiom electrode; and .

10 electrically connecting the bottom electrode and the bottom electrode contact region.
1 59.  The method of claim 58 wherein the capacitor is-a decoupling capacitor.

1 60. The method of claim 58 wherein the step of forming’ the bottem electrode comprises:

2 forming an active region;
3 ' forming isolation regions surrounding the active region; and.
4 doping the active region.

1 61.  The method of claim 60 wherein the active region has a doping concentration of greater

2  than about lﬁwcm'3 .

1  62. The method of claim 58 wherein forming the capacitor dielectric comprises a chemical

2 vapor deposition step.
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2 vapor deposition step. -26 1 63. -The nmethod of claim58 wherein formng
the capacitor dielectric conprises a sputtering 2 deposition step. 1 64.
The net hod of claim58 wherein the step of form ng the capacitor dielectric
conprises: 2 forming an interfacial oxide |layer; and 3 formng a high
permttivity dielectric layer. 1 65. The nethod of claim58 and further
conprising: 2 doping a portion of the silicon | ayer not covered by top

el ectrode; 3 formng spacers on sides of the top electrode; and 4 doping a
portion of the silicon |layer not covered by the top el ectrode and spacers.
1 66. The nmethod of claim65 wherein the spacers conprise silicon nitride.
1 67. The nethod of claim65 further conprising: 2 - depositing an
etch-stop l'ayer over top electrode and spacers; 3 formng an inter-I|ayer
dielectri er - . . oy I bl d nd ayer

di el ectrit: Shd Bleflliph §§°‘%‘ﬁé§%‘éeﬁﬁi°?ﬁ’%?‘8§@3&y€ Rl Bpicls d lRling VT
form contactyefll@Ssep. 1 68. The nethod of claim 67 wherein the etch-stop

| ayer conprises silicon nitride. :

1  64. The method of claim 58 wherein the step of forming the capacitor dielectric comprises:
2 forming an interfacial oxide layer; and

3 forming a high permittivity dielectric layer.

1 65.  The method of claim 58 and further comprising:.

2 . doping a portion of the silicon layer not covered by top electrode;
3 forming spacers on sides of the top electrode; and
4 doping a portion of the s;iiiéon layer not coveréd by the top electrode and spacers. )

1 66. Themethod of claim 65 wherein the spacers comyprise silicon nitride.

1 67. The method of claim 65 fm‘ther camprising;:

2 . depositingan ctch—ﬁdp layer over top electrode and spacers;

3 ' forming an inter-layer dielectric over etch-stop :layer;

4 forming contact holes in inter-layer dielectric; a_nd

5 | filling the contact holes witﬁ a conductive mté;ial to form c‘ontact'plu'gs.

1 68  Themethod of claim 67 wherein the etch-stop layer comprises silicon nitride.
1 69. The method of -claim 67 wherein the inte;—layer dielectric comprises silicon oxide.

1 .70.  The method of claim 67 wherein the inter-layer dielectric comprises a dielectrib with a

2 relative permittivity less than about 3.5,
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69. The nethod of claim67 wherein the inter-layer dielectric conprises
silicon oxide. 1 . 70. The nethod of claim®67 wherein the inter-I|ayer
dielectric conprises a dielectric with a 2 relative permttivity |less. than
about 3.5. -27 1 71. The nethod of claim 67 wherein the inter-Iayer
dielectric conprises a dielectric with a 2 relative permttivity less than
about 3.0. 1 72. The nethod of claim®67 wherein the inter-layer dielectric
is selrected fromthe group 2 consisting of benzocycl obutene (BCB), SILK,
FLARE, nethyl si | sesqui oxane (M5Q, hydrogen 3 silsesquioxane (HSQ, and
SIOF. 1 73." The nethod of claim67 wherein the contact plugs conprise a
first contact plug that 2 electrically contacts the bottomelectrode and a
second contact plug that electrically. contacts the 3 top electrode. 1 74.

The nethad of. clTkMefidd MRRLLENwWhdRn thoPpteelp@ UicRElRC tompala 6 ifeicsral With soupl ed to
a power 2 supply line and the bottomelectrode is electrically coupled to
a ground 2| i madativd pefihittivith s tRdnlabsht 0. cl aim 73 wherein the top electrode is
electrically coupled to a first power 2 supply line and the bottom
electrode is electrically coupled to a second power supply line. 1 76. The

met hod ofy chai M38 maed Sichid bﬁwhéaamélin&&-lakém&rect%imaéc%ﬁ o the %f&h poxide. - 1
77. The nethod of claimb58 wherein the inSulator |ayer has a thickness of

| ess than, abRifingdf bAByasihs GUB), SILK, FLARE, methyl silsesquioxane (MSQ), hydrogen

'3 silsesquioxane (HSQ), and SiOF.

1 73." The method of claim 67 wherein the contact plugs comprise a first contact plug that
2 electrically contacts the bottom élecirode and a second contact plug that electrically contacts the

3 top electrode.

1 74.  The method of claim 73 wherein the top electrode is electrically coupled to a power

2 supply line and the bottom electrode is elecirically coupled to a ground line.

1 75. Themethod of claim 73 wherein the top electrode is electrically coupled to a first power

2 supply line and the bottom electrode is electrically coupled to a second power supply line.
1 76. ~ The method of cIe_zim 58 wherein the insulator layer comprise silicon oxide. CIEEE

‘ 1 77. The method of ciéim 58 Wheréin the insulator layer has a thickness of less than about-

2 1200 angstrorms.

1 78.  The method of claim 58 wherein the silicon layer has a thickness of less than about 1000

2  angstroms.

1 79.  Themethod of claim 58 wherein the top electrode comnprises silicon.
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1 78. . The nethod of claim58 wherein the silicon |ayer has a thickness- of
| ess than about 1000 2 angstrons. 1 79. The nethod of claim58 wherein the
top el ectrode conprises silicon. -28 1 80. The nethod of claim58 wherein
the-top el ectrode conprises a netal selected fromthe 2 group consisting of
nol ybdenum tungsten, titanium tantalum platinum and hafnium 1 81. The
nmet hod of claim58 wherein the top el ectrode conprises a netallic nitride
selectted 2 fromthe group consisting of nolybdenumnitride, tungsten
nitride, titaniumnitride, tantalum 3 nitride, or conbinations thereof. 1
82. The nethod of claim58 wherein the top el ectrode conprises a netallic
silicide selected 2 - fromthe group consisting of nickel silicide,
cobalt. silicide, tungsten silicide, titaniumsilicide, 3 tantalum -
silicide,1plasti NuRsfdthod 6f dh8m 58 whirbif B itdpi elecitele cafipris@aidicnbiciconsidrh e eof . 1
83. The nethod of claim58 wherein the high permttivity conprises hafnium
oxi de. 1 84.grdipeonsidiupod mofybdehdh, Mng8enytiteniem tarttdhen, ipiaginng esdhafifunvi t y
dielectric is selected fromthe 2 group consisting of alum num oxi de,

haf ni um oxi de, hafnium oxynitride, hafniumsilicate, 3 zirconium oxide,

zi rconi um oxgini t ThelRethod lof G4HAISH Whskih kife dpRiecBdde CRIRIsRAINANR ntth®/sei0dted 1 85.
The nmethod of claim58 wherein the high permttivity dielectric has a

relative 2 2fqehepbbp dbhdiyin®bf nghilydadnin nith@NuaRed hitddd, ttdfum ditide, t@tabad of cl aim
58 wherein the high permttivity dielectric has a relative
3 nitride, or combinations thereof,

1 .82.  The method of claim 58 wherein the top electrode comprises a metallic silicide selected
2 - from the group consisting of nickel silicide, cobatt silicide, t'uﬁgsten silicide, titanium silicide,

3  tiantalum silicide, platinum silicide, erbium silicide, or combinations thereof.
1 83 The method of claim 58 wherein the bigh permittivity comprises hafnium oxide.

i 84.  The method of claim 58 wherein the high permittivity dielectric is selected from the
2. group consisting of'aluminum oxide, hafnium oxide, hafnivm oxynitride, hafiium silicate,

3 zirconium oxide, zirconium oxynitride, zirconium silicate, or combinations thereof.

't 85.  The method of claim 58 wherein the high permittivity dielectric has a relative. .

2 permittivity of greater than about 10.

1 86. The method of claim 58 wherein the high permittivity dielectric has a relative

2 permittivity of greater than about 20.

1 87. The method of claim 58 wherein the capacitor dielectric has a physical thickness of less

-2  than about 100 angstroms.
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2 permttivity of greater than about 20. 1 87. The nethod of claim58
wherein the capacitor dielectric has a physical thickness of less 2 than
about 100 angstroms. -29 1 88. The method of claim58 wherein the capacitor
di el ectric has a physical thickness of less 2 than about 50 angstrons. 1
89. The nethod of-claim S8 -wherein the capacitor dielectric has a physical
t hi ckness of less 2 than about 10 angstrons. i 1 90. The nethod of claim58
wherei'n the capacitor has a width of greater than about :S 2 mcrons. 1
91. The nethod of claim58 wherein the capacitor has a width of greater
than about 10 2 mcrons. 1 92. The nethod of claim 58 wherein the capacitor
has a | ength of greater than about 1 2 mcron. 1 93. The nethod of claim58

wherein the capacitor has a |l ength of greater than about 5 2 mcrons. ’
1 88, The method of claim 58 wherein the capacitor dielectric has a physical thicknéss of less

2 than about 50 angstroms.

t 89,  The method of claim 58 wherein fhe capacitor dielectric has a physical thickness of less

2 thanabout 10 angstroms. )

1 90.  The method of claim 58 wherein the capacitor has a width of greater than about 5

2  microns. -

1 9L The method of claim 58 wherein the capaciiorhas a width of greater than about 10

2  Imicrons.

1 92.  The method of claim 58 wherein the capacitor has a length of greater than about 1

- 2  micron.

1 93, The method of claim 58 wherein the capacitor has a length of greater than about 5

2  icrons.
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