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The present invention is directed to a high density
conposite MM capacitor with reduced voltage
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“l ower" M M capacitor and netal plate 122 and neta
plate 130 formthe two el ectrodes of an "upper” MM
capacitor. It is noted that, for the purpose of the
present application, the "lower" MM capacitor is
defined as the M M capacitor closer to interlayer
dielectric 108 (i.e. closer to the substrate surface
which is not shown) while the "upper” MM capacitor
is defined as the M M capacitor further from
interlayer dielectric 108 (i.e. further fromthe
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and approximately 0.9 micron. In the present
enbodi nent, interconnect netal |ayer 107 can be a
second interconnect netal layer in a sem conductor
die. In other enbodi nents, interconnect netal |ayer
107 may be a first, third, fourth,




or higher interconnect netal layer in a sem conductor
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formathh lttSmteHh)&r Hielaettic M(M A‘.]a@aﬁ)lwtnom Figsre 1coiag] ®chnil niaap afelsghated in
mterlayga BlglcethlB i) P&ﬁ[@ Ip%rtlml\e(l?r ?igsa E]I 6%?eres 11%:1%4235 8\\2&? a?lﬂ %%EP ggﬁtgc?w%,'\r/lnetal plate
130 an& bﬁqil? isGahdtad enaerk atdech@crEitigimepl albmmed208. Tan 15@4nde 19 are

as a first termnal of the 0si t M capaci tor.
substanggally figylpnin coraRog|tion aphioHPalPs & Vlgﬁ%l“ﬁn? %l ectrically

CRRMBCHBHNn tOFiBRE & methllsadrst 18¥4s sifted 30intct@An&EMYRI 1agerd21 over
second term nal of the conposite M M capaci tor

vias 11Aepeyiaat - VeIl presgqtiembpdipsptainteptogrest 19! oyes 4T cagpoe gt

mtercoﬁx%%@t‘él ] @m é"!&hﬁl&n&&to@ LRC A b hboGifRME GhBdodRct B layer 121
pl ates 124 130, can serve as the second term na

may bem*thtr@»élf@owb,sqrmhm 1Met9alpf2fé‘i pegil layphine sepiropdictor Aig- Megal segment
126 caff g&mﬁé ngmMu% gcli?bgé’lc bxt cQﬁer ﬁl%@]e%e@ﬁra@d Jn%i b&@ﬂ@éd‘ﬁt&eﬁ’d@n&% and

e upper an M capacitors, and by bu
patternkngtaﬁasteh ef mtppenneahdewlom mapevkeeTBBithegrs l\fb@aﬂﬁemﬁné méaﬁ

electrléaﬁ% c&d?lgctg'&ltro fn%?a‘? 8191&3 1t3B 8¢ ﬁjh@ ui)#ep gleafo%% gﬂ&]e liﬂ)\é? MIMocﬂpamtor by vias

eves a conp acitor having a
116 and is electrically connected to metal segment 128, i.e. one terminal of the composite MIM

capacitor, by via 119. Thus, metal plate 130, i.e. the upper electrode of the upper MIM capacitor, is

electrically connected to metal plate 124, the lower electrode of the lower MIM capacitor, through

6



capaci tance val ue that is advantageously increased by
utilizing the space anply avail abl e bet ween

WO naogessenect nmetal | ayers. Therefore, as descptbes2004/001878
above, the present invention advantageously achi eves a
conposite M M capacitor having significantly inproved

vias llg SRShitsYortArPR! &6 1190 n2thl MoMei@R8Cint Ha 1481 BbtRR k¥ibodiments, one or
l'ateral space of the die.” The present invention

more MIN} ¢apeditomdoabr fRTBSILSP YL aeroaneesmeialdiep bkl and aggrpriately coupled to
MIM c%eﬁ&g Fo%eJ‘&denﬁte?coﬁﬁ&%%&ﬁQ&? 1¥al ue with reduced

tage dependence, whi I s di scussed in detai
b disvussEil ghave the lgwmecao@azqfélmwer MIM g#pagitor, i.c. metal plate 124, is

electnc%ﬁ QeQidtb 03 u %}? T eﬁgtr%%ggle%%yeﬁ:ﬁﬂﬂp&ﬁbét% r V| Mﬁetmlate 130, and the

In s ucture ure
upper el’:'acgrud@ti’he ldwag\rlma:p@@tqr,rice;l metelsplzm MG spdesirically copB@:tedriel the

C|tor confiqgure I ) o
lower eiéctrg% c{% u,Lpg%r e@acelgor u gtal eqlaet«g ?%Zg ?ehgg éféel\ﬂ)%]r &\/I{I\/é ca rac1tor is
coupleehqmtaﬂleldatmeﬂfuppnhMcEM capaeltema ﬁ@@mmmimm cqph@toe wh&® metal

plate 1%#] er_qngds‘,eéecgrlcak){em]ﬁ%g eac{: tI e?a‘f %@ql ”C D3 é\éese}sra lrst ermmap(g)f the

compoﬁfe&ﬂlM edpaci@s 0Siatidrly, owuedl sé%irreﬁtt 128 dehi2PR ,elecw\hall}d”toameted to metal

ptes PSR St 9 5 2l B S 05 B BB St emacety,

either 1B4RIGNAODR iRAO 0i0hetMsbiihetp a2Y, tvlich 238eckically @fihédt@iab nétal plates 124
coupled to | owner eIeCtrode 222 of MM Qa?aC|tor 238

and 13%t‘3a‘h s 2 3 seepngl Grming! 9fjthesgompasisiMiM cEciTconposi t e

Mris 38k Othe c<§h}5ﬂsit@MIM,ca deQ¥YEFoneh ﬁ&&l[e@ﬁ’&nlﬁﬁ)a‘hoﬂf)f Mk Whper and
capacitor 236 is electric ? l'y coupled to up

lower MM eapagigRss ZB@bWUIlmano@db%‘&pPWd deyeer MIM,]@B%CthSS?eEpGndlcular to

the surfa@é QP tﬁe &€ QQ@;QeJeﬁtr ieRabn fhicl e CRPRARIMIBI Mp%l@aﬁﬁ@ﬂgtapr
, exanpl e, voltage "Va" is applied to uppe

capacltenc@mahu@ dhet D 2dvapieqony érpraridiby rtibges the spepagerly %ﬁﬂa?lg between

1nwnmg§%9ma§ﬂ lied to | ower electrode 222 of M M capacitor
arly, if voltage "Vb" is applied to | ower 7
vneza@w @@QESQedF@@WYWWMMWH adyaatageodly apipaveph cynpgsite

a
MIM c e}?Jéx r ha g %grgﬁca}gﬁ%jrﬁgg v apartl:sllt rﬁéag&i t@%@ Malﬁ/frjce EQCHUP[&%# only
lateral B}hiee afaba/dae eXiznpesent 1n\}mtlmoﬂuttag@dmraggglslb¢|a{;h1@ap acommpsite MIM
capa01t avm a c(ap ce Y bglu & retdhe Y ltt d&pefited (c)es h 1s discussed in detail
8a i e(% \‘fefl FRUS,

e’vol tages
bdowacross MM capaC|tors 236 and 238 are equal |n value

S|te olarit As di Scus ed ab
e PR Bt B SRE i o e B P e RGN oy
capam@ﬁﬂ@@rh&t@r@ 1@(35f Figute i @M Ei@wa, in CR0rel?e dﬁgﬁﬁm rethdeyMINM eapacitor

236 and g ffagacefafféfé. comiiegapealds Vb %YH%E&%?&C R e 220

and loW& 128681208 OticH efﬂ@ar{-ﬁ 364 tb Aetaple@t1RO A@RBMELS plASTDY, respéetively, of
is the volta across the capacitor

structug KPtof Bigas, 1- AT F@aﬁt%r PHeafluds apper ékeétfﬂde 28 and Igueg electrode 222,
which gﬂé%ﬁél@éo‘u? toGRE{1 pla®d Btand BRAI pIGk Y22, rés%e&lt?@y CARRGItr&MOEof Figure

) val ue of the capaC|tor mhen voltage "

Upper elecirode 220 of MIM capacitor 236 is electrically coupled to lower electrode 222 of
MIM capacitor 238 at node 234 to form a first terminal of a composite MIM capacitor. Similarly,
lower electrode 224 of MIM capacitor 236 is electrically coupled to upper electrode 230 of MIM
capacitor 238 at node 232 to form a second terminal of the composite MIM capacitor. If, for
example, voltage “V,” is applied to upper electrode 220 of MIM capacitor 236, voltage “V,” is also
applied to lower electrode 222 of MIM capacitor 238. Similarly, if voltage “V\,” is applied to lower

7



appl i ed across the capacitor electrodes. By coupling

two capacitors, such as M M capacitors 236 and 238 in
wo@uness82 in a parallel configuration as deseei/bszo4/001878

above, the voltage across each capacitor is equal in

val ue and opposite in polarity. Thus, the total

electroe@mwfﬁxﬁm&pgﬁtoi W%, GAHRS ‘f\t’beﬁssalsosaﬁdﬁﬂibda& eMicaRae EE(%fS\/IIM
236 and 238, at a vol "V' can be determ ned

capac1t@r23(8\/)A=sereseiwavlwbwe)e#ezgla*tbv%gfz)crceahﬂéw GRacfioy 2361% (Va-

vy)” ardd APV diYe atcnes Nﬁmag&lt&fﬁ%h§ @POYS) " GHAL I8 Roltdghs dckos§ MM
equat i on % can be sinplified b assum ng that the

capaciigest23f prd B3ararquiiie kfeslyt QPP0§1LR:1F1 pREt®rials utilized to
f ﬂ?ﬁlke g%g abobe E}H?Taggmﬁﬁc?e vafife lo?&ﬂ: I@I‘ﬂ\/l%%taltérhﬁ&h (d M@M@a&mtor 236

‘ have subst ant i y equal capacitance values. In
in Figuead ean kyletermigad p2dhe eqmagioe sinplified to formt he

T L R 2
where Sél ?tc%gf 1tgﬂce ¥al§98ﬁhe&§a%g%&ﬁ R/gg'lctﬁe/vé’ia%ejgc‘?‘oss Me%a a'c?%%ﬁegg%des is

coef f ent term n equatio
zero, "W iswhe taliagd appldd arcrrqsathedapaﬁmralectrceeul“t lsaheeqopeféhmnt, “b"isa

advart ageousl v.achi gves he \Y/
quadra 1(écoe¥ﬁ ?,’ancigj . (2(% C%%he caB%/met ce va ue % r a g%}c‘ﬁtor W, erb%/)!ltage V”is
apphed’]z&VdsE]gleaaﬁa@ﬂt@hlec@q&ﬁﬁl tance vaI ue that has a

signi fj.cant| duce denc o, ot her

ShEBPHERADE elfre SRR 0SB AP Tipp B Firane
conflg@ﬁ@cﬁl:la@ Hedchisyd abwvee, Mk Mbltapa p&G:tste@d}Scabﬁthﬂg equbsitvanit inad dpposite in

equa a |tance | ues ar.e cou ' aral el ,
POlar“éérrEH‘}Httﬁ%g F*E’&E}E?P?eo RS C%‘F‘foésg &1 é‘ﬁgﬂéﬁfgﬁg?’e“%rfs 23?1 %“dl f&%, ata
vdmgéﬂyabnﬁéﬁﬂ&hﬁ@ﬂ%§ of the parallel-coupled MM

capacitors is detern1nggéj whet her ,t he nunber of

)

par al | élTlfébaﬂ@dfaMwbEa o*raszéVe\}en diqueidieh, (2).n an

enbodi nt conmpri si even nu
eI e frRg e Aot apat Uan ealion ) souhe sioRtiise by

assumﬂ% t}Q%@Haﬁhalg Qﬁ&hﬁgne% o sﬁélpﬁ&bﬁa@sf &lléécﬁtoffﬁ;?fcht@@ ezgds(:uc;ne
at each M M capacitor has a substantially equal

selectcd 3RACGhd: ) GAd \B b subfighildf @fualCapaahicaRgiBesy Rl i ce, dggtion (2)
paral |l el -coupled M M capacitors at an applied voltage

may be' ithplifaed thtréhecaqrdtivad by t he equat| on: 8 WD

2004 09Sghp TSRS C0LgLE, Clgver (1) = noo (v

cHichiracithe, ConrtRoatnhnfEar Frdef beunt e hountseatsianc
values, tggﬁlgear?eo@lglc%\ﬂ}]tggg ?’ Ko —g g‘d%{/ ”EEEQJ @ %f%ﬁme%%uam Mxmmated Asa

ors ere capacitors are

result,ft}fegﬁésQrﬁ'irﬁzgnt%ﬁ%t}vel:nﬁ%EOL@@%@the% &ﬁ}ﬂﬁﬁém claﬁa%lt@r 1e C, coupled in

tantially equal” capacitance val ue, the tot

paralle} ¥RAC, ! ARG é/t@{au&p@&tah&ﬁ/aﬁlaﬁﬁk ha@a-mgﬁﬂlé@ﬂxt@de&dcﬁd dependence on
capac:ltors at an applied voltage "V' can be determ ned
voltaghy t he equati on:

In other embodiments of the present invention, where a number greater than two MIM
capacitors having substantially equal capacitance values are coupled in parallel, the amount of
reduction in voltage dependence of the total capacitance of the parallel-coupled MIM capacitors is
determined by whether the number of parallel-coupled MIM capacitors is even or odd. In an
embodiment comprising an even number of parallel-coupled MIM capacitors, where the even number
of parallel-coupled MIM capacitors are fabricated such that each MIM capacitor has a substantially
equal capacitance value, the total capacitance value of the parallel-coupled MIM capacitors at an

applied voltage “V” can be determined by the equation:

8



C Todd (V) = nCa 1+ a V +bV 2 Equation (5) mwhere m
is an odd nunber representing the nunber of
w@aooalobssB2 coupl ed M M capacitors. Thus, as shp@mub3004/001878
equations (4) and (5), the present invention achieves
a conposite M M capacitor achieving a significant

reducttpn %ﬂfWﬁQSVd penn@ﬂﬁgl1 t capaci tance by
0

coupl|n§”e| her an eve M M capacitors in
where PBR@4d &kn MmN rPetdentidBBRMmuberMr MraidPa6kH QI NI Rapacitors.

paral | el . However, the reduction, of voltag

d%‘ri‘é ErBerimentof e @@t NVANUOMSBRIPTIHE 28 odfl ppnbsr 9f P ekgripled
MIM 8 Rh&S, vitlereRRd Sd bSO IR AV Mor CRPRGH VS ucHthBEh& MM

ows flowchart 300, which describes the steps,

capacnableaé edhbsgntignneal eptsetinre ruso the feid capiczentalpneiahe pamlel-
couple@ MR JAE&‘&@E% anﬁ%émnta&e \/@‘%Q?P?é%te@mMe%§? ﬂ@%guatn% in

structure |gure ricated tain
deta|I fea r v n left out of flowchart
300 t hit t t ersrﬁﬂ“ﬁffond?dr nary skill
in the art For e a a step may consi st of one or
where FQE §h SHARSHBHSREschBE thé MHe 6 RRBEILRLHIZETRHAbRIIBAL THES, as
materials, as known in the art. Steps 302 through 318
shown b egtsBenS ] 3 (7)) BAEIERN ISTBORAGIES § SRsRROre VB daendrisghieving
a &gmﬁ&%t I%mglll fﬁe\%itaéefdebaﬁe&(a %§@a@501t'aﬁ@é%‘9tcb@"mg @ﬁrtb? bin even number of
nbodi nents of i nvention may I'i ze steps
MIM cdpartft@r ererdllelgnan ﬁé@@l@mwm cmaettﬁrmmara@elo Hoptevgrgthe reduction
£ voltSReSEnbdIRL SRS ard g
of vo t% gtgerne&gelrs fgger%ﬁaé gtégﬁ&gﬁﬁve\gg eutrc:’rh V\%?]a fQ/QIY\’gL;r?I%rr fmt %a\Msm Ec;upled MIM
capacii@g?2, |ncludes a first interlayer dielectric Iayer
e r
F1 1:1re ég Barti (ng t@/ﬁ%& 8&3011{19? t}?egkge\ﬁ? r?tcclébrr&: th %eoglte %mb@glinent of the
presenl 1ay,€$r10n of dgrpgss byeﬂhmhé‘re cbinposfte MEM capariiter 1Inayecrture 100 in Figure 1 is
fabrlcageldel e ;11[1 Iflectalksaan Ite‘a ures av b s 1? [e o¥1§ of f% Lar? %d’O tﬁat are 2] aren% toa
er connec Fay i erconnecr |
person niéblﬂlnatya}(ﬂlrm llﬁ7a,rt fFOf e)ﬁmh&'pzi ﬁep m@rbobﬁstlolﬁ ohddreficcOnmeeps or may

oIV R R B bR P ek OSBRI St FRI APty reted in

flowchhit GO0 dee slifptieats a@crﬁmtoee e@bodsi&n oﬁtﬁe p&lsdnt BOENt0X) dﬂlee,r embodiments
sili.con nitride, 4%ntalun1 ent X|de

de
of the iR RO WL Steh FHERT iRmbRPLEe! OW%nrft?&ﬁF%rh?@”E rrerrﬂ that the

processing srtépatsﬁ)wrhafﬂawumrtsaoblaﬁeqieeomlrtaafon la thAF | WHIEH) BAbSD ke 8028 includes
is deposited over the first interconnect netal Iayer

a first I}xterlereésle@e%w layer, ggelPteNpiGr iglseleir £ O shrwn it Figeir i si ng,

f 81 st Bowchhitt BOM aWR Rt Ed et Herd ﬁ@&ﬁk HEPoBitekilol E8hd Srst
deposi ted and patterned over the | ower M M capacitor

interlayfy dielegitieilayen, ¢ apterayer Gelpsten 1qFp g fiest Béareanaect gretahlay gier
intercolfhd¥t rﬁé@lqgﬁet 967, £dr- eﬁamﬂ[@ t.a4 beoih Mt&rcdrlet léy% of Mé}{luconductor

capacitor dielectric l'ayer is also patterned to form
die. A digvesr MM ¢apacitoydielasiria Ber camprsiega BB yely highfkidig¢ctric material such as

silicon ofﬁdg HRONH gridentﬁtétgiurrj Or%é?&ﬁ,ﬁlmtﬂrﬁ 5{189 h!it?uufnpgme ZI}'C%%{:‘H oxide,

ectrode 0 capacitor, i.e
zircomptlnattmnluzmsmd&tte Qtfemrreﬁl&ateahaéleamradlmlmtnerlhalyens deboeit@crtven tge first

. | ayer,. i fo 04 g& PCT/ US2004/ 001878

mtercolnrﬁ&%ég rrnf:tgl la er gt \{\eg)c B C(O ﬁ\% capgtcnoor Srrlletgag 8omt\)/r1esllngt aor exam&le
titaniuramﬁridime:{nteéthlﬂ aturidedie gepokitddhed pammed Mdvithe lower MIM capacitor
dielectric layer to form an upper electrode of a lower MIM capacitor, i.e. metal plate 120. The lower
MIM capacitor dielectric layer is also patterned to form dielectric segment 132.

At step 306, the first interconnect metal layer is patterned to form a lower electrode of the

lower MIM capacitor, i.e. metal plate 124. At step 308, a second interlayer dielectric layer, i.e.



capacitor, i.e. netal plates 120 and 124,
respectively. The second interlayer dielectric |ayer
W@ 2004/08358Dr i se porous silica, fluorinated anorptiDus2004/001878
carbon, fluoro-polynmer, parylene, polyarylene ether,
si | sesqui oxane, fluorinated silicon dioxide,

mterlayglI (ﬁH@d’ﬂr@c 110k® degsRQGvePihe BFHREENAPRERRIH S of B¥hdver MIM
dielectric material. Alternatively, interlayer

capaciiefi - aeta} plates 149 apdrt 24 orprativdy s The Seentd dxpire e sdCIRTIBWY§r 52

comprl%tf)%roﬂg Elllcang&II’lagegi %m@@%oﬁs%ﬁ%ﬁi fiuBro By nse GRARHere nﬁo@fal’ﬁéﬁ% lether,
i'el ectric | ayer, . Interlayer dielectric

silsesquierane, flaerinaped Sll@@mﬂla@tie viiarend-{ikecaghnpepr asheg emnf@fa@tedPthWéelectm

matena*.%vfﬁltnaMeM, ﬁﬁﬁg%rta(?erle dﬂm Ao cgf% r@é Qﬁ&)njog&le ay LrﬁJw:lﬂ]i@tHe%rt Vias
ormed i'n the'second Interlay dr dielectric er,

114 areifomned imthe pdcaybintedper disteriric lam@l e. W@ﬂayelahdeqtﬂc b Apvestand in

wi.th, th I denviofod pac 1t
contactiv@{g: t’h%gpgf elecﬁat g ﬁ% FORK{??aS 1 pacgﬁr dl %’?@e‘iaﬁ’fgw 198/ @ﬁlllg is formed
in the sé@hdren’brlayereﬁed:dctrmga)tehe esieedndr dinteetrit alkovati @Ide@cqnmgt with, the

st rd ua.etc cess
lower QH:?/ ?%&’?% ?%werwfca@flcrllo& Af Qal i ge %I \)éasdnlaltggﬁ g ? 1%8ur(r:1?1y be
formed@$ etching giceecond 1rﬁﬁhpﬁl‘d1elefom‘c lweahjoh siandAtd \sﬂ aph Bbesss and can be
L
| A s@pl3a0, @rseching hr&@rtzdmnect n@yak fayanik. aftercippedt nMaMa@aﬁaé ii§ deposited

dielectric |ayer . sited ver t he
over the preeRdIBiTREE distiEr ?aysvg in e MUGerefis Sy s deposied
over th8Bdc8id ihB)BfinccARetFIARRE.I BIR sectntl Mitdtthfinedt @leta® kglal contiitide

the upper MM capaC| tor dielectric |ayer can co

alumingy prtiAmele] 46, 1o GPpT VIt o Fig DAY ‘iﬁ%%@ﬂ&‘%@ﬁ%ﬂ oxide,

silicon @448, ﬁHmu%e‘A%md'a i ithithth 8Xiél @afnfink 60N, HiRddAXintlekide, zirconium
zirconium alumnumsilicate, hafniumsilicate

alumingya sticaienhalninm Filistss hafpiugr abumigym silipals. of ether IF%WY highyk diglectric

materlaqi fgll eg&rlhglle CThé@E&fd' lﬁdercmfl&[it rfet & n@'eﬁcan-gb% RREQARkCt metal layer three
I'nt erconnect net al ayer can bé in interconnect netal

of a sehigymiuctphdtiedor expmples dirptephidu et @perdyeM Cﬁmlt@m llager cgnprising,
for examgf‘aéptltgr:lllgrh nﬁﬁd%ﬁgg{tal% I}{}tﬁ@quﬁéﬂo%edqﬁﬁ Qzltteh@){ ®ler the upper MIM

titaniumnitride or tantal um
capacitot dleledec iaserdcefwslatl splpea Rldctprat pEapgerdBd C%H@éltqwﬁemem Mate 130.

The upB?rR%E\}I carg%cel{r:cl)r ﬁ)l %?ttrlg Ila{: erl 1?Xl§£ p%tt%reneg [Or@og'{l] dféf%gt%c s%n‘geﬁ{ f?%
uppsedp VK Nhespared 1hkarconheeﬂ reatgliiyer is @yrmmadsto airwanqbéétstgmenﬁek% and a
diele C_Sse rrent 134, At st 314,
lower e;leé:&rwc:eoorptl}ﬁ%)'p% gﬂﬁ\g &ypagiiar.dse. 1I'n<atal eprlatle gzz;a eel?\xlf]eer etCthodfe of the upper
MIM caiﬁlt:ﬁd)r iScghRNplatd 282 a.ﬂéietﬁrlcallpMe@écﬁotlteoqbeer@ﬂectrbm Qﬁp‘pécwer MIM

cpni oy S SSRSL AL by G 5 Pl S8 1 T S Bhpaga o e v
electroBd &itiBe 15Xes MIN caB8Rd1T ileC RlelalpleionDE oY €1 118. t he upper
el ectrode of the lower MM capacitor,

oA 3100, sy e st St alscsg T2 deposiced aver
metal pﬁz&t@ €30, hﬁﬁl }I.)l)(te gon Q&F&&Q st@ndnbe2gl Q\H@Ehlrdeht@ﬂiyfep&i@le&ﬁc fabi@ can
| oner M M capacitor, i.e, netal plate 124, by via 118.
compriag paseus5iliga gluornates agprpliopsarbapetlucup-aplumes Pary/pas, aplyarylepe ether,
sﬂsesthlmiézr‘l% | ¥R hatt sqilc%%tdfdx?deléigmoddshkq SRBSH, LEChOMSY -k H@dcalc material.
130, nmetal plate 122 and netal segnent 128. The
Vias lténarqa then frreed oy thirfl altestayeridielqciriedryer aYer: 488 ipionet YEr ig4ipper
I B %EBird
cectct b (Bl Bl RRLFSL, ATRERTONS 19800 D 113 K20 AR HERIa
mterlafdr d@ielclrmaﬁfe'dr oiet,iapdin chioxtivde, melqalaamn@m 12%eVieat Womd vigrl19 may be
r t \j
rorme e S PG e TRV S T 4% B55 B ve e
with aia¢lectiidallg osidactivewhatednial iuhleasupmten oetapptr fodexanfple he upper
M M capacitor, i.e. nmetal plate 130, and via 119 is
formed in the third 10



interlayer dielectric layer over, and in contact wth,
nmetal segnent 128. Vias 116 and via 119 may be forned
whygooeedssng the third interlayer dielectric | aper/ub3ooa001878
standard via etch process and can be filled wth an
electrically conductive material such as tungsten or
CORREB18, faGhir EXRRh A ct hbtaM) e QQ4hRBRRRt metal layer 121, is dep051ted
PCT/ US2004/ 001878 At step 318, a third jnterconne
and patpgied over diedhird nteglayqrdicdaciishiist & pierpyer diplsririg 42, 1q fgrm metal
segmen‘fi RO St @frdaRdrcBAlLEhARdayRY & bk REintdlichfkct REGT Th Y ur of a
dielectric layer, i.e. interlayer dielectric 112, to
semicofidyetor higtfar examplymbntal sepmenti?é it tormes Qvak endipreAmatt Vit wps 116 and
via 119I qylgsr me r's ?ﬁeﬁtgzb Bl FﬁﬁfgQg&{eclgﬁ{e%g?ér@%g{m({e%@ 'EheQJEZJ%@ MIM
sem ¢on or xanpl e segnment
capac:ltblorm%vlet‘e 138ytd therfowasteaizade tha lower 36IM dapacited i- evlﬂ%ial plate 124,
c
through v1§s 1#52\{1'% %: gél S %Sgﬁg% ai]rg%a%:l% A{: % xcegt!(l:l & tﬁeo&@ﬁgltaﬁ/ }J'r&%ss
descnbadamalowphaat @M@@qmﬁosltet MeM Icmaemoré\i feonfrddﬂéh@lbWWMIM Gemeitor

couple(%\l/llilé)ar lfnlger upI’PE{ @M%taﬁ%%%n(?glglageaﬁarpeﬁdq& Tgé’]th%‘stﬁﬁice of the die.

rEifiukl| ab désf:rlbddeibe\)eeﬂip Ipeesant pivacies sdvadegaiuslp echi¢vas a composite MIM
flowchart. 30 site MM capa
capacnf)q,]}@qng\;\gplﬁmr%‘y dxggrgg%!{) C%Psﬂiy CWO}ﬁB FuaPa dCtB MIWﬁapacltP%us%q% only
lateral $HaREst thd . CH&QﬁésEﬂﬁn\&ﬁdorﬁuttmbﬁdmﬁge’opﬂp ditteveas cdngpobibeaVIIM
surface of the die. Thu des rib

capsci leuBRE SHHGEHET AT ieG LSt CFS SREM-airct A KBRSl dom

above MMpthla@faﬁ(bﬁ@lﬁryWoﬂﬁqeﬁﬂs gfiht irvationyit ik H‘ﬁﬁlﬁ%eldatdﬁﬂ&lsttgbhmques
when conpared to an M M capacitor usi S%t on|

can be Yi54 £ IPIeRRIIng;tee, COTRRBISS B @St VSR P e o s scope.

For exﬁ%‘f@%ﬁl@ﬁ@é&ﬂbﬁf 2RCRERMASe BBCANRARIthesalve Mooﬁiﬁﬂﬁ@r Hdensions, which
havi ng a capacitance value with reduced volta

allows depramefemesk tage seplulapdatedpvactalpldnt 0med “5%9‘@6 130, to reduce

mask nﬂ@ﬁlg bl | %re@@ere%ﬁmh@fnyerﬁgpgg'H@@rme%crﬁfedm QURNEfeRACe to
It I's manifest that various technll%ues can be used

certainfegbodimpite rwatsPngf arfiaary ok épths ap fvorldaeqopriseihet chpfigehtan p made
f
in forqunhlagtgﬁggﬁ&ﬂ ggﬂa%gl ffd gtb Eelﬁrigegﬁg}ge rfcoﬁg&% t}tﬁ)ﬁlz%ggﬁwé A[E%B@A the
descrlb'éﬂ eobqulirnents'arefo i mm@ns all yeispests as dlusioaiiy e andastirasticies Kt
d I
oyl BE B ol BN D104 Bl i Pl
herein, \Mui ik eapiable of mugNtchrpmgbrasitshmedifide®os, iahddibyiitatons patbput departing
¢ ereF e.to .certain embodinments, a person of
romt}ﬁf&‘fpﬁg CIPPM™M h the art woul d recogni ze that changes
c"ﬂ}m,t@@%@ny donfposite MM capatiar ithirddocadtvotiegalepdndence irom
he spirit and th cope of the invention. As such,
Semlcopﬁgtordl%&?s bﬁ‘é‘bldeéﬁ"g?ﬁai ments are to be considered in all
respects as illustrative and not restrictive. It
shoul d al so be understood that the invention is not
limted to the particul ar enbodi nents descri bed
herein, but is capable of many rearrangenents,
nodi fi cations, and substitutions w thout departing
fromthe scope of the invention. Thus, a high density
conposite M M capacitor with reduced voltage
dependence in sem conductor dies has been descri bed.
11
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WD 2004/ 095582 PCT/ US2004/ 001878 CLAIMS 1. A
conposite capacitor in a sem conductor die, said
W@ 0vp03ISBE capacitor conprising: a |ower el ecPeDus2004/001878
a |l ower capacitor, said | ower electrode of said | ower
capacitor situated in a |lower interconnect netal
| ayer in said sem conducgosmvl e; an upper el ectrode of
sai d | ower capacitor, said upper electrode situated . .
Wi t hi A e@nipeviisrcapdciierdn b ageiPondPepietit SHIE CPBERSHS cagafigr comprising:
L N et loRY RiweflShaot, shif 1dvRY SlecttRPar aitd I8@eS@bdbitor situated in
I'ower 1 nterconnect netal layer froman upper
a lower intereqnoent el larertinbaidl speieondeetdréier el ectrode of an
4R Bger GRRAGL bPLid lg@kldc%&w sdfd GipkF Q6e08d sik@led witRR&Mower
capaci tor situate in sald upper interconnect netal
interlaybradi@ectiiqlapai siddewrdundayet Geleadiielayd senapisiae s eer Befecogrect
sai d upper capaci 4 upper electrode situated
metal la\Xnertfﬁol%grgwpﬁrplﬁ{eéfconée%{Ig?t?lgéf)gf’ dielectric layer, said
upPedr elentrefel ofiyenppei elpedtor, isod laxgeele@mida gf sid upacredpasiiersituated
. _..Said upper _ interconnect met er; said upper
‘“SMd@%@%?nggmﬁ%mgﬁﬁaw?gﬁgp58358%%?%?X%éing connected to
Saiufpdr eerfodeloeetid ager @bactian, chid uppeeslcampasiuatd witbaiag upper
s e S LR L LB SORAS D i o
intercofiRBakdtdl Mdyer; Wher eby sai d conposite capacitor is a

paral | el conbi nation of said |Lower c citor _and i .
o opPe SlsaeTeon s v gt Bk ey v ey PR § said
upper Wefi&l N sai d upper el ectrode of said |ower capacitor
i's connected to said | ower el ectrode %f sa%d UPPEL i of said
caidderer slecydef s3idlosier gpaciigr beinegronggeted [ FALGEPpigEiectrode o
upper GHRAGH §BretRf safl BPbskie WAL ik S@kdle] Dadinagibeetsaadey@icapacitor
said fovver capacitor is connected to said upper
and saigienet ¢apa@todf sai d upper capacitor by at |east one via.
4. The conposite capacitor of claim11 further
conprising a high-k dielectric situated between said
|Dwer Hredompple cenagitarobelaiagn bvhasein gaifl gpwrsr clecipde Pt Hid loger
e CONnosi te oL 08 de Of sabd @HpB? dpier §) 41 18 fle Biagh- K
capaciigy léf%nélggr% ?%{Oisgldgélpeggtegd from @ﬁe gr oup l?Jonsi sting of
silicon oxide, silicon nitride, tantalum pentoxide,
a%.um ML 3% ngselfe cgaafcx%r%ﬂla%i gfﬁer th!shiff Pd¥eld gl]e&?(ddg%f said lower
zi'r cont Um°aPuim nom si | ca]te, afnium sili cate, and
capacithiik Rbrnieetad nshidupper slebirgiatobsaiduppFhepadnpesitiastoapse t or
of claim1 further conprising a high-k dielectric
situated between said | ower and upper el ectrodes of

sai d uppelonpap@chpoitor of 22l ROB47 OBHESA a high-k dielectric situated
PCT/ US2004/ 001878

between said Jower and upper electrodes of said lower capacitor.

5. The composite capacitor of claim 4 wherein said high-k dielectric is selected from
the group consisting of silicon oxide, silicon nitride, tantalum pentoxide, aluminum oxide, hafnium
oxide, zirconium oxide, zirconium aluminum silicate, hafnium silicate, and hafnium aluminum

silicate.

6. The composite capacitor of claim 1 further comprising a high-k dielectric situated

between said lower and upper electrodes of said upper capacitor.
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7. The conposite capacitor of claim6 wherein said
hi gh-k dielectric is selected fromthe group
wa@egiostssng of silicon oxide, silicon nitride, PCBEOSEOUMISTS
pent oxi de, al um num oxi de, hafnium oxide, zirconium
oxi de, zirconiumalum numsilicate, hafniumsilicate,

and hafg b&ﬂ%@lt@ BApRMIY ofSdldiinGakRreiBsaid igh-& @w[b@ﬁictlﬁselected from
capaci t or claiml1 wherein said | ower and up

the groqpmoefﬁmg &F sitipom| asdersilicon pider Sni@Bpeniogids, ahgginien oxide, hafnium
oxide, z@c@r{uﬁﬁ b€, zirQonid QuSAIRAS che, Kafhah 'sfh@ﬁte Qhd GAfaiuA Buminum
wherein said lowk dielectric is selected fromthe
silicate.gr oup consi sting of porous silica, fluorinated
anor phous carbon, fluoro-polyner, parylene,
pol yaryl ene ether si | sesqui oxane, fluorinated silicon
@lOX|déecanmmdﬁanandubﬁQQHGGWEmﬂn&mmb“¢h@ﬂc@W§@§W#éermekcﬁw
aci t 0 m 1l further conprising: a first netal
layers Cgm rlsenatl% kt o %!'i n sai d upper interconnect netal
| ayer, said flrst metal segnent being connected to
g: g | W%ft)mg(:)sq(:t [ %cg g)r 8{ clalr%I 8d Wlll em éarl& %gval\g!(i:l%]?gtpgﬂ%ilteaﬁferom the
group cGAHIRNAg bf goraapiich tfﬁlbrlmfteck}in‘aalrp‘hoﬁﬂcav%wr ﬁllldno—s@ibfnderﬁ parglene,
metal segnent is onnec ectrode of
polyany 5t ainpo NP i DY el Gna e b
- conposi te capacitor of claim10 wherein said first
netal segnent .is connected t said per el ectrode of
& d dBBéPmeﬁﬁﬁEﬂFﬁF”B§d§”H“§F5rc??p%$5%|as and a

Sﬁ’i‘r@aﬁﬁ’etﬂ@ég’?ﬁhen§ﬁ@ﬁ@ﬂ‘ tn, safaaipﬁer isecondctimdtallayse ghi® fifst Pehinggment
si tuated over said per. I nterlayer djelectric

| a
being cqmectvii B HpLEITIERARTAETE 9SG PEIET UL AHOPEIeheIgdoge of so1d
upper cHPRRSr. €l ectrode of said lower capacitor and said
upper el ectrode of said upper capacitor conprise netal
sel ected fromthe group consisting of titanium

nj;tri dﬁne@:@ﬂl 520t ati0r B Lkt wHkfein SidBishQetall 8fment is connected to

fabrlcatlng a composite capacitor in a sem conductor
said lowkirelectsedechf pad kowgr capedtior Psitigststneyis. of : depositing a
| ower interconnect netal |ayer; form ng an upper
el ectrode of a | ower capacitor over said |ower
| ]ﬂt er C’Eiwrcempomtcaiamlt@yédalm Wawheemm pandyfizshingfal segyaent is connected to

said upger e szcf:rocpe O%(S:'cttld Emt 2!: 8‘?%%) eg gl ?w]afanals WL se%rﬁl%ertﬁqggn%fnt said

capa I'ng an upper

second infttat separnEEingrsitadd dvayeid; upbanmuenageadlelagpeia}'@l ectrode
of an upper capacitor over said upper interconnect
netal layer; 13 WO 2004/095582 PCT/ US2004/ 001878

PES. t er The@mpadied chmbfﬂd’r of tihidt L ohdreiatsaifepdr eleayele of aid lowen
I r. el r [
capamtgr an(oivs\gld ugpe? %ltectgcgjdee o? saldS l?ppgr caBantor comprise metal selected from the group

consisting of titanium nitride and tantalum nitride.

14. A method for fabricating a composite capacitor in a semiconductor die, said method
comprising steps of:

depositing a lower interconnect metal layer;

forming an upper electrode of a lower capacitor over said lower interconnect metal layer;

patterning said lower interconnect metal layer to form a lower electrode of said lower
capacitor;

depositing an upper interconnect metal layer;

forming an upper electrode of an upper capacitor over said upper interconnect metal layer;
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capacitor. 15. The nmethod of claim 14 further
conprising a step of connecting said upper el ectrode
wobkoabssst ower capacitor to said | ower el ectr oBeT/©82004/001878
sai d upper capacitor by at |east one via. 16. The
met hod of claim 14 further conprising a step of
%Qﬂ't@?ﬁﬁ% sdMupiRl Sliek RWRLt @biBIakye@ tbeforr@h 1ovak Bledt@aR bf said upper
~capacitor to said upper electrode of said upper
capacit@fgpaci tor by at |east one via. 17. The nethod of claim
14 further conprising a step of form ng a high-k
dielectric between said |ower and upper el ectrodes of
d4i d |Thaerethod phelpitoh4 furtlger coRRrisiRg Gl o FOBPS[NgS3ie upper electrode
of said YRF r,ea'pgcit%@{odsaﬂ!l&bér%%egﬂr Sl SELdid GppeScpeli@ebes 1dak Qe bhe
group consisting of silicon oxide, silicon nitride,
t ant al um pent oxi de, al um num oxi de, haf ni um oxi de,
I conj,u i A ' jglcd g sHAfdW el Bectrode
R A R el s A
of said hetehagadifor ¢l sidmppet efegirodeerf sddngnel sApAgtoabsitdgnsige via.
formng a high-k dielectric between said |ower and
upper el ectrodes of said upper capacitor. 20. The
net hodrtefmethaioficlibn Whiertkérmospiiingd gép- & fetmétgechigli-k dielpctric
sel.ected fromthe oup . consi st i of silicon oxide,
betwee‘é?a}“? St ?ﬂdﬂpp‘lc{ee?ec?%f e} Sﬁ}%ﬁﬁvé'%rtcgg(%cggﬁ' al uni num oxi de,
haf ni um oxi de, zirconi um oxi de, zirconi um al um num

silicate, hafniumsilicate, .and hafni um.al um num
si& i calhe meshod off m?.rﬁ ngael&salg Flﬁp}%adgeiecyr CdF seﬁtf%:tegg{ogl the group
consistRRESili€&dnaxideOfieof fnitS @, thnlabivepencapCdltiroihuangide.s@inghm oxide,

sirconigaioaide GHoTT U BT i oc GG R o e CAFT L o1 e
nitride and tantalumnitride. 22. The nethod of claim
14 wherein said upper electrode of saiq | qwer . dielectri
ckh ac! Tlesrmethey 0f§51ilra 1@%@@ C@F}@Efl?%a stepypf farming ffb?,lélé-},( ielectric

betweeti SRB Fdvie? En@&p%erf AREbERLEhidHpki &b&God common mask. 14

20. The method of claim 19 wherein said high-k dielectric is selected from the group
consisting of silicon oxide, silicon nitride, tantalum pentoxide, aluminum oxide, hafnium oxide,

zirconium oxide, zirconium aluminum silicate, hafnium silicate, and hafnium aluminum silicate.
21. The method of claim 14 wherein said upper electrode of said lower capacitor and
said upper electrode of said upper capacitor comprise metal selected from the group consisting of

titanium nitride and tantalum nitride.

22. The method of claim 14 wherein said upper electrode of said lower capacitor and

said upper electrode of said upper capacitor are fabricated utilizing a common mask.

14



