Capacitor with Enhanced Performance and Met hod of Manufacture

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001) This application. relates to
co- pendi ng and commonly assigned patent application Serial No. filed:
concurrently herewith and entitled "Capacitor with Inproved Capacitance

nereby 1 ncor SOUARTRtR Al ottty g UG, @aniBiRe T

present invention relates generally to sem conductor devices and nore
particularly to a capacitor with enhanced performance and net hod of

manuf act uFBOSS Eﬁ&fﬁ@ﬁ @U@@¥$nﬁBW€?L§GﬁEﬁ¥“$|nes in a seniconduct or
integrated circuit chrp supply current to charge and di scharge active and

passive dgyghges | ggﬂ cbiﬁfoﬁ%ﬁtte?ﬂ Gl eﬁ&ih% &g SRS qgra%r@gimaﬁo

conpl enment ar neta e-sem con raw car Fent when

t he clock a trans Qp, of . crr ts he power
supply Ii n@%sﬁmﬁﬁ%ag Sien tyr}gﬂc}l?@r?gg%&g aapac t%rtvi“ Oh'(é;

|nten5|ty ) e.Nnoi S nes The
vol tage ORPRE-T5BRS éﬂrfﬁrodﬁé\ra%rracweuirﬁgr @%@ﬁ%@ ﬁﬁ’fsﬁw DY i
of the transient current s short or when its parasitic i nduct ance or:
parasrtrc“*%§?§¥?ﬁﬂ%99§y$%ﬁ - [0004] Instate-ofthe-art circuits, the
operational frequency of the |ntegrated circuit is'in the order of several
hundreds of nmega-hertz (MHz) to several giga-hertz (GHz). In such circuits;
t he :ri si TBCHNIEADIFIELDCK signals is very short, so that voltage
fluctuations in the supply line can . be .

[oo02] © The present invention relates generally to semiconductor devices and more.

particularly toa capacitor with enhanced performance and method of manufacture.

BACKGROUND

[0003] Power supply lines in a semiconductor integrared circuit .chip supply current to
 charge and disr_:harge active and passive devices in the iﬁtegrated circuit. For example, digital'
‘complementary metal-oxide—éenriconductor (CMOS) circuits draw current when the clock makes .
-a trapsitioe. During the 0peraﬁoﬁ ef circuits, the power supply lines must suﬁpiy transrent
- currents witha rel_ativrely high interlsity, and can result in voltage noise on the power supply
| -l.ines. The ve_itagc oe ﬂ're power ;uiaplsr- line will ﬂuctuate'wh:en the fluctuation time _of the |
transmnt currenf is ehc_)‘rt‘ or;irrhc;ri its parasitic _inductarnce or parasitic rg:sistance is iargc.'. _
_['0604:] ' In state-of the-art cu'cults the orneraUOnal ﬁequcncy of the mtegrated cncmt isin the
i - order of several hundreds of mega~hertz (IvEHz) to several gl ga—hcrtz (GHz) In such clrcults the
ﬂ‘nsmg txme of clock sxgnals is very short, 50 that voltage ﬂuctuatmns in the supply line can'be |

- Very,_largc. -Undes:r_cd voltage ﬂuctl_iau_ons in the | powcr supply lme powermg a circuit ean ca_use

. ";'._,. ' - R . . . ;1_._



very large. Undesired voltage fluctuations in the power supply line
powering a circuit can cause noise on its internal signals and degrade

noi se margi ns. The degradation of noise margi ns can reduce circuit
reliability or Fven cause circuit mal function. [0005] To reduce the

magni tude. of yoltage fluctuations i.n the power , suppl. j flltering or
decoupl i"f§° 8%%&3?%4?%@%#%@[] 2‘15 U gé'gngend?tgﬁ%d%bé? !ﬁ‘ltn%gﬁ SO erent
power supply .lines.,or between termna f power supply line and the
ground FgﬁﬁgmﬁﬁgéaﬁPﬁﬁbmgaﬁh%?ﬁﬁ?@“ﬁEPhiggmBharge reservoirs that
additionally supply currents to circuits when required to prevent

nmoment arpgoed OPSTh Fedfetabt MaMitulaguol ARG katibgilin €hclp@ine 8Spply 1edes Clillkdringl agr am
cont ai ning these decoupling capacitors. Capacitor Cl is a decoupling :

capaci t Qf qtRabiineTahdef6rk hRtsRAl WBQ b AvRA IR teSiRRL ¥ HifRenVidNaRthHi{ fnes
ground-11ne GNS. st chips enploy nore than one power supply |i1ne, and

may have, %et%%;f iRl BOYSLer scbb ginx ahd € RRHOT ngpmag Dhcihd £pbd s that

interface with extern irc CapaCitor C2 is a decoupling capacitor

that |s asertedRhISethn, QbR VAL IGRAUBRLY 0B OYDR AN the

ground’ acl ecoupl'ing cap is inserted
bet ween the supply line.l' and the output voltage supply |line OVDD.
These dé@ﬁﬁﬁ%ﬁﬁ%méﬁﬁﬁgﬂ¥%y Bfe usual |y pl aced as close as possible to the

transi ent current source or sink. [0007] Decoupling capacitors are used in
i nt egr atjeebephi pBigarpl shywigcibit didgtinkcoatinis thesodecouslingicagaditaris 0 Capaditet r at es.
However, the role of decoupling capacitors is nore inportant ina . '
si | i con-©Ns i ARG labitd? thdd AindeRedbddbibdn Spdviet Qlippilife Hiteant €hd AEuddliheOW. NY

reason. Integrated chips fabricated on bul k substrates can naturally

decoupl ezihEMBaVRIps SHBRY Yoo &N bheowPehpbliaird! Miday have a different power
suﬁply line OVpp for the output qirc;lits that interface with gxtcfnal circuits. Capacitor Cs is a
"decoupling capacitor that is .inscrted between the output voltage supplj_/ line O¥pp and the ground
| line GND. Capacitoer 3 1s a decoupling capacitor that 1s inserted between the supﬁly line Vpp

and the output voltage supply line OVpp. These decoupling capacitors are usually placed as

close as possible to the transient current source or sink.

[0007} Decoupling capacitors are used in.inmgrated 'c'hip‘5 employing both bulk and silicom
. -o_n-in‘sp[atbr substrates. However, the role qf decoupling capacitors ié more importantin a .
.Silicon-bn—insulétor chip than in a bulk r?ilicqﬁ clgip‘dye to tﬁe following re'a.sqn. .In'tc'gr_ated chips
) fal;.vricétcd._ ‘o'n bulk Substra‘;cé can naturally déc-()'t';ijle the pow-er supply ﬁqténﬂal_ -and the ground - -
' potential due to the prese_m;e of inheregt_. depleii.o.n éap'acitanCes between tﬁg. doia.ed Wcllsj and t]_:ié |
: _' bu]k _substra't.e._ .Comr;a:ed to bu};k subétrateé,_. s'il_iqon—on;i.nsulé'torl p}i;ps have V:CI.‘}’. ‘lox.;v on-chip

- ﬂécoupling capé.citance between the power supply lines and. grd.und.



potential due to the presence 'of inherent. depletion capacitances between
the doped wells and the .bulls substrate. Conpared to~ bul k substrates,.
silicon-on-insulator chips have very |low on-chip decoupling capacitance
bet ween the power supply lines and ground. ._2 [0008] U S Patent No. -
6, 558, 998088t i t | ¥&. PAEI NoyR658, m&a@maé@‘tscmtypajntcgtaneﬁhlrau;dﬁﬂlom@édoﬁgu@apac| ty
and process for enbodi ment of such a circuit" issued to Belleville et al.
descr i beapacigesdypbdesifocantaihar of sk acBcfi@guel WiHelletillCe 0 dBREbE ] Of
silicon-on-insul at.or substrates. While that capacitor nay be formed with a

| ar ge ar@Bo@lidgdagRiteraBatc forneewith thelfSr0bABLsiEQERINNBE I IbdRRs. SRSt r at e,
whi ch means that.the substrate has to be custom zed for each different

circUl Ak VAR TiEolDOENE) S 000RL e g;vme@to BheRALARhE™

are generally sol ved or circunmven hni cal’ ant ages are
gener al | 4paehl Qi miihs Behe Sl aE FROGHIRM Sk FD S RIERE0N ol Fllien whi ch
teach an intedgrated circui't capacitor wt nce ornance ang "met hod

of manufacture a capacitor. [0010] In accordance mnth a preferred

enbodi ment of the present invention, a capacitor is formed in a strained
sem conductor layer. In particular, a bottomelectrode is forned in a
portion of .the streined sem conduclor |ayer. A capacitor dielectric
overlies the bottomelectrode and a top el ectrode overlies the capacitor
dielectric. -In one enbodi ment, first and second bottom el ectrode contact
regions are fornmed in the strained sem conductor |ayer adjacent but not



underlying the top el ectrode. The bottom el ectrode is | ocated between the
first and the second bottomelectrode contact regions. In this enbodi nent,
the first bottomelectrode region is electrically coupled to the second
bottom el ectrode region, e.g_, by at |least one netallization [ayer. [0011]
In a second enbodi nent of the present invention, a decoupling capacitor is
for med §OMMABEORTHEGIVERTEMMSt rate that includes a strained silicon

| ayer. A substantially flat bottom electrode is forned in a portion of the

strained srlrcon | ayer and capacitor, dielectric overl bott om
el ect r otf8091p thS’%%%‘ISPQ‘Fl 13?0]? gﬁ(ﬁﬁ“eé‘l’lg’cloﬁvc?gé’r 85%'??"58@‘1 Egec glcr tor
dielectric. The top electrode is connecte%m{o a first- reference vol t age

li ne anefiveniazessretasavalieachicyifeby Brefeaish smbadimegts ot rdisrgnyiByeahien Waiho| t age
line. [0012] The present invention also teaches a method of forning a
capaci t tach 3A intsgmied oinehitccapacitermigh erbipeced patfomianre arskmethed fimpsyfaciire Rcon

| ayer is provided. A.bottomelectrode is -4 formed in the-strained silicon
| ayer, eapgcitor.by doping,the |layer. A capacitor dielectric is formed on
bottom-el ectrode and a top electrdde is formed on capacitor dielectric. A

first d regi on a d a seco ¢]

S![ rai neﬁ]%iﬁl i cg%ﬂa‘fcg R i ﬁgoqmgenogg?eﬂg ?ﬁnpb%qogagg}t] tép?s These
doped re io s are ectrl connected,to t her, | t er,nati v , on
ong g ’é‘é‘r SHﬁmﬁ%@mB“eo ?ydr %@Fﬁ“&%ﬁ?ﬁ%’&h@ odt ﬁgo%etdt% P 8?%% r odey
[0013] The fore oi ng has outlrned r at her _br oadl 9@ featu nd t echni cal
advant agbie sreinegjspmispriugiat lay sty Srtapamitor ‘SEFFH“érOVF ie ﬁ’@“‘d’éf a&é?crr ption

of the invention that follows may be
top electrode overlies the capacitor dlelectnc In one embodnnent first and second bottom

electrode contact regions are formed in the strained semiconductor layer adjacent but not
underlying the top electrode. The bottom electrode is located between the ﬁrsr and-the second
bottom electrode contact regions. In this embodiment, the first bottom electrode region is

o ._ elecndcaﬂy'coupled to the second bottom electrode region, e.g., by at least one metellization

layer.

10011} | In a second embodiment of the present invention, a decoupling capacltor ie formed in
a semiconductor substrate. that includes a strained silicon layer. A substantially flat bottom
' electrode is formed 1n a portmn of the stramed silicon layer and a capacltor dielectric overlymg
~ thebottom electrode A substannally flat t0p electrode overlies sa1d capacltor d1electnc The
. -top electrode 18 connected toa fnst reference voltage line and the bottom electrode 18 connected
. to a second reference_ voltage_hne.; l
[0012] ~ .The i)resent invention also teaches e‘lnethod of formlng','a caf_;aci‘ron A :

semiconductor substrate that includes a strained silicon layer is provided. A bottom electrode is

G-



better understood. Additional. features and advantages of the invention
w Il be described hereinafter which formthe subject of the clains of the
invention. It should be appreciated by those skilled in the art that the
conception and specific. embodinent disclosed may be readily utilized as a
basi s f ot R Y \rafhkd SESIARN RS, O HRlophie HEH MR BhadHoPEERSES is BfmddBl Y1 NG
out the sane purposes of the present invention. It sShould also be realized
by thoseyskil] g i bt £ALIeGARS A MG do
depart frb %?tnb‘ltnheg&gjgﬁer%I{a%e{%&gi%g%mo@%%e&% e%ﬁeoncas 'sretﬁll or}?{%ﬁegﬁn %}Ejtea :
appended ¢l ai,ns. ,.-5 BRI L PTI . \ ] re
conp! et e SRR PEHIBIOE s TIE “pRLL Bre g P R et heiedt fe BB
he.fol | ow ke

th f, f | de t d i pti .t i
conj unct RIS h R SOPR SRRy G TF L e O R o] GURTRH P B e shows

an equival enf circuit of known decoupling capacitors; [0016] Figure 2 shows
a capaci Pe‘L’fegé?“f-“ilaryﬁe “é??ﬁB&]eﬁ’E‘ﬁ?%fYo‘fogfaﬁtetgf)g%rg’érhfle‘? Bntion; 10017] Figures
3a-3e provide diagrans to illustrate the concept of a strained | ayer;

[00181 Fifgers 4 MAheYdre@nethas biithikéd raffefifbaddy tlRqetinyad Silteshnlcalidvar@ige@of
capaci tor .enpl oying an inversion |layer as a bottom el ectrode; 10019] Figure

5 shows qi SR8 MvBRN iflhas BMthd detSlel AbdcABHd YT (ol ihGGikioh WRADRIIbRYmaF HE T ent
through the" capacitor .dielectric; 100201 Figure 6 shows a capacitor of a
second epadi RBkioRl. ABR:MLREA es2RY 8MNahRBes of the invention will be described
o hereinafter which form the subject of the claims of the inirenﬁon. It should be appreciated by
those skilled in the art that the conception and specific-embodiment disclosed may be readily
' utilized as a bass for modifying or designing other structures or processes for carrying out the
same pui'poses of the izresent invention. It should also be realized by those skilled in the art that

-such equivalent constructions do not depart from the spirit and scoﬁe of the invention as set forth

‘in the appended claims. .



100211- Figure 7 shows a top view or |ayout of a capacitor of the present

i nvention; [.0022] Figures 8a and Sb show cross sectional views of the,
capacitor of Figure 7; [0023] Figures 9a and 9b show cross sectional views
of anot her enbodi nent capacitor; and . ':[0024] Figures .1Qa-10f show cross
sectional views of a capacitor of thepresent invention . 'during various
st ages of the fabrication process. -6 DETAILED DESCRI PTI ON OF | LLUSTRATI VE

EVMBODI VEpR @IP &gng of the presently preferred
enbodi nents are cussed in d@gﬁd bel ow. It shoul d be appreciated,
however, that the present invention provides many applicable inventive
concept s[00kt cdior beorrbodictdndastandingdd theepressninintiopeoil thiepdvaragest s.  The
specific - enbodi ments discussed are nerely illustrative of specific ways

t o make thadof)sedfertive is nowemndde tothe é:ildwmg deedriptibm thiednhie coqjosionfvithiee | nvent i on.
. [002,6] In the preferred enbodinent this invention, a capacitor structure
with at ieaspaghg destiigimneldciel ectrode is taught. The strained el ectrode
may, for exanple, be conprised of a strained silicon layer. For exanple,

t he stra] nf_d el ctrod can -be, heawl do ed strained silicon layer. or it -
can be a ver WP 244 Guy; Ptr“é‘icl‘l‘é £l ﬁo"rpii?%FaPaf‘%%ﬂ Figure 2

shows a speC|f| C enbodi ment of this invention. Figure 2 shows a

seni condfm smdzaﬁewagaap\amohopaﬁlepenﬁﬁddahmdfﬁlbbk&mA\eﬁ@dn 104. A
capaci tor. s Tormed on. substrate 102 and i ncl udes t-op el ectrode 106

that overli es a capacitor djelectric 108. The bottom 'electrode of the
capaci t ol00{3 th@lgumﬁéﬁéFBWV@a?@gr%FWtﬁ‘F tbﬁé"@?ﬂéﬁﬁé@@‘?q ¥&Sn | ayer 104.
One or -

-{0018] Figure 4 provides a circuit mode] or equivalent circuit ofa capacxtor employmg an’

- inverston layer as a bottom electrode;

[0019] Figure 5 shows an energy band diagram illustrating the direct tunneling current

th_rough the capacitor dielectric;

[0020] Figure 6 shows a capacitor of a second cmbodjleen.’t of the present invention;

[0021]- Fi‘gﬁre 7 shows a top. VIEW Or iayout of a capacitor of the present inve_ntioﬁ;

..[_0‘022} Figures 8a and 8b sﬂﬁew-—eross sectiondl views of &Le;éapac:itor of F igur'e 7;

_[0023] F %gurefs -9a. and éb eﬁaw —cre_ss sect-ior'x:.al viém_vs of another embediment eapacitor; and 7
- .'...(00'24] | ‘ Figures .10_a-10_f show cross .seclt.ion.'al vi.el.v\:'_s'qf a capacifor ef the present inventi.ol;-

" - 'during various stages of the fabrication process. -



nore doped regions 110. (and 112) are formed adjacent to the inversion
| ayer to electrically contact an inversion |ayer 114. The capacitor 100
may be isolated from other devices of the sem conductor chip by trench
i sol ation regions 116, for exanple. The strained silicon region can be
formed in a well 124, which may be part of substrate 102. [0028], In the

embodi NBRT AN EHIRSCRIBTION'@FABDUSTRAMIVE EMBOBIMENT® -t he top el ectrode 106
and the bottom el ectrode 104. The top 'electrode can easily be contacted to

i nce an er: _ -syrface is - osed., To contact the bottom electr.pde,
bot o BPES T odEhe BERREA T8 PhIE PptHtly Ry EHE iibpdientsr SRR IEA 0 one

enbodi ment, the bottom el ectrode 104 is.doped to .the same con uc%}i@vi ty
type asbelows EHhewe be prnseiniad, rayevspdbat fie presgpizoyentipn Brosidremany feplfieient | "t he
bottom el ectrode 104 is doped to a different conductivity _type. _In this
case, tinweritivespntepls thasgardhe embedied ime pidedariety of spcsificcontiss.c Bitsaedifidet ween
regions 104, 110 and 112. For exanple, in one enbodi ment the.contact

r egi-onsemi®limaats dkeussedarpingrslydHistiativopleapesific ays to ygpke daesa ths igenon, ar seni c
and/ or. phosphorus) and the el ectrode region 104 is physically doped with
p-type fophnia lirét the scopoofihy inveilian. .t he top el ectrode is connected to a

hi gh voltage level, inversion region 114 will be fornmed and will appear to

be n-dog -Iln this .manner . ..the bottom el ectrode.contack. . adi -1.10

andl or 0361y ¢ oL TE SRR SR ISR Ot € Srrep e Fyal PR, [T 10

exa.rrpl esu'a]) annegl e_lécrllrgdebics)ttéuogm. e[lhg %ttrglggde elelzcﬁogg grag%t _OIQ gx%.lnlp%, ﬁig go%gpritséhe of fa Is{rgi}ied ‘
silicon layer. For example, the straincci electrode can be a heavily doped strained silicon layer or _

it can be an inversion layer in a strained silicon layer:

[002';7] Figure 2 shows a gpeciﬁc embodiment of this invention. Figure 2 ghovks a

.: s'enﬁconductof substrate 102 wit’ﬁ a top strained silicon layer 104. A capacitor 100 is formed on

subétrate 102 and includes top electrode 106 that overlies-a capacitor dielectric 108. The bottom:

elecirode of the gapacitor is the inversion layer forméd in the s&gined siljc_on layer 104. On'é or

.more -déped regions 110 (and 112) are form;sd adj acept' to the inversion layer to ¢1ectn‘.cally

‘contact an inversion layer 114. The .c-apacitor 100 may be isolated from other devices of the

semiconductor bhip by tfend} i.solation regions 116, f;ar exampie. The strained ;‘ilicbp regién can
' be formed in a well 124, which may be part of sﬁbsﬁate 102. o

. {0028] o In the ;emb'ddiment 'o.f Figﬁe 2, the capacitor is _fortﬁéc} frg)’m"the '_';_op cléc;ﬁqde 106
L . and the Bottoﬁ;ele;c;réd'e 104. .'.I“he .fo;; 'électréc_lé can easily t:;é' ponfaqltg_d to since an ubﬁer:

surface is f':prﬂs'c'd. To Cthact,t‘m bottom,-ciebtrode, bottom ¢_léctr(_)‘de,c0ntact regions 110 and/or



conductivity type. In this context, "operationally doped" neans being at

t hat doping | evel whenever the chip is operational. This definition
excludes a transistor, which is at that doping I|evel only when that

transi stor itself is turned on. ]10030] Figures 3a-3e shom1an exanpl e of how

a strai nem drayeuids®YinkRe LRI, |tHe lséh%m AE&IRE ﬁ@ﬂls%gétﬂtot amel N€_ Strained
e e

| ayer 104 is strained silicon. - shown in Figur stralned

silicon- éﬂﬂu&§n§gfgggmgem@m§ﬁgbﬁppﬂHﬁﬁqr9118 with a lattice constant that
is larger than. ﬁe relaxed lattice constant of silicon; e.g., relaxed

silicon-ger n|un1(8| CGe) layer. The relaxed SiGe |ayer 118 namy overlie -a
gr aded SP(’@és‘]buf flepnqthey embodirocnt\ihe Womelefgmdmofbm daped o aodiffersbihtadtBriy12. 2.
The-rel axed Si Ge layer 118 can be thought.of as'a stressor that introduces
strai n i-typ¢.he this gdst.i thomvdragrercgib04 14 Bheodtieds Serate thelcdhics b&dBen reeforR!186d

bel ow the strained silicon layer 104. -100311 Figures 3b and 3c “illustrate

the ef f ett0:andfl12. Nitsr erdraple th e Gmbbaiynt the 8ordsikt FegdsiRUd0 R P £abh sisdikal ned. -
silicon |layer 104. Figure 3b shows that the two sem conductors have

di f f er endopaith 6@y RaREiA LS., hidenit Ekﬂif&%kl%&bm%j ﬁidech@agct'?dc@g%ﬁgrxg‘foé%o""s the

strain-created i'n'the si licon -8 | ayer 4 when the two and 118

are j oi nﬁt@sxcéﬂ]ﬁﬁoﬁ&d’ WEE 8 HblaBR e, %Ogoﬂaﬁ)y Whe RIS g dehfbcju%tyi% c}c_)lﬁr%{&edoto a

Slgn|f|cant mobi I'i ty enhancenent Ras been report trons and

hol es ﬁtélta%é)fgxéétggﬁ‘{m&i %b8 114 1Pbd Bruibd Bldiy éoo3 e oeiBog 0 kY

enhancene t ca alne n re
| Fust r apaegytBehdy %@“&% R R -ttfa'a%‘latYr?t':én%ﬁwsfn in-
sili C_On eh& Oennc:ti %né[ ek%r%pl\f/a z!nxtld??{esbo%%lml élee!tr%%g 1stovt\ngrat10nalgydoped the first ‘
N conductivity tyPe. In this context, "operationally doped" means bemg at that doping level
Whenever the chip is operational. This deﬁnjtion exeludee Va transistor, which is at that doping

Tevel only when that transistor itself is turned on.

[0030] Figures 3a-3e shew an example of how a sirained layer tﬁay be formed. In the
' preferred embodiment, the strained-layer 104 is strained silicon.- As shown in Figure 3a, the .
strained sil'ico’nv.l 04 is formed on a semiconductot' 118 with a lattice constant that is larger than.
the relaxed lattice censtant of silicon; e.'g. relaxed siIicbIt—oenﬁahium (SiGe) Iayer The relaxed
'SlGe 1ayer 118 may overhe a graded SIGE. buffer layer 120, whtch 1s. grown ona suhcon substrate
T 122 The relaxed Sle: ]ayer 118 can be thought of asa stressor that mtroduces stram in the

"sillcon layer 104. The stressor, in thls case, is placed below the stramed silicon I_ayer 104.

"[0'!')'31] ) Flgures 3b and 30 111ustrate the effect of’ the relaxed SIGC layer I 18 on a.
__pseudomorphmally stramed sﬂlcon layer 104 F1gure 3b shows that the two semlconductors have
dlfferent lattlce constants in tlae natural state and F1crure 3¢ shows the strain created i in ) the sﬂmon

s



| evel s as shown in Figure 3e. The two-fold degenerate valleys | abeled Az
has a | ower energy and _ higher in-plane. nobility than the four-fold
degenerate valleys | abeled A4. The difference in .energy between the Az
and A4 levels is AE. For.strained silicon gromn on a relaxed SI'E_,, Ce,;

buf f er of the
el ect ronis%rg{aé?%gﬁ? nt?lltehbg ﬁ%’r@ﬁ? %'dqd g%‘g(?e va tﬂfalngdﬁ elgg\g/%fggg@éf ectron
nDblllty n4f| 003 r ef er ,
enbodi rre oﬂ? E‘%ﬁmn %I;/Letj'n t 1(%5\/%%5\[}&3“16“5%&% E&é&%efé quEh ‘Tefecgrgnﬁs %§}§1P or an
inversion r.egi on ralned silicon Iayer |s used as a bottom el ectrode
of a caﬁﬁ%f? ‘# Qmﬂg [l St ed. strained silicon is preferably heavi | y
doped with n- type dopants, and the inversion region-preferably conprises
el ect r onpogzgfaus&he hbilipénhbic¥ment cah BE Expliifed & foltdv@Nilhirdaidt ki¥icdniteeased. in
strdined silicon. The resistance of the inversion region is inversely

proport i gRadrodstefiBdinl thd dix-fold BégtherdRN;lcbhdhctibl VAl ! RTIBHEOPy Figgre 3d. ower
resi stance. Therefore, by formng a |low resistance inversion |ayer in the

strai nedygiy {HEoRtrd AYEn ofbRLiaERLGY id¥lidoh, S cohdubiRintvalRys AL LhOBR éﬁ&g?
capacitor,'the. capacitor iI's forned with an el ectrode"with significantly

d t
Pt e PR ShARE B e s ARG A e *’?‘%ﬂsﬁ?ﬁq ﬂ?}ﬁ%‘d%ﬂ%ﬁe@gﬁﬁ%u?
f d- b digit 1
Rof or i E‘é@s@n?@gfﬁﬂmurﬂé@&h“aﬂ%eiﬁﬁzﬁ c“’%%ae‘ fhead e B4 PR e

t 100 F 4, I | ectrode 10
capact t P8 hefset BE rep S aEs Fi s&r?g @ﬁ%ceéﬁﬁairréﬁer&sﬁ%de )
| abel ed e capaci.tor el ectri del ed a distribyted
cqur val e AL ea'b‘ﬁ?a ey gD, g‘é@&ﬁﬁf&*ﬁ?@%ﬁﬁ%h@f Pt he
capacitor dielectric r '
. twoﬁfold degenerate valleys the average electron mobility i is mgmﬁcantly improved.

[0033] According to the preferred embodiment of this invention, a heavily doped strained
srlicon layer or an inversion region in a strained silicon layer is.used as a bottom electrodé of a
capacitor. The heavily doped strained silicon is preferably heavily doped with n—rype dopants,
and 'the inversion region preferably_comprises elecn'onsrbecause the niobilitj'( of electrons is
eigniﬁcantlj rncreesed_ in strained silicon. The resistance of the inversion region is mrersely

: pr'0portiona1.to mobiliry A high rnobility iriversion region hae a lower resistence ' Therefore, by
_Afonmng alow resrstance mversron layer in the stramed srhcon layer and employmg itasa

s bottom electrode of a capacxtor the capacrtor is formed wrth an electrode wrth srgmﬁeantly

‘ ‘mproved eonductance The capacrtor may be used as a decouplmg capac1tor in the preferred

. embodnnent but. 1t 1s ‘urlderstood that the‘ capacltor thus formed may be used for other analog or

| "drgrtal appheatlons



and a nornelized capacitance density c.. A capacitor dielectric with a | ow
| eakage has a high r,. Therefore, a large rE is desired. [0035f On the

ot her hand, the sheet resistance rS of the inversion |ayer 114 should be as
,smal | as possible. Since the inversion layer 114 electrically conmmunicates

with adj acent doped .regions 110 and. 112, al so-known as the source and

drain rqenlaps, Réferingheeto Fipst 41arices madel orcgnivelentaictivofibtieapacitord08nd 112 -

at the two. ends of the circuit. diagram of Figure 4. The inversion |ayer
114 is ¢ e bAFikye eahaep tlectrdde 106 ef thelchpacigi ioAepi@ed usingawpmzowahbar '
resi stances rb. The well region 124 is typically connected to aground

pot ent i ghd ciEctdPro Yo abeRdiG Theiagadiloy dicleatiigd 08 isto@leled msing g istritrert

current flow between the inversion layer and the well region. In addition,

since pﬁ“‘b?lelt%uaﬁt BPBloafUivite A horlalive Afb RS g il fedagitiof the@hpdcher dislpatictror

each hal the circuit sees an open circuit-termnation. . 100361 The

| mproveng ‘anB&ah?e%tcaéh%ﬁlnc B9} ANK @aPcitbh B elesi€ With QMo e hag Hhigh rone of

t he advan ages pre erreéd enbodi nent of this invention. According to

this e g- the inversion layer in a strained silicon.
| ayer e §§ﬁ§l¥ ngﬂ@%k ottomel ectrode, the .value of rs is: snmaller

than that in a conventional relaxed silicon channel: A smaller value of r.,
cont ri byoessjt o Oa tisrutiier bandsthe shest regstagteanaidhe wﬁcrslheléu'atpldélsh@ﬂd beps g snal | er -
resistance in one: of the electrodes of the capacitor: A-_"smaller :
electro d.ﬁna!l% pakBRC Girkend suve@ma Hyanerd emmmuyennunuaeaeemﬂl adjacent d0ped

reglons llO;nd l].2 also lcnown as the source and drain regmns the sheet resistaices are
L connected io nodes 110 and 112 at the two ends of the cucmt diagram of Figure 4. The inversion
'_ i layer 114 is electncally connected to the well region 124 through body resistances r,. The well
region 124 1s typlcally connected to a ground potentlal The value of I is typrcally large since
no_signiﬁcant current flow between the inversion layer and the well region. In addttmn, since
- ﬂ'tere is no net current flow across the center of the capacitor, each half of.the circuit sees an open
circuit termination. . |
[0 036] The 1mprovernent to the sheet res1stance of the i mversmn charmel I; is one of the
: g advanta,,es of the preferred embodtment of tlus 1nvent10n Accordmg to tlus embodiment, by
formmg the inversion layer in a strained ,SthOn layer and using 1t asa bottom electrode the
.' value of I is: smaller than that ina conventional rela}ted s1l1c0n channel A smaller value of Ts |
contnbutes toa smaller senes resxstanoe in the. oapac1tor or a smaller resrstance in one of the :
L electrodes of the capec:ltor A smaller eleotrode remstance Ieads to a lower equlvalent senes ‘

B resrstance (ESR) The ESR is. deﬁned to be the nnpcdance or resxstance of the capacttor at 1ts

L ' resonant frequency A low ESR is one of the des:rable charactensncs fO.L a decouplmg capac1t0r



resistance (ESR): The "ESR is.defined to be the inpedance or resistance of
the capacitor- at its resonant frequency. A |low ESR-is one of

the' desirabl e characteristics for a decoupling.capacitor -10 used in high
frequency circuits. In high frequency circuits, it is advantageous to

enpl oy deeauphighGregasep bikais. I High kliche! alculRAIANERa@bus REhHIGNCE Over a
w de frequencyg?adge [ 0037] Ano%%e?ﬂ%eﬁgflt of the pr%%erred éﬁgodlnent of

this i nve&bugrh g GphdiRrsAUBH ORI iR elﬁa&aﬁem%&%&ratdaiuewaliuehaﬁraﬁ@eoac' tor
dielectric 108.  Referring now to £|gure 5, .an.energy band’ difagramis drawn

to show the conduction band along the-line. A-A in the capacitor structure
of  Fi gul0833] Thénetherdenclifnof the prcdared eghodineent effhis iwvsptiande the ralctian athe '
capacitor dielectric 108 to the strained silicon layer 104.and the

seni condigekage cugeiihroughehe gpacitph dieleetricd O d Refeonngnewstp Faguee 3,02 endrgy bakden t o
be Si Ge, for exanple. [0038] An electron (depicted by a circle |abeled 126) .
in the, dibgmimisdrayim tb slrw thayardudifoh hand hlong de lmeblans inghe b@agtor stgickeaoby Qb

as indicated in Figure 5. This electron may be in an inversion |ayer -in

t he str aFigack %i Thedime ALA%paseds fiokni the epastéctode 106/ tolik: @paot dieleardit 10810 ther a
heavily doped strained silicon |ayer. The quantum mechani cal . tunneling of

t he el ecitradedishiicon ¢yet 108 6@ PRGEMROnAW IR lsBHated 02 0Bhd Rntiddadidig sebsgaieriode 106
contributes to a tunneling | eakage current, which is "undesirable. Due to

t he spllg&Q&guggegmgjgﬁgﬁﬂﬁmlevels i-n the conduction band of the strained
silicon:layer;, the botton}nost A2 |evel in the strained silicon [ayer has a
reduced or | ower energy conpared to the A6 level in a rel axed

silicon [‘IQ?%} pan Sle?té@dliftpl%ﬁfd tf%‘“@%’&h@% Hdp 6‘9 sfraiged) silicon layer 104 will -

see a barrier height given by @, as indicated in Fi 10ure 5. This electron may be in an mversron
; layer in the strained silicon 104, or this electron may be a mobile carrier in a heavily doped
| strained silicon layer. The quantum mechanical turmeling of the electron through the capacitor
dielectric 108 to the top electrode 106 oontributes toa tunnelirro leakage current, which is
undesrrable Due to the sphttmg of the energy levels in the conductron band of the strained
silicon layer the bottom-maost A2 lcvel in the stramed srhcon layer has a reduced or lower energy
 level compared to the Ag level in a relaxed srlrcon laycr. As aresult of the .reduced energy level
in thc conductron band of the stramed sﬂrcon the barrier herght seen by the electron wrll be
. larger ‘The larger barner herght results ina reduced tunnehng pro'oabrlrty and therefore a
_:reduced leakage current Therefore a capac1tor structure employmg strained srhcon as- the '
. . bottom electrode grves a lower leakage current compared to one usmg relaxed silicon as the :
R bottorh el_ectrod_e. - | o |
; {0039] '. F igure 6 sﬁoWs another éﬁrbédﬁﬁeﬁt of the preserrt inuention Where the strained
. ‘srlrcon 104 is. formed noton a relarced srhcon germamum ’ouffer layer but onan msulator layer o

-11- o



i n the conduction band of the strained silicon, the barrier height seen by
the electron will be larger. The larger barrier height results in a
reduced tunneling probability and therefore a reduced | eakage current.
Therefore, a capacitor structure enploying: strained silicon as-the

bottom I 3 n ther e the resent
i nvent i g‘% wﬁereﬁl %uﬁse gctrgllsnagsa% | co&mfbeﬁla n‘q}g (ggﬁha-;u %faé‘}
silicon ernanlu on an i.nsu . 1 0 Such a .
Subst r o DpESR 4R 11%85%&*3843‘%@#% %es@?tﬂ%' T30, v@@av srepvpbser)
-substrate, S trained silicon |ay 104 overlyin an

i nsul at c?me"Q?@‘F‘fcgﬁ‘%ngﬂ? iﬁ ﬁ?oﬁ‘ﬁ“rsr‘?r%?f’é'rdll?t%la&“ g‘éﬁﬁ%‘éﬁ‘?dﬁ’&?é?a&y@‘s]tgy%ﬁ e 132.
Anot her sem conduct or (not. shown), such as a.” Si Ge |ayer, may or nmay

a
not be AR Iwé'me%*ﬁei/ 1??@@9#518#@@6% ﬁth—eblmra‘ﬁéuanqm ussﬁ@tqrrla@er A3 at or
| ayer 130. 10040] Such '"a substrate 132 may be fornmed by a Iayer transfer

t echni qy@g403uch sash L¥bdie 133 F@ 8L RImed b a?atyrc?{rﬁﬁger %Chﬁlg‘([}'g s 0 a

target wafer with-an.insulator” surface.” The bott ctro 4 ‘may be

1ot |y (laBethANda Bl Gl gé'o\e SORLACLER, wrm%nm% drfé or the
bottom e fgle 4. may El H)aotﬁg%ope region i ﬁ? Th 9%tgoe 6, the -
capaci t ﬁ | nt q¥ tre ch.isol on 116
R i efr@?%a S PR R ol Rt R e . ?ﬂes
' sol at ! %ottom eiectrocl’éslﬁg may bea hloh—doped rcglon
[0041] o Fi’gure 6, -the capacijtor iS'isoleted from other circuit éiemepts by trench isolation . -
116, buf it is understood that other forms of isolation, for example, mesa isolation may be used. )
Tn mesa i'solaﬁon, trenches are not filled with a dielectric filling. material prior to the formation of |
transistors or capacitors. In a serhiconductor chip employing mesa 1solation, trenches between
active tegions are not filled with dielectric pﬁer to the formation ef active devices.
[0642] Accordmg to embodiments of this invention, the capacitor dielectric 104 can be any
: dlelcctnc For example the. capacltor dlelectnc can be conventlonal gate. dielectncs known and -
'}Jsed in the art, e.g. silicon oxjde, silicon oxymtnde, or sﬂ;con' m_tnde, or cembmatmns thereof,
o :In enother cmbodjrhent, the capacito‘r _dielecnic_ m‘ay be cexﬁpﬁsed of a high _penniﬁivity (Ilighek)
'-'-' dlelectnc By usmg a }ugh k d1elcctrlc as- the capacn:or chelectnc the capac1tance densﬁy
f
. . - R . phys
B is srgmﬁcantly hlghcr than thai of a capamtor ¢mp10y1ug a conventlonal SthOIl ox1de dlelectnc
. ,-.'where ao is the perrmttmty of free space g is the relatwe pemuttiwty, and tphys is'the physmal

R ﬂnckness -of the capamtor dnelectnc

. ’



In nmesa isolation, trenches are not filled with a dielect ric filling
material prior to the formation of .transistors or capacitors. In a

sem conduct or chip enploying nesa isalation, trenches between active
regions are not filled with dielectric prior to the formati on of active
devi ces .[obD;1]42] Aeansdk tigletieic prafeshlang s patitikitsof Imgenthiibouttshendrapaci t or
dielectric.104 can .be any dielectric. For exanple, the capacitor °

di el ect rj;erepadlly RE LRAMRIVity QN Rkged 8iaf abltitd begiddves mbRPMeTe@bIY b rnfttidike
art,.e_g. silicon oxide, silicon oxynitride, or siliconrnitride, or -

conbi nat £ fags Sut 20. "R Fn@REMiaBALc niah 8e SARRGI Rl 2 Sogp €Ct ri ¢ maybe
conpr i sc Taper i ghupermt?'igg\?iqtﬁy (hig'ﬁi-lm-)mdi yB Seng Bya%gi@é\g a hi gh-k

di el ect réc’%{ﬁim ﬁg%gt ' Bﬁ&agﬁklﬁb&ﬁ%ﬂiﬁm e (ﬁ?(?%,%a}ﬁlﬁ&ﬁ%xﬂﬂﬂﬁé ONj, Phys i's

significa an t a. capacl tor oyirig a convénti onal

<t ho PR BN, oL G0 b ol MEARRIV A OR] ARepRaffI T

th It | £ tric.. -12.100 The hi gh-k, di.el ectri. bly h

2 por m CEHOA A0 &F G WBaty 18 ety syl g RGN 1S
mttivity of . st han.ab 10, . and f. |y .has - :

per m 14 94 g Ol 2 SR EOR) B PR o S5 U e Roct ri ¢ may

be sel ected froma group conprising of alum num oxide (A1203), hafnium
oxi'de (Hrrefzyablhsmatier han Rt 16 SR rOrE ﬁr&f%%%ﬁﬂ%‘é%ém ﬁosﬂnéﬂsf{m&

zi rconi um oxide (ZzQ2), zirconiumoxynitride (Zr , .zirconium .silicate
(Zr Si m)gndcﬁve@m-Prafer?@}ywaﬂerrtb@rabw%lq gstrypef BrerdysichBedneme At thet he hi gh- k
dielectric is hafnium oxide. The silicon oxide equival ent thickness (EQT) .
of the capaciordielasirid raas hejsmaliey than about 100 angstroms, more preferably smaller than

‘ _aBout 50 ahgstroxns, and even more preferably; smaller than about 10 angstroms.

[0044] The top electrode 106 comprises a conductive material such as poly-crystai[ine
$i1icon, poly-crystalline silicon—gcnnanium, a metal, a metallic nitride, a metallic silicide, or a
.metallic oxi&e, or combinations thereof. .Metals such as molybdeh_um, tungsten, titaniﬁm,
B 'tz;ntalum, platinum, and hafnium may be used as the portion of the fop electrode 106. Metallic
nitrides may include, but are not lifsited to; molybdenum nitride, tungsten nitride,.titaniu-m_
' ) pjtridé, and tant_all_lm nitﬁde. Metallic silicidés may include, but are‘ not lhni;ed to, nickel
-sil‘.i‘.cide,‘c_dbalt sillicﬂ_ie, -ﬁmg;teﬁ silicide, titamum _silic-.idc,‘tantalum silicide, platinum siIi_cide,
.~ and erbium silicid:e_‘. Metallic oxides méy-ihélﬁdé,' but are not Iimilted ‘tq;‘ ruthenium oxide and -
: mdmm th; ox1de | o
[0045]_' | _._'I'he_dec‘:_‘d-upling'ca_lp;mitof 106-may be \f;)nnedr man active regidn i_n;tht.: v1c1mty of an B
: actl"e &ev_i_cé suc_ﬁ as -aig'ansist;)‘r (n_ot. shown) The éaﬁaéit;)r- diéié_étic may Fﬁompﬁse thé s_émle
--._ ' i.aiei(.acuip as the nalisist_(:)r'gaté d';el_t.éctr-ié'., : - | .

13-



preferably smaller than about 100 angstrons, nore preferably smaller than
about 50 angstrons, and even nore preferably smaller than about 10
angstrons. The physical thickness of the capacitor. dielectric maybe
smal | er -t han about 100 angstrans, nore preferably smaller than .about 50

angstro and even nore preferabl. er th ngstroms. .
10044] - dﬁﬁb tog iefedds f BRIV 198 VI‘?‘gStlhﬁcg%aﬁgﬁr@%O%he t%ffglra such as
pol y- crystalllne silicon, pgly-crystalline si m , a
met al | i embpdipegent tis myentiop; Ehfsanﬁ‘%‘PH@O s aéi‘“d‘he"? gge“g@ng ‘?ang‘md
conbi nations thereof. -Mtals such as npl ybdenum . tungsten, %a@mbsrm

t ant al urembpdizent theywidth V may hevamdragPsioe o duger denahautsgicay, 45

el ectrode 106. Metallic nitrides may include, but are not Ii mted t o;

ol ybdeftargerrthaorabd,  Otmipggss. dn theipraferens, embodimantibe length Laeay heve 2 CdaRensiamm

nltrl de. Metallic silicides may inelude, but are not limted to, nickel.
'silici ¢ largotiantabsitllinttws, and pmgmbbnla&ct then dequt 6 muarrworﬁnélnq@refeoed t ant al um

silicide, platinumsilicide, and erbiumsilici de Metal l'i c oxi des may

I ncl ude,exrbdbin@hi€ tHeQkealof metc@icﬁcm is greﬁthﬁha:uarboom pia’. afilet: deitaileld stouctie o diede .

[0045] The decoupling' capacitor 100 may be fornmed i'n an active region |n

the vi ci@pdcttor My Bebeer in@Edst-3HiSARVVIERs ﬁUﬁélthESme.ﬁA-tA[ aine (BSB in Higired 8aiawn) .
The capaci tor .di eI ectric may comprise the same ~dielectric as'the .-

transistgr gate dielectric. .-13 . [0046] Fi gure 7 is a top vi ew or Iayout- ‘
vi ew of the capacitor 100 of .the preferred enbodinent of this invention. °

The capaC|tor 100 has a width Wand a length L. .In the pL[%f ?
[0047] The cross-sechoual view along line A-A"1s shown in Figure 8a. The top e ecixode

106 extends laterally into the 1solanon reglons 116: The 1solatlon reglons 116 may compnse
" :-isolatiion structures known and used in the_art, such as shallow 1I_encl1 isolation. -The shallow .
trench isolation structure may comprise a dielectﬁc filling ma’eerial such as ch‘emical vepor
- dep031ted sdlcon oxide. The shallow trench isolation structure 116 may also comprise trench
lmer oxide (not shown for sunpliclty) on'the boundanes of the trench. The trench liner omcle
may or may not contain mtrogerL
[064Sl The. tOp electrode in F igure 8a is shown to have a tluclmess t, preferably in the range
of. about 200 angstroms to about 2000 angstroms typxcally less ﬂlan about 500 anbstroms “The
| _' capacltor smlcture 100" may addmonally have sPacers 134 formed on the 51des of the 1:0p |
. 'electrode 106. The top. electrode 106 may be formed of the same matenal as the gate clcctrode T

S _ of other trans1stors on the same clnp:

: i:--7[0049] The cross—sectmnal vxew along lme B-B’ is shown in Flgure 8]’3 ThlS ﬁgure shows
e that the bottom elcctrode 104 may be electncally connected wa ad;acent doped reglons IIO and G
| 1 12 In the case where the bottom electrode 104 is not heavﬂy doped, The bottom eleot:ode may

.. _14_-



enbodi nent, the. width Wnmay have a di nension of |arger than about 5

m crons, and preferably |larger than about 10 mcrons. In the preferred
enbodi nent, the length 'L may have a dinension .of |arger than about 1
m cron, and preferably larger than about 5 mcrons. Inf the preferred
enbodi Meknprishen afveRiorlaykhF 4C ARARIE:a6n Ia§eth@pbLfornidday 20epty oPmbBile The
detail ed structure of the capacitor may. be seen incross-sectional views

al ong t harddrffsmAhdadjRBet dBpa regiBng 19Wn8 18308 Rhen (h8R is a stRdd(d: bibe

cross-sectional view along line A AAis shown in Figure 8a The top

el ect r 0dRrwechQfie QRN IhAUELBILY ThELSbsdfie lithibd @B pbeakABaILOyDBNe

i sol ati-on regions 116 may conprise :isolation structu own and used in
the art, 8%%&%'6%% FARD b?f?ét?r&% B"ﬁ}d%l ow trench isolation
structure may conprise a ecfrrc i I-ng erial such as chenical vapor
deposi t.ed- silicon oxide. The shallow trench isolation structure 116 may

al so corffie3le t riomnedasdos nbgimphaitgtethé nottacth bithhave motdiearpstiogtiy jheorvss-he =
boundaries of the trénch- The trench |iner oxide mayor may not contain

ni t r ogerseftdBYiewhef Rigyresfaead 8o.0Ehésa coutgitiphig8a40 are §Himvm1ntFﬁ)gdﬂﬁ\Ba aad ph)i ckness -

t, preferably in the range of about 200 angstrons to about' 2000 angstrons,
t ypi cal lwhitlessll bé tiscusbaet. X00. angstrons:- The capacitor structure 100" may
additionally have spacers: 134 forned. on the S|des of the top electrode

106. Th eI ctrode be for d of t same matei.ial , as, the'
gat e. elgéflﬂode ‘f ?hﬁrrsp%getﬂ%ﬂr& pigeal e&r?%ntfemefn Yhege the -

cross sectlonal vrem/ al ong |i B-B' is shown jn %§ This figure-
, shows Straingg gilicenkayesdpd erf?@reéet ree@oaeﬁth?ﬁ%eoequét@f Fybstate §/07cdﬁﬁbé%§3é'ét _

vi a- adjacent doped regions--110.and - -
.~ the strain may be mduced by local mechanical stress such as that due to the mﬂuence ofa h.tgh

stress film 136. Figure 9a shows the cross-sectional view along lme A-A’ of Figure 7 and Figure
- 9b shov.rs the cross-sectional. view along line B-B' of F igufe 7. These figures include the inter-
' ‘lavyer dielectric 138 ettd contact plugs 140. Contact plugs 140 serve to eiec_ttically couple.top '
electrode 106 (Figure 92) and doped regiotts 110 and 112 (Figure 9b) to portions of the ﬁrst‘

metal layer 142. This metal layer 142 is covered by inter:layer dielectric 144.

i . [.r_msi] The inter-layer d'_ietecutc ALD) 138 and/or 144 canbe a c‘hemica_l. vapor deposited
-dielectric such as silicoﬁ oxide. | Either one or both of ILDs 138 and 144 can also be a low
: penmtttwty (low-k) dtelectno employed in mterconnect technology For example by usmg a
- - _'low-k ILD 138 to cover the capac1tor parasltlc capacxtances between the top electrode 106 and
-' .,Imeta.l lmes 142 in the vwlmty of the top electrode 106 can be reduced By usmg a low-k ILD
" ; 144 over f_irst meta_l-layer 142, paraslttc capacitances between the first metal layer 142 and .tl_l'e_

"_A_s_'econ'd metai_ layer (not. shown)canalso b reduced.

BT



112. In the case where the bottom el ectrode 104 is not heavily doped, the
bottom el ectrode may. -14- conprise an inversion |ayer 114. An inversion
|'ayer may be formed by a supply of nobile carriers fromthe adjacent doped
regions 110 and 112, and when there is a substantial bias between the top

and bott oot Ctl‘ﬁp{ﬁ@ & t ot.ent bet ween
VDD and I[C';lD\ID Fbet vveenprce)\/%%d %&%%%{’ lﬂ%lrre h@ &%r}&/%b Ik}ﬁ%rlo {‘38@505] lepspr

reasons oihaglaamtgcym R a[B a1} ot been n.the cross- - -
sectional views of Fi gmurregre8a qusg g%a}lﬁﬂgt?e/&c A AREPISH 'E’@g’wll&é‘e@ﬁ’élcshom in
Fi gures 9g.and 8 ssed next 0511 Figures 9a and 9b.
show yet anot her!%'ent)ocfﬁ‘%tgwrﬁaf"tngfﬁuchl g‘ézﬁ{’y‘tﬁt}’é‘?’i‘ﬁ%gﬁBMgﬂ% FEARE ™ airned
silicon | gyek rtlon of the sem conductor substrate .
102. In tﬁ&ls 'cég‘gm%‘ﬁ‘{%&n?‘%“é“t ﬁ‘%ﬁ'@cﬁf& §THY e be BY inogganic dulestrinnetatialstuckss,
such as t e.to the i ence of a high stress film136. Figure 9a
shows t he&%%tggl Sé%eéti‘tlt’)’r?ﬁ‘f &#@v@yﬂ%ﬁ@ sisepriigane (B$QESHIF, s dkasplbsFiTyegee 9b.
shows the_c s:-sectiaqnal” view-along |ine B-B of Figure 7. These figures
i ncl ude t’ﬁ‘é #F exemplary ogly af efhenembodiggntaacioplde tiffptentiswddelcGapt act

pl ugs. 140 serve to electrically couple top electrode 106 (Figure 9a) and

doped reg?ﬁ fGdalg 10 and 112 (Figure 9b) to portions of the first netal |ayer
142. This retal layer 142 i's covered. by |nter-Iayer di el ectric 144. (.0052]

The i nterpphsaer - d&é‘dn%fét tdnll and/ 144 e_a chem cal vapor

deposi t ed mf]l ‘el ectric su ?E}SII o’ftove %‘etcﬁi fﬁ‘l‘f@t" %F@aﬁﬁ%ﬁ?ﬁc‘i‘éflﬂ,LDs L

138 and. 144n&a0; £ mttivi | owk) . djelectric. enpl oyed

i nt er connect tech %‘Pogy'ﬁﬁ"g\%&%ﬁ%ﬁ@i qu‘%greéemblymmﬂmmde butitis .
understood that other materials with a different etch rate from the ILD may be. used The silicon’
-nitride etch- stop layer 106 may have an mherent stress mthe range of 2 giga-pascals (GPa) o .

+2 GPa, where necratwe stress unphes compressive stress and posrtwe stress implies tens11e '

stress.

‘[0035] As shown in Flcrure 9a, a contact plug 140 electncally couples-the top electrode 106
to mterconnect metal hnes 142 As shown n Ftoure 9b, .another contact plutt 140 eIectncaHy
e connects the doped regton 110-(1 17) in the sermconductor layer to the metal Imes 142. Thrs

: connectton serves to electncally couple the bottom electrode 104 of the capacrtor

L [00::6} ' Next, a methori of manufacttmng the decouphng capac;ttor W111 be‘ descnbed W1th
- : respect to Ftoures IOa-IOf Refemng now to Flgure 10a, a semmonductor substrate 102 e o
- comprlsmg a topmost stramed sdrcon layer 104 Is prowded For e)tample the sermconductor
: . . substrate 102 may compnse a stramed s1hcon layer overlymg a relaxed SIGC layer as shown mn
| ‘ -Fjgureo The germamum concentratlonm the relaxed SlGe Iayer may be in the ranoe of 10% .
A -'M.'90% -and more preferably from 20% to 40% 'I'he ﬂ:uaness of the sh'amed sdtcon layer 104 is’



.lowk ILD 138 to cover the capacitor, parasitic capacitances between the
top electrode 1.06 and netal lines 142 in the vicinity of the top

el ectrode 106 can be reduced.. By using a lowk ILD 144 over first netal

| ayer 142, parasitic capaci tances between the first . netal |ayer 142 and the

second net al not wn). can_als duced. =i 5 100531 In the
preferr edp’@%?}g¥E§]ﬂ ‘tstcﬁ'é‘apg‘#é%‘?s% £ AT ?W@l?’&oétneﬁh@elﬂaws%ﬂfét‘ee“é‘@ﬂeé is’
| ess than _about 3.5, and nore preferably. |ess than about 3.0 _For

exanpl e, ¥Heon layer ik in s Epgeaf ahout 20 apgsionis toaRpubs00arewiogisn it anetice example,s uch
as benzocycl obut ene (BCB%m SI LKTM _FLARETM or others. Alternatively, the

| ow k di efhesemicondygionsibg tPrﬁsﬂYB%S%ﬂqdﬁdF@arﬁmén%la&féw@te material, such as
met hyl- sil sesqui oxane (M5Q), hydrogen sil sesqui oxane (HSQ, SiOF, as

exanpl es. rghagpse ﬁrﬁtaaweaéagtm%am@gms@a ¥Wrke ﬁénc(ﬂ%shﬁirg JEEROELRB M R

I ncl ude dlfferent lowk dielectric .. materials contact et rstop
o’ i h @gure%ﬁ'ltiﬁ%ﬁ%‘ 8o tt‘%&*@ o Zﬂ@@ﬁ%ﬁ@%‘%? nsesalvon

3: Hgogntn I Itatg ona‘cf'ﬁ&’%lr olr(ritc Eﬁcﬁa&-@l attﬂgt : é‘alslf b‘%{?l dﬁ?ly%?% ePBPE st op
to 42 1%%% 1 B Qsif?)?cees fﬂ%ﬁn&sé@ﬁ el BP0 {1 ve
ol g 140 BIRUER %ﬁ%&i?wﬁ% P1aR dhe reiongon 1f megiabioct et al

lines 142. ‘As shown.in (%ure 9b, . anot her cont act plug 140 el ectricall y.
“additional stress. Apphca ion Senal No. 10/423,513 is mcorporated herein by reference '

.'[9058] The 'orocess conttnue_s with a chemical mechanical proce'ss etep to .olanariz'e the top
-._surface of the device being fabriéated. The mask 146 can then retnoved using common etching
techniques. Figure 10b shows the cross:-section at this stage in the fabrication process. |
[0059] The bottom electrode 104.may or may rtot be heavily dopedia[ this point. Ifanion
implantation step with a high dose is .introdttce'd into the active tegion 104 at this point to dope
" the sen_licohductor layer, a heavily ctoped- bottom electrode .can be formed. For example, the
heavily dolaed active ,regio_n or bottotn electrode may have a doping concentration of latger‘than :
- ‘.IQI?'cm':i.. o
L -.[00(-50.]'. 'I'he capacnor dlelectnc 108 i 1s then formed, as shown i in F1gure 10c: The physmal
. "thtckness of the capamtor dtelectnc 108 may be smaller than 100 angstroms more preferably E
o 5_ _’-smaller than 50 anusttoms and even more preferabiy smaller than 10 angstroms 'I‘he capacttocf g
o8 .__dlelectnc 108 may be formed together w1th the formatton of a transxstor gate chelectnc ina - | ;o -'
' .-:'.dlﬁ'erent portton of the sermconductor clup (not shown) For example the capac:ltor d1eIectr1c '

i 108 may be formed by ﬂlermal omdation, chenncal vapor deposmon sputter deposmon or any o
o _..r . = - . L ’ _17__



connects the doped region 110(112) in the sem conductor |ayer to'the
metal |ines 142. This connection serves to electrically couple the bottom
el ectrode 104 of the capacitor: [00561 Next, a nethod-of manufacturing the
decoupl i ng capacitor wi |l be described with respect to Figures 10a-10f

Ref erri ][}aog}/ué% r%djﬁfe%amﬂr@ &Jfg%ggg&tgg %ggégr%%r&gr%z& conprising a

tOpI’TDSP I’al n I con [ayer IS - exarrp t he

over |y FUTAnERc itk “P%g@e TR, QIR 5 PhaRbbPIoCrer2h doh of Y

as sh

The: ger ppui um."cncentiationin.th d_ :.Si yer. be m.the.range -
of " 10, PO Sion RiereiES m%ﬁwﬁﬁﬁaﬁv&e&@&‘a AUV RERFbs s of t he
strained silicon.' ‘layer 104 - is_, =16 . H gferab bel o j s critical

t hi cknaeay. bepyed: Hhe spRapir disteoliciRsY iDReRRPrite & PP & & 55 of el ned

silicon layer is in the range of about 20 angstrons to about 500 angstrone
| n anotgrialxanpl e, the sem conductor substrate may be strained 'silicon
on insul ator substrate. 10057] An active region mask 146 is used to.define.

tr enchgéoélgff 'Refeﬁﬁg%@ rf@'aagﬁeqsp Lo Rde nﬂa%al T0calTRRK b A6 Rfted Sveab! ¥

conpri ilicon. n tr e, nor e -preferably conprises silicon. nitride

.on a. 4 4888k ére% B | Thd B e ddel il gae&ae%rcbegﬁeh%rrdvehﬁ posited

by che tiron rrenches create iso |on

regi ons endi n I oNns

|0 493 Pobae séﬁw’ﬁc’%eﬁww&ﬁwﬁrar ehaRi o R s mtatie, onal
stress.  Applicati.on 423,513 i cor orated ein by. ‘
refered@@-ﬁi@ﬁ§§@“¥ﬁ€%ﬁF§8e2Ewé ?WGQ%KWFP%IQE ﬁl H@gﬁ%nlcal process_
step .t ?:ogxlzeiggrlall tzeghéguees sucg as chemical vapor deposrnom The top electrode 106 may also be

: formed by the deposmon of silicon and metal, followed by an anneal to form a metal sﬂrclde gate

elecirode matenal.

- . [6062] The top electrode maierial.106 is then patterned using photolitho eraphy techniques,
and etched using ,ple.sma efch processes to form the gate eleeu'odes . The deposition o_f the top
electrode material may be the same process step as the depositio'n of gate electrode material of a
) "‘rransi.stor to be formed in a dlﬂ”erenr portion of f.he semiconductor chip, end ﬂle etching of the top -
= _ electrode may smnlarly be accomphshed tocrether wrth the etchmg of the gate electrode of the
R N 'sa1d transrstor The completed top electrode is shown n Flgure 10d. The capac1tor d1electnc is - A |

- retamed at least in the portlon of the capac1tor covered by the top electrode

~

B ‘[0063] ' At tlns pomt, dopmg may be mtroduced in regions adjacent to ‘the bottom electrode N
e to maLe electncal contacts w1th the bottom electrode These reglons are shown in the CIOSS-

cl "f—sect.lonr-.of Flgure 3b-and Frgure' 9b-__(1_n-_p1a1_1es'abox§e and.lqelow _th_e page m-Fxgure 10d). :

g



surface of the device being fabricated. The mask 146 can then renoved using
common etching techniques. Figure | Ob shows the cross-section at this
stage in the fabrication process. 10059] The bottom el ectrode 104 nay or
may not be heavily doped at this point. If an ion inplantation step with a
hi gh- dose [0064{ nt r ddubesh infFignrd He, spatdry €34 pgy baaddidonally fdinsd PR idePogPE, '
t he sem conductor |ayer, a heavily doped bottom el ectrode can be forned:

For exanpkap eledtdhe@kis yy Hofptldwad by ¥ thied GapRnonb dopd the R R6F e daivaaYidave a -
" dopi ng concentration of |arger than 101, crn 3. [0060] The capam% :

di el ect ri aofl@Seied byhmpﬁdafsnﬁime Bxitf A pioBessis@ps Rollbwike IIJroE@s pRYS$d ﬁygﬂu

t hi ckness 6f-the capacitor.: di el ectric 108 may be-smaller than

angst r os ightledddea had Rably ddpﬁc'miu &ranala?ﬂn%“ﬁ@%%%m‘g% ‘ﬁeCW-Eog may |

preferably small'er than 10. angstrons The capacitor’

be forrredfgbgiggwgﬁﬂwcm }the formation of a transistor gate dielectric in a
' different. portion of the seniconductor chip (not shown), For. exanple, _
the capacitor dielectric. 108 may be formed by thermal oxidation,

cheni cal [@P4pbr. dér?@étiﬂ%tle@h—stopéfp@t Hlag/mdleboﬁlrmladmn tlertomelgcteoli? Iomm{despacers .

t echni ques known -and.used in theart for formng gate dielectrics. By
for m ng -t b4, Bagidi-stop laytir dBeoiy bea highetesy filwi fubh bhehighiseed isitic@chitide fdh a
transistor in a different portion-.of the chip, no additional process st eps
are i nt.rodemsikd i ghsctanhmcadttenial sap@s dgpoaitionl Thy high s edsFme nﬁ@)belﬁﬁed@ ed.
The capacitor diel ectric may be conprlsed of one-or .nore Iayers of

dielectri erﬂrmtaheaﬂminmthe strained $ilicon reglon 104.

[00'66] | An mter—layer dielectric (]I,D) 138 may be formed over the -capacitor and contact
holes etched through the ILD 138 to reach the top and bottom electrodes of the capacrtor
" * Conductive materials are then used to fill the ¢ontact holes to electrically contact the top and . '
- bottom electrodes. ‘For example, a layer of tungsten can be forme'd to fiil the holes and then

either e_tched back or_cher_rriealiy—mechanically poIished.

_ '--[0067}; Although the capacrtor descnbed in this mventlon has been illustrated foruse as a
L decouplmg capacitance, it is understood that the capacrtor thus formed according to this-
g nventmn may be used for other purposesA “For example the capacrtor may be used asa counlmg
“ capaertor In another embodrment, the capacrtor can be used as. the storage cell ina dynamrc
rendom eccess rnemory or m a mrxed srgnal c1rcu1t s'uch as 'an analog—to-drgxtal converter .or a- 2

‘_,-_: - -

Lo ‘dlgrtal to—analog ccmverter

e {0068] Whrle ﬂus mventron has been descnbed with: reference to ﬂlustmtrve embodrments Co
R -"thJS descnpnou is not mtended to be construed ina hrnltmg sense Varrous modlﬁcatrons and

R ..-"_’-. combmatrons of the rllustrauve embodunents as weIl ds other embodrments of the mventron,



100611 Referring to Figure 10d, the top el ectrode material -106 can then be
deposited over the capacitor dielectric layer. .The top el ectrode nateri al
106 can be conprised of conventional : poly-crystalline silicon,
poly-crystalline silicon germanium netals, netallic silicides, or netallic
. nitrideg, as previousl escribed- The_top el ectrode. material 106 nmaybe
deposi t e"&ﬁﬂi’?ap qq@@msg?%}ﬂ%f‘igﬁh? a'gg%onsrﬁ@ﬁenﬁg %ctﬁféhgs(‘fﬂ?u% OF RFEef8 tion.
The top .el ectrode 106 y.al so be forned by t deposition of silicon and
ot al C ABERGHLE By ST ORI Mt ORI S BmeRisect 1 od
material. [00621 Theé top electrode material 106 is then patterned using
phot ol i t hogr aphy techni ques, and etched using plasma etch processes to
formthe gate el ectiodes. The deposition of the ,top ‘electrode material -
may be the sane process step as the deposition of gate electrode materi al

of a transistor to be.fornmed. in a different portion of the sem conductor
chip,- and the etching of the top electrode may simlarly be'.acconplished
together with the etching of the-gate electrode of the - said transistor.
The conpleted top electrode is shown in Figure 10d. ', The capacitor
dielectric is retained at |east in the portion of the capacitor covered by
the top electrode. "[0063] At this point; doping. may be introduced in: o
regi ons adjacent. to the bottom el ectrode oe regions:. are shown in the :
cross-' -section-of 'Figure .8b: and Figure 9b..._(in-planes above and. bel ow .
t he page. in-Figure 10d) - ‘ - o ' . ST :

v



[006.4] As shown in Figure 10e,.spacers 134 nmay be additionally fornmed on
the. sides of the top electrode. This may be foll owed by another inplant
to dope the regions of the active region not covered by the spacers_ Once
again, these process steps follow the process used to formthe lightly
doped and heaV|Iy %ﬁﬁ%& ource and drain regions of the transistors (not
shown) bel f§6ﬁf Bn- the chip. [0065] A contact etch-stop |ayer 136
may be formed on the top el ectrode 106 and spacers 134. The etch-stop

| ayer 1364may Q%a%aat@bgﬁgﬁsﬁ@s fi'lmsuch as a high-stress silicon nitride
film deposited by plasma-enhanced chem cal vapor deposition. The

hi gh-stress f|g@hgﬁyaQﬁn&ﬁ@gmkq%gphance the strain in the strained silicon
regi on 104 [0066] An inter-layer dielectric (I1LD) 138 may be fornmed over

the - capact  or 3ol 90k 8k AR5 BLENFS: HOLOUAN LRCLARARL 0 Teach the

top and bottom el ectrodes o ctive matérrals are then
o ectrodes. -Fob CoRibe 8] &Rl 8 ARRERERIag DL 20 1S 1P AN et tom
hol es and t hen m.cal l.y- mechani cal | y polished. '

10067] Nthougﬁt%eée?gﬂ%le@aﬁngg%CéP%%tga&Fﬁcwwd. “vention has been

illustrated for use as a deco capacl an t |s nder st pod  t hat  t he
capaci tor t. husatflﬁ?ﬁtrﬁﬁe l?ﬁt,teﬁ‘r CH@ faﬁﬁ nglopkq}'gﬁglubfh cRee “I‘"’E?l"aéf?rher
pur poses. For exanpl e .capaci t or be used as a coupllng capacitor.

I n anot he® Jé?ﬁ?éﬂlerPé’ﬁ?m elﬁﬁféodSaﬁbaei legst oefalwttse dlestrgdeconiasiregiop baigs dersiioa n - a

dynaHIC'. random access nmenory or in a mxed signal -:circuit such
ﬁrst conductivity type wherem the bottom electrode-is Operatlonally the first conduchwty type.

2. The capacitor of claim | wherein the capacitorisa decoupling capacttor.

. 3. The eapac1tor of claim 2 wherem the top electrode is connected to a power supply hne

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

" 4. . ‘The capacitor of claim 2 wherein the top electrode is connected to a first power sﬁpply

" line and the bottom electrode is eonnected to a second power supply line.

. 5 _ The capacitor of claim 1 wherein the bottom electrode is substantially flat.
6. _' The capacltor of cla.u:n 1 further compnsmg an 1solat10n regmn adJ aeent to bottom
. eIectrode i
K 7 _ The capacitor 6f.claim-'6-iyherei1’1‘ ﬂ;e_:isol'a‘t'i'en ieg_ion- is‘-shalle{#‘ tfencﬁ-i_selé.tienn B



digital to-analog converter: [0068]. - Wile this invention has-been

described with reference to illustrative enmbodinents,. = .'this
descri.ption is not intended to be construed in a limting sense, =Various
nmodi fi-cati ons and conbi nations of the jllustrative gp di nents, =as well as
ot her erbodiTie parscist of plain hykgsein g top glgetrage|is S‘{?émarb"g t to persons

skilled in the art upon reference to the description. is therefore
i ntended that the appended cl ai ns enconpass any such nDdlfications or

enbodi ngnt s M@%abi&r%@ﬁmﬁeﬁm%e AraliRP 8&hicondue i pyeSiongprisesa Siainatined
sem conductor layer; a bottomelectrode formed. in a portion of the-

stralnegn%gna%pnductor | ayer; a.capacitor dielectric overlying the bottom
el ect r ot : top el ectrode overlying. the capacitor dielectric; and at
| east one bottom electrode contact region forned:in the strai ned
sem conductor | ayer adjacent t he bottom el ectrode, the | east one bottom
el ectrote cdivesemacitasg slainh? snsifugbss serpiEsiag 2 siiced 2ErpgRy ?YE\W? yingdhivher ei n
the bottomelectrode is operationally the first conductivity type. 2. The
capaci tarined sibai layet. wherein. the capacitor is a decoupling capacitor.

i1.  The capacifor of claim 10 wherein the silicon germanium layer has a germanium

concentration in-the range of about 10 to about 90%.

12, The capaéitor of claim 11 wherein the silicon germanium layer has a germanium

concentration in the range of about 20 to about 40%.

13. " The capacitor of claim 1 wherein the semiconductor layer comprises of silicon and . :
gernianjﬁm.
14. | The capacitor of claim 1 and further compﬂsing an insulator layer underlying the strained
‘semiconductor layer.
15. " The capacitor of daim 14 wherein tﬁe_inéulator layer-comprises silicon oxide.
16. : “The capacitor of claim 14 'wh'e:.ei_n the iﬁsuiator layér has.a thicknc;'_é of less‘théh' about
‘ 1200.aﬁgst'r'0ms.'
A7 The t_iapac;iton 6{01&1'1111'.1.4‘ wherein the bottom eli:ctrodf_:"'i_s'iéé_liated from adjacent -

' elements by'mesa-i_splgﬁbn. o



The capacitor of claim2 wherein the top electrode is connected to a power
supply Iine and the bottomelectrode is connected to "a ground line. . The
capacitor of claim2 wherein the top electrode is connected to a first
power supply line and the bottom el ectrode is connected to a second power -
supply l1Bne. Thbeamainaof tlaim Df whérginthe semibtmiiadtor lajee hiad hizkhess RBhd QA& JfS
substantially flat. The capacitor of claiml| further conprising an

i sol at i aBout@Qiaagstaeisas shvat $00 ppétidaB. el ectrode. The capacitor of claim 6 -
wherein the "isolation region. is shallow trench isolation. 8. The _
capacitor of claim1l wherein the top electrode is substantially flat. 9.

The capagitor., of claiml. wherein. the strained sem conductor |ayer -conprises
A G s s At R SRS A AT S U
conprising a silicon germanjium’ ayer underlying the strained silicon |ayer.
11, The ZEUBACRTISINESH PRV ST fegiicPranf pHECeSRHive Al SamPYINR ayer has a

ger mani um concentration in the range of about 10 to about 90% 12. The
capaci tor of claim1l wherein the silicon germaniumlayer has a germani um
concent pat i OfThe tapatife of Albige] wherdfahé t0pQlecRo@ktpriddWomdterial IdMteddR@CIHE OF Of
claim1l wherein the sem conductor |ayer conprises of silicon and . '

ger mani Qfﬂup consisting of molybdenum, fungsten, titanium, tantalum, platinum, and hafnium.

" 21.  The ca'pacitprlof claim 1: wherein the top électrode comprises a material selected from t‘nc‘-' :
- group consisting of molybdenum nitride, tungsten nitride, titanium nitride, tantalum nitride, and

combinations thereof.

22.  The capacitor of claim 1 wherein the top electrode comprises a material selected from the
group consisting of nickel silicide, cobalt silicide, tungsten silicide, titanium silicide, tantalum

silicide, platinum silicide, erbium silicide, and combinations thereof.

23.  The 6apacitor &f claim 1 wherein the top electrode comprises a material selecfed from the

~ group consisting of ruthenium oxide, indium tin oxide, and combinations thereof.

' ;24'. The éé.p’aéifor of claim 1 wherein'the capacitor dielectric cbmpﬁseé a high perrhitﬁi?ity . CE

 dieleciric.

*35. . The capacitor of claim 24 wherein the high permittivity dielecttic is selected from the -
" group consisting of aluminum oxide, hafhium oxide; hafnium oxynitride, hafnium silicate,”

zirconium oxide, Zirconium oxynitride, zirconium silicate, and combinations thereof. -



14. The capacitor of claim1 and further conprising an insulator |ayer
underlying the strained sem conductor |ayer 15. The capacitor of claim 14-
wherein the insulator |ayer conprises silicon oxide. .16. The capacitor of
claim14 wherein the insulator layer has.a thickness of |ess than about
1200. angstroms. .47.-_ The_capacitor.. of cl.ai 4 wherein_the bottom

el ectrod isT¥%%W%F@HﬁFPHﬁ?§8@§€ c@%ﬁﬁ@ﬁPEngéﬁgg F}FE%F%QP%n. _ -22 18.
The capacitor of claim 14 wherein the sem conductor |ayer has a thickness
in the pamyaivisoidpgertharbatdst rons to about 500 angstrons. 19. The
capacitor of claiml. wherein the top electrode conprises a materi al

sel ected fromthe group consisting of poly-crystalline silicon and

pol y- cr st al rhd@psdithi STRMxA 4 MikBicithe Bigh pdiativapdizidenic inf a edlaive | wherein
the top el ectrode conprises a material selected fromthe group consisting
of nol Y%QI%HJ% LHB9St @k abbhit@ni um  tantalum platinum and hafnium 21. Th
capaci tor of é¥ain11 Wwherein the top electrode conprises a materi al
selected fromthe,. group consisting of nolybdenumnitride, tungsten
nitiide, titaniumnitride, tantalumnitride, and conbinatiqons thereof. 22.
The capa8i t of haypaciiprelplaim rdeimibe Gapactiyy dglentss haga poy F@@@eas at eri al
sel ected fromthe group consisting of nickel silicide, cobalt silicide,
t ungst esmsiléritipndbout { P aepstcems.-si | i ci de, tantalum silicide, platinumsilicide,
erbiumsilicide, and conbinations thereof. 23. The capacitor of claim1
wherein the top electrode conprises a material selected fromthe

29, The ‘i:apaéitor of claim 1 wherein the capacitor dielectric hasa physical‘ thickness of

smaller than about 50 angstroms.

30.  The capaciior of claim 1 wherein the capacitor diglectric has a physica.l thickness of

smaller than about 100 angstroms.

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

. Imicrons.

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

: I‘nicrons._ S
330 _The capacitor of claim 1 wherein the c.apac_ito;_has a length of larggf than about 1 mi;fbn.‘
34, . | “The cépacitor of claim 1. whéréiri:ﬂle capacitor has a léngth of iar_ger' than abgpt 5

_ microns. -

24



group consi sting of rutheniumoxide, indiumtin oxide, and conbi nations
thereof 24. The capacitor of claim-wherein the capacitor dielectric
conprises a high permttivity .25. The capacitor, of claim 24 wherein the
high permttivity dielectric is- selected fromthe group consisting of

al um nuB$.oxi dbs cdpatimirefiviexi deherhiaftin homoaxaledttode Behydiallpidupadss & figat e,
-zirconium oxide;. zirconiumoxyntride, zirconiumsilicate, and

conbi natéminstitityelypodnd tB6botibhesl@apdcidnaict @Eionliaphysiddindpgs®ion stdagd hi gh
permttivity dielectric has a relative permttivity of |arger.than about
10. 27. cadectdpgagpd.or of claim 24 wherein the high permittivity dielectric
has a relative . permttivity of |arger than about 20 29- The capacitor of
claiml wherein the capacitor dielectric has a physical thickness of '

smal | er_{ han_.about .10 styons. .2 The capacjtor of claim]l wherein the
capact (3 d BRoePr REORE TR e RROLE it YEr R Priape ¥y 5008 50
angstrons., 30.. The capacitor of claim1l wherein the capacitor dielectric
has a pFPFERITHPCTRREERE of smal | er than about 100 angstrons. 31. The
capacitor of claim1l wherein the capacitor has a width of l|arger than about
5 mcrons. 32. The capacitor of claiml wherein the capacitor has a w dth
of | arggT. thae @patlior dclaim 35 whereir the first conductivity type is p-type and the second .

‘conductivity type is n-type.

38.  The capacitor of claim | wherein the bottorln-elkectrodg is physically doped to a first
conductivity type gnd_ the bottom electrode contact region is physica_lly doped to the first

conductivity type.

39. . The éapacitor of claim 1 and further comprising spacers formed on the sides of the top

electrode.
40. - The capacitor-of claim 39 wherein the spacers comprise silicon nitride.

S 4L Thecap_aéitor of cla;fm 39 and further cdmprising an efch-stop iayer OVeriyiug the top

- élccﬁfgde-and 'ihe'_%spac:ers; -
42 Tﬁé_.capa'c_-fit'c-i_r;dfdlaizﬁ-c}'l wherein the ‘etch-stop layer comprises silicon nitride,

43 - The éaj;iacitq; qf c’lz_iﬁn 4land further pomp:isiiglg'an i_nteHayer-'_t_iielectrié,overl.ying“ﬂ.l_e_- o

etcli-stop layer. -

- .. - ?2._5-.



m crons. 33. The capacitor of claim1l.wherein the capacitor has a | ength. of
| arger than about 1° micron. 34.. The capacitor of -claim1. wherein the
capacitor has a length of larger than about 5 35. The capacitor of claiml
wherei.n the bottomel ectrode is physically doped to a first conductivity
type ang theraeh .00k Bkl S0ehsan tRGhtf-RYblicleariphysprisat filicalopatt. t 0 a
second conductivity type 36. The capacitor of claim 35 wherein the first
conductivity type .is n-type and the second conductivity type is p-type.
37. -The capacitor  of claim35 wherein the f.irst. UCE L Wi S

o type Shd [ csREOt oL TR P YD e G pS e SORely HeluloiB LS
claiml| wherein the bottomelectrode is physically doped to a first
conducttﬂﬁh@P@?@@V@mﬂmmﬁéhﬁﬁﬁPﬁﬁ%%Iectrode contact region is physically
doped to the first conductivity type. 39. . ' The capacitor. of claim1 and
further conprising spacers formed on the sides of the top el ectrode. 40. -
The capggi t ofpQhipdeliéd JIcRfa WRE&ER thdiates daeedislectinpomprses b dictwiriawvith pde.

41' . The capacitor .of cllaim 39 and -further conprising an etch-stop |ayer

0V9r|yiQgﬂﬁ?ﬁm£gﬁvﬁf§§ﬁﬁgﬂgﬁﬁ@@ﬂggthe spacers: 42. The capacitor -of claim
n -S I | _

41 wher & e etc op layer .conprises silicon nitride. -

47.  The capacitor of claim 43 wherein the inter-Jayer dic‘l‘ectric'is selected from the group |
- consisting 6f benzocyclobutene (BCB), SILK, FLARE, mcthyl silsegquioxane-(MSQ), hydrogen

silsesquioxane (HSQ), and SiOF.

48.  The capacitor of claim 43 further comprising a first contact plug in electrical contact with

 the bottom electrode and a second contact plug in electrical contact with the top electrode.

‘ -_;25._ .



43. The capacitor of claim4l and further conprising an inter-|ayer '
dielectric. overlying the -:etch-stop layer-... -25 44. - The capacitor of
claim43 wherein the inter-layer dielectric conprises silicon oxide. 45.
The capacitor of claim43 wherein the inter-layer dielectric conprises a

di el ect 4% wi4 Recgupling|capacifer qeewprising:i vity snal | er than about 3.5. 46.. The
capaci tor of claim43 wherein the inter-layer dielectric conprises a :

di el ect ri ¢ wiatshmigondusiag sibgtsatp enciridingiastiained silibbrelaydchan about' 3.0. 47. The
capacitor of claim43 wherein the inter-layer dielectric is selected from
the group caersebstantinly Hatibetian electrab dorared if BpBion Sf thKstrftedREicoRidy |

si | sesqui oxane-(M5Q, hydrogen silsesqui oxane (HSQ, and Si OF. 48. The
capaci t or of achpdcitvdBeléanid herlymgriprbiotbR@icubile;st contact plug in

el ectrical. contact with the bottom el ectrode and a second contact plug in
el ectrical cantbentiniy flattdpreléctpicbRalhpdsd céﬁacit&di'ﬁgd&'iﬁ?l i ng capaci t'or
conprising: a sem conductor substrate Including a strained silicon |ayer, a

subst ant ] al.| yyhbeat hb Ripl G birded BT ibfrhoP Rl Ohhd WA A1 ned

silicon |ayer;- a capacitor dielectric overlying t ottom el ectrode; a-

subst anteighlrhoe f ka9 §l36dRIS NS Wb el 0 capaci tor diel ectr ¢
0 a

wherein the top el ectrode is-connecte first reference voltage |line
and the bottom . - : : :

50.  The capacitor of claim 49 wherein the top electrode is cormected to a power supply line

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

51.  The capacitor of claim 49 wherein the toi: electrode is connected to a first po.wer supplyr .

line and the bottom electrode is connected to a second power supply line.

52.  The capacitor of claim 49 wherein the semiconductor substrate further comprises a -

: silicqn gertnanjumﬁlaycr uﬁderlying the strained silicon layer. -

:53. . Thecapacitor of claim 49 wherein the sei:niconductor.substrafte further comprises an -

- insulator layer imderlying the strained silicon layer.

54; The capacitor of claim 49._~wh¢r¢in'ﬁ-1.e.t'o_;.> eleétro_de; comprises a material éc[eéiéd from L

the group consisting Qf poly-brystal]jhc;e:-sil-icdn‘aﬁd pbly—ér}}"stalime_Silicdﬁ-gen{émnﬁ. '

: 5 5. - The ,ﬁ:apagiﬁqf 6f.cl_'ai_rh 49 wherein ﬁlc_ top éléétrcfde §Qmpﬂsés_a;mateﬁél_ seleéted from -

“the group cq_::ﬁisﬁng o_f Vni_qubdeni.lm-, tungsten, fitanium, féntalAu‘Ir‘.x,‘platix_i.mh;. and hafmum . . )



el ectrode is connected to a second reference voltage |ine. 50. The
capacitor of claim 49 wherein the top electrode is connected to a power
supply line and the bottomelectrode is connected to aground line. 51. The
capacitor of claim49 wherein the top electrode is connected to a first

pover pp' %h%%pgﬁh?‘mlmﬁg RALLAe kﬁf&é&%ﬁe bSmABDE GlRtal deRcRdFREON power

supply |ne e capacitor of claim49 wherein the sem conductor

substr e%r];)‘lilé toglﬁgtrng 0 1y%§e§1 %.Irht?fdtz | GO SRR Wi AYGFidd Ry e dt he

strain pacitor of claim-49 wherein the
sem cond ctog sub%tr%;e further conprises an ,insulator |ayer underlying
the st@&f A¥EPEMOPEBH P ayer . 54: The capacitor of claim49 .-wherein the top

el ectrode conprises a material selected from.the group consisting of
poly-crystalline silicon and poly-crystalline silicon-gernanium .55. The
capaci t3yr  ofrhe kaphaciod 8f ddimrddivhetdirethe dqgp eb@mide campEwssp miatasial slateddraral

sel ected fromthe group consisting of nolybdenum tungsten, titanium

tant al ym gRLAEdnSYRg. of altke] BiEidk Wabalt silici6, tuidsencHipal] fitariunfsilivid, m 49 wher ei n
the top eFectrode conprises a Taterial selected from fthe group consisting

of ol %@lﬁlﬁhmlmdferﬁxﬂﬁmtsum&t&ﬁum $iRdide or bArhbintioms icteof. de, t ant al um
n|tr|de and mbi.nat i ons t her eof _ _

58.  The capacitor of claim 49 wherein the top electrode co.mprises- a material selected from

‘the group consisting of nuthenium ox'i‘de,r_ inditum tin oxide, and corﬁbinations thcredf.
59. The capacitof of claim 49 wherein the capacitor dielectric comprises a high permittivity

" dielectric.

" 60.  The capacitor of claim 59 wherein the high permittivity dielectric is selected from the
- group consisting of aluminum oxide, hafnium oxide, hafnium oxynitride, hafnium silicate,

zirconium oxide, zirconium.oﬁyhitride, zirconium silicate, and combinations thereof.
61.  The capacitor of claim 59 wherein the high permittivity dielectric has a relative
Iic'rm__jtti\}itj'/ of larger'Thah about 10.
62 : The capécifc}r of ¢laim 59f y;;hereil-i the high pcmiittivity diel_ectric‘ has a relative
| permittivity of larger tha_n‘b_about 20.
63.':' T h:l'{':épa'r;itor. of cldim 59 wherein the’ ééijjébitor dielecﬁ_ic has a physical thickm:_ss.'of
- smaller than about 10 angstroms. = - |

-28-.



57. The capacitor of claim49 wherein the top el ectrode conprises a
material selected from the group consisting of nickel silicide, cobalt
silicide, tungsten silicide, titaniumsilicide, tantalumsilicide,
platinumsilicide, erbiumsilicide, or conbinations thereof. 58. The
capaci t-6#. of Tk siparit® oftieines Twhdiein theraphdor ditbetrc GAPL pifeRal dit@kardral

sel ected from the group consisting of rutheniumoxide, indiumtin oxide,
and comnbmab¢r thasabbteitangstpths. The "capacitor of claim49 wherein the
capacitor dielectric conprises a high permttivity dielectric. 60. The
capacitor of claim59 wherein the high pernltt|V|ty dielectric is selected

fromth gr num ox haf ni um oxi haf ni_um

oxyni t rlgde (ﬂ‘l (ﬁaipgﬁtoé f’f'ﬂa‘%[gw}ﬁ?% °aﬁt°6t>‘2f ‘E‘Qle"fi‘rc ﬂﬁstﬁﬁ’hdﬁ‘t’ Hicknessiofie,
zirconiuy i d conbi nations thereof. 61. The capacitor of claim59
wher ei n® ?ﬁ@ ﬁﬁ B@rﬁﬁ???ﬁ??@ dielectric has a relative permttivity of

| ar ger than about 10. -62. The. capacitor of claimb59 wherein the high
permttivity dielectric has a relative .permttivity of l|arger than about
20. 63. 66.The Thagmaiitooof ddimeloaiterdihehepeitor e, wig@RAGkdepthaflkiRhest ri c has a

physi cal * t hi ckness of smaller than about.10 angstronms. -28-. -64. The
capaci t microfis.cl ai m 59 wherein the capacitor dielectric has a-physical-
t hi ckness-of snmaller than about 50 angstrons. . 65. The capacitor. of clalm

59 wherein the capacitor dlelectrlc has a phyS|caI thlckness of

67.  The capacrtor of claim 49 wherein the capacitor has a deth of larger than about 10’

‘icrons.

68,  The capacitor of claim 49 wlrerein the e_aﬁacitor has a length of larger than ebottt 1

micron. .

69.  The capacitor of claim 49 wherein the capacitor has a length of larger than about 5

microns.

70. - . The capacttor of claim 49 wherein the bottom electrode has a ﬁrst conductmty type and
wherem the capacrtor further compnses at least one doped regton of a second conductwtty type

located WIthm the stramed s1hcon layer ad_]acent the bottorn electrode

71. ‘ The capacxtor of clzum 70 wherem the ﬁrst conductmty type is n—type arrd the second

] conductmty 1ype is p~type '



smal | er than about 100 angstrons: 66. The capacitor of claim49 wherein the
capacitor has a wwdth of |arger than about 5 mcrons. 67. The' capacitor of
claim49 wherein the capacitor has a width of larger than about 10 nicrons.
68. The capacitor of claim49 wherein the capacitor has a | ength of |arger
than abput ITHEicsaitbr of BlainiTHiewlagin dict frst ahdedtiaintyg isgheped thhéeceshaci t or

has a | ength of Iarger than about 5 mcrons. 70. The capacitor of claim49

mhereinxﬁbgﬁgg¥5@gk getrode has. a first conductivity type and wherein
the capacitor further conprises at |east one doped region of a second
conductivity. type located within the strained silicon-layer adjacent the

bot t | ectrod
cond 8 21t '{%, ?1(-_: y'ltt;)cézg??.c{tcg;ﬁ)é claxﬁaﬂcﬁ'g %gfgi O(I:noer%%f:u & fl(lz %s}(’ﬂﬁ%t?/:'ogdufcgﬁéf ﬂy&% bnd

The capacitor of.-claim 70 mhereln the first,conduct.iv type-and
the secwheieiddhrripadiior fuyher pomaprises #lgaspane doped iagiond °§§§ f“ {tbohdtBfivipnlle) YP€
wherein the bottomelectrode has a first con uct|V|ty type and mhereln t he

capaci t lorattdiwithée Stx@n@rﬂl@é@a&ﬂ adipgent ety todGi on of the fi r st
conductivity type

74,  The capacitor of claim 49 and further comprising an etch-stop -layc; overlying the top

electrode.

75.  The capacitor of claim 74 wherein the etch-stop layer comprises silicon nitride.’

76.  The capacitor of claim 74 and further comprising an inter-layer dielectric overlying the
etch-stop layer, wherein the inter-layer dielectric comprises a dielectric with a relative

permittivity smaller than about 3.5.

77.  The capacitor of claim 76 wherein the inter-layer dielectric comprises a dielectric with a

relative permittivity smaller than about 3.0.

78.  The capamtor of claim 76 wherein the mtcr—laycr chclcctnc 1S selected from the group
consxsttng of bcnzocyc]obutcne (BCB) SILK_, FLARE mcthyl sﬂsesqumxanc (MSQ) hydrogen .

- s_tlscsq_utoxanc_(HSQ), and S_tOF- :

79.  The capacttor of clmm 76 further compnsmg a first contact plug in electncal contact w1th - :

Vﬂ'lf: bottom ‘electrode’ and a second contact plug in cicctncal contact w1th the’ top clectrode

A



| ocated with the strained silicon |ayer adjacent the bottom el ectrode. 74.
The capacitor of claim49 and further conprising an etch-stop | ayer
overlying the top electrode. 75. The capacitor of claim74 wherein the
etch-stop | ayer conprises silicon nitride 76. The capacitor of claim 74 and
f ur t her ggonpTrhstapacimnof ddimradl fayler comnplisiog a smliowarechsli inglatidraegien adacsntop

| ayer, wherein the inter-layer dielectric conprises a dielectric with a

rel ati veottdd@Eletitddevi ty small er than about 3.5. 77. The capacitor of claim
76 wherein the inter-layer dielectric conprises a dielectric with a
relative pernltt|V|ty smal l er than about 3.0. 78. The capacitor of claim

e EhS o HS MEGE o B AR BT AR

(MBQ), hydrogen si | sesqui oxane (HSQ, and SiOF_ 79. The capacitor of claim
76 further conprising a first contact plug in electrical contact with the:
bottom el ectrode and a second contact plug in electrical .contact Wth the
top el ectrode. 80. The capacitor of claim.49 further conprising a
shal | ow trench isol ation region adjacent to bottom el ectrode. 81. The
capaci tor of cIa|n149 mhereln t he botton1e|ectrode IS |solated by mesa
|solat|on ' :

: ‘l'_3'1-



82. A nethod of form ng a capacitor, the nethod conprising: providing a
sem conduct or. substrate including a strained silicon layer; formng a
bottomelectrode in the strained silicon layer; formng a capacitor
dielectric on bottomelectrode; formng a top el ectrode on capacitor

di el ectrix; foOfRHAE obfobni} @ BArALEs! the dRieAtbaptsihgdi On Wi thin the strained
silicon | ayer adjacent the bottom el ectrode; and electrically connecting

the bottom el;@&tldilﬁdss@qﬂsbnaﬁt%r@amﬁmﬁ&ﬁ@ﬁlse%alﬁml@&ﬁnﬁﬁﬂ' on. 83. The
met hod of claim 82 wherein the capacitor s a decoupling capacitor, the

met hod furtff@ﬁmﬁgmdo%da&usma%ég%eh@ 1(:9952%/%{;" el ectrode to.a first

ref erence node' and connecting th top e ectr to a second reference

node. 84. Th%o%ﬁ%é)gaﬁg 1to lg‘llegﬂlg%n‘ﬁ/&% ef%c{rc())dfem ng the bottom el ectrode

conprises: formn Ve reglon, Tormng’isolation regions surrounding

the active reggion n t.ive region. to forma. bottom

el ectrode.’ ggm¥W% ﬁgg%gfngﬂgFﬁ?éﬁdﬁﬂ%?eln the active region has a
doping' concentration of |arger than about 101 cm 86, The nethod of clai.m
182 wherei n WHP%‘?‘%‘WE‘ L %Oaracbﬁesuoeefflﬁ%t %P\?ds%lsooa laefﬁwﬁlec&p $apor

de osition st or s utter de osition ste
P bottom e c%trode arP P P

~_ electrically connecting the bottom electrode and the bottom electrode contact region.

83.  The method of claim 82 wherein the capacitor is & decoupﬁhg capacitor, the method .
further comprising connecting the bottom electrode to a first referencé node and conuecting the -

top electrode 1o a second reference node.

84.  The method of claim 82 wherein forming the bottom electrode comprises:
forming an active region;
forming isolation regions surrounding the active region; and

doping the active region to form a bottom electrode.

8'57 The method of claim 84 wherein the active regip'n'has a doping concentration of Iarger

than about ,1"0.‘9' cm™.

86. The methbd of claim 82 wherein fqmﬁrig_thc capacitor dielectric comprisés:éphexﬁié:ﬂ .

vapor deposition step or sputter deposition step.

- -32-



87. The nethod of claim82 wherein the step of form ng the capacitor
dielectric conprises: formng an interfacial oxide |layer; and formng a
high permttivity dielectric Iayer 88. The nmet hod of cl aim 82 wherein
form ng bottom el ectrode contact ion rises dopi a portion of the
strained $7ti corpemgygd %@%%@@h@ém %teipo Ogetngé‘tféaw&?rrﬁg igleptricqRmpESes: on
sides of the top el.ectrode; and doping a portion of the silicon layer not
covered by the @@ﬂ&@%@#ﬂéﬁéiﬁﬁﬁlﬁﬁa@@ﬂs 89. The nmethod of claim 88
wherein the spacers conprise silicon nitride. 90. The nethod of claim 88
further conpri§bngngdégBQHNﬁWQﬂhdmﬁ$%hJ@Fmp | ayer over top el ectrode and
spacers; formng an inter-layer dielectric over etch-stop layer; formng
contact holes in inter-layer dielectric; arid.-filling the contact holes

with a congucti rﬁ@%ﬁo%rdfeﬂanm tvﬂérghqegmg%m@ézﬂ%c@&de Jﬁz&a f@@iomgm fiss! ai rr} 90

wherein the etch-stop |ayer conprlses siTicon nitride. The t hod

cl ai m 90 wherei g&gﬁéﬁgwﬁgﬁéﬁﬁé% %ﬁq&kgngggg f@f?ﬁkkh&%g oxi de. 93!

The met hod of c e nter - I'C conprises a
dielectric wt ) relatlveI1 )\ hF VIH qpll r than about 3.5. 94. The
met hod of clair 5@n%ﬁ%?%f% 5 F é?p?ajﬁr il ectric conprlses a

dielectric with, a.relative_permttjvit smal l.er t ut 0. 95. The
met hod of cl ai rﬁog@g\ﬁf?@’ft@f‘ﬁf{g‘ﬁélhf?ﬂ fé?'erlréyé vegRddydby %E’P 81‘3? S APCHPER f r om t he

group

89. "The iﬁethad of claim 88 wherein the spacers comprise silicon nitride.

90. | The method of claim 88 furthe1; coiﬁprising:

| depositing an etch-stop layer ovér top electrode and spacérs;
forming an inter—'layér dielectric over etch-st(.)p layer;
forming contact holes iﬁ inter-layer dielectric; and.

filling the contact holes with a conductive material to form contact plugs.

'91.  The method of claim 90 wherein the etch-stop layer comprises silicon-rdtlicié.
92.°  The method of claim 90 wherein ﬁxc:infereiayér 'dig_:icct_i‘ib comprises §ilicpri-oxide‘.
: 93 _ The method of clalm 90 whercm the mter—layer dlclectnc compnses a d1electnc mth a

relatlve pemuttmty smallerthan about 3.5.
94, The method of claiin ‘90 wherein the iriferélaYef d_ié:igctric compﬁseé a c_l'iél‘e_c_ti'ié‘yvith a’
fclé.tii{f; ﬁéﬁfﬁttivitj smaller fhian aBout_ 3.0, |
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consi sting of benzocycl obutene (BCB), SILK, FLARE, nethyl silsesqui oxane
(IvlSQ, hydrogen silsesquioxane (HSQ, and Si OF. 96. The nethod of claim
90 wheretn filli-ng the contact holes conprises formng a first contact
plug"that el ectrically contacts the botfom el ectrode and form ng a second
cont act 5t ug Thermathad) o glgim %Oa‘f’}reyel%ﬁ‘ﬁtma%ﬁ'@y?rﬁjéd?‘ﬁiﬂc’élsgﬁ?t? @n By EO%e et hod
of claim96 wherein the top electrode is connected to a paower supply. line
and t he doosistiing af bewtopysipbuiere (BERMILEgI L ORE. @P%mlsﬁqh‘@?‘“’gwsﬁ%g‘yﬁﬁgﬁﬁd of

claim96 wherein the top electrode is connected to a first power supply

| i ne andcsibésgquiveartedHSQ),end $iOlle i s. connected to a second power supply line.
99. The nethod of claim 82 wherein the sem conductor substrate further
conprises a silicon germaniumlayer underlying the strained silicon |ayer.

| 00: Theggret had of o1 @98 WSS il S o PRl RRIRRLUBiAY £hrshas a

germani um concentration i n the range of about 10 to about 90% 101. The

met hod of ¢l aim. .99 wherein Siql i Hmlg AR BN um
conceri tcroﬁfaic._ ugwa?ﬂeem%cgﬁ Ceont%lf 5eobl?lttt 8%%16[%(;&%%%t . %%‘%efgg?c' ' Thg fret hod of
claim 82 .wherei ﬂ the ' sem cqncgrugt or substrate further conprises an.

i nsul at o2t qlegpually SIS AP BREC8r ai ned silicon layer. -34

' 97.  The method of claim 96 wherein the top electrode is connected to a power _éupply.li;ifi '

and the bottom electrode is connected to a ground line.

98. - The method of claim-96 wherein the top electrode is connected to a first power supply

line and the bottom electrode is connected to a second power supply lme. -

99. * The method of claim 82 wherein the semiconductor substrate further comprises a silicon

. germaniuin layer underlying the strained silicon layer.

-1'00.- The method of claim 99 wherein the silicon germanium layer has a germanium,

cbﬁcentration in the range of about 10 to about 90%.

- 4101, The method of claim 9% _wﬁgréin the silicén germanium Iay:r-hés a germanium _A

.coﬁceﬁtr:atioﬁ in ihe'fangé of about 2010 abduf_#d%.' -

102 The nié'th_o'd of ciairr{ 8 ‘wherein ihéls_cﬁiiéOndL‘lctorAsubstra_te further _conﬁ_prisésaﬁ e

insulator lzvly.éflunde'rlyihg the strained sili.con'layé‘r.- -

34



103. The nethod of claim 102 wherein the insulator |ayer conprises silicon
oxi de. 104. The nethod of claim 102 wherein the insulator |ayer has a

t hi ckness of |ess than about 120.0 angstrons. 105. The nethod of claim 82
wherein th a|n d, sil.i.co er_has_a,thickness in_t. e of about
20 angstrlgﬁs gl?fi E @35@%6% S IR S EPREED ?‘Hc éllx{r%gBZ wher ei n
the top electrode conprises poly-crystalline silicon or poly-crystalline
silicon-germanium 107. The nmethod of claim82 wherein the top electrode is
sel ect ed 104.0nThh enetiod wpclgionEi2sttiergn the dfisutadrjiincts hesn thickwegs ofdess thantaboitum
tantal um  plati num and hafnium 108. The nethod of claim 82 wherein the
top el ectipoglgndsgomel ected fromthe group consisting of nolybdenumnitride,
tungsten nitride, titaniumnitride, tantalum nitride, and conbi nations
thereof. 109. The nmethod of claim82 wherein the top electrode is selected

fromthe oup.. consi st i ni_ck I en
G Tt oo 185 Be Pttt S vkl Pl e ciGn RORIET a oo Hms b8}
silicide,_ and conblnatl ereof 110. The. nethod of claim 82 mhereln-
the top éP@E?p@B$mP§B§%§%¥% PEHNhe group consisting of ruthenium
oxide, indiumtin oxide, ' and conbinations thereof 111. The nethod of
claim82 wherei.n the capacitor dielectric conprlses a high permittivity
diel ectriigs. The method of claim 82 wherein the top electrode comprises poly—crystallme silicon or

: poly-cryg‘t_allmc s1hcon—gennammn.

107. The method of claim 82 wherein the top electrode is selected from the group consisting

of mblybdenum, tungsten, titanium, tantalum, platinum, and hafoium.

108. The method of claim 82 wherein the top e_lectrbde is selected from the group consisting
bf molybdenum nitride, tungsten nitride, titanium nitride, tantalum.nitride, and combinations

thereof,

109. The méthdd of claim 82 wherein the top electrode is selected from the group consisting

of nickel silicide; cobalt silicide, mngsteﬁ silit:idé, titanium silicide, tantalum 'sili‘cide; platiium
silicide, erbium silicide, and combinations thereof. .~

110. The. method of claim 82 whereiri the top electrode is selected from the gfoup_consisﬁng

- of rufheni_um oxide, indium tin oxide, ah&'co;nbinatiohs fhereo_f.

35



112. The nethod of claim 111 wherein the high permttivity dielectric is
selected fromthe group consisting of alum num oxi de, hafni um oxi de,
haf ni um oxynitride, hafniumsilicate, zirconium oxide, zirconium

oxyni tride,_ zirconj si |icate, .and copbi.nati o .- Fhe met hod
of clathhi Thg m%ﬁ@r‘gﬁ?‘r’f hjewﬁ?rﬁlﬁ.tﬁlep? it fi‘r\}%"?&gﬁ% etpg%s%?%"hﬂ%gﬁ gtlgigfati ve
permttivity of larger than about 10. .114. The nmethod of claim 111 wherein
t he hi @ﬁleﬁ@crﬁttivity dielectric has a relative permttivity of larger than
about 20. 115. The nethod of ‘claim 82 wherein the capacitor dielectric has
a physical thickness of smaller than about 10 angstrons. 116. The net hod -of
cl ai m 8 wherehahsde chanari whereiditiel ldgh pérmitiagy diephiyisiicalectehiiorn@ss of

:smal | er than about 50 angstrons. 117. The method of claim82 wherein the
capaci ERhp dbb &5 bf Suriasm exiBhysitah okile lefess oxpirkipafidun shigateabout . 100
angstrons.. 118. The nethod of claim 82 wherein the capacitor. has a width

of |argg AD I Lo R G h R, zidcbRium sibRe, B4 bagbindioat kB2 wherein the
capaci ggéonﬁ]@g&g v’\nggtoh of xﬁarger t han about 10 microns. -36 120. The net hod
of claim 82 wherein the capacitor has a length of Ilar ger than-about 1

m cron. 121. The method of claim 82 wherein th%. fag—la%' tor,has a | ength of
| ar ger 11 han Thbhmethodofislaip d hk wherein the high permittivity dielectnc asarelatwe . 7 :

permittivity of larger than about 10.

Wi

114. The method of claim 111 wherein t‘he high permittivity dielectric has a relative

permittivity of larger than about 20.

115. The method of claim 82 wherein the capacitor dielectric has a physical thickness of

smaller than about 10 angstroms.

116. | The method of claim 82 wherein the capacitor dielectric has a physical thickness of

smaller than about 50 angstrofné.

117.  The method of claim 82 wherein the bapaicito; dielectric has a physical thickness of

_- Smé}llér than about 100 angstroms.. -
' Ilé_ - The method of claim 82 wh_ereiii ﬁe'capacitdf_ has a width of larger than about 5 microns. .

1 19, The method of cléim 82_-'v}i‘1.t_3rei.n the ‘ga;.:_acitoi"ha;s‘_ a width of larger than about 1'0'_
. microns.
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120. Thé.method of claim 82 wherein the capacitor his a length of larger than about 1 micron.

121. Tliga method of claim 82 wherein the capacitor has a length of larger than about 5 microns

R -2



