| NTEGRATED Cl RCU TS HAVI NG PLACE- EFFI CI ENT CAPACI TORS AND METHODS FOR
FABRI CATI NG THE SAME FI ELD OF THE | NVENTI ON 100011 The present invention
generally relates to integrated circuits and nethods for fabricating
integrated circuits, and nore particularly relates to integrated circuits
havi ng pl ace-efficient capacitors and nethods for fabricating the sane.
BACKGROUND OF THE | NVENTI ON 100021During front end-of-the-line processing,
a plurality of sem conductor devices (e.g., transistors, resistors, and the
i ke) are fornmed on a sem conductor wafer. During back endof-the-line
(BEOL) processing, a plurality of sem conductor devices are interconnected
tobf orma }ol urm'mcymg:rj (CIRQQ!’E’C]@G\_/iNdITIWd_ESEWIICi_Ehe C\A@?en;od@mm{h are
subsequent |y separated into individu ie during er dicing.

| nt erconnection of the sgﬁﬁé%ﬁ%ﬁgwgVaﬁgeﬁﬁ%g}ﬁ@yﬁﬁﬁ“nplished via the
formation of a plurality of BEOL |ayers, which include, in part, a nunber
of netallization |ayers and a P er dielectric layers OLD

| ayers). 100031 Capacitors are Hgg}ilﬁlﬁgﬂﬁﬁgféﬁtrlcal and el ectronic
devices to iﬂt@ﬁllerﬂé\ﬁtp"aelw"d@ﬂtwaracewlydfeldweum:mtegﬁ@d oCapacing aregofaiorbe

fabricated g Qard m%E;[a%chQ:uQﬁt@ kaﬂ@nl%;éjgalﬁclﬂﬁul% laﬁes(lgﬁ%ai&r 8&@1%511avﬁgq- begi ns
when a first net§1 liZation |ayer is deposited on the sem conductor wafer.

Back end caPacraliiict eapgsites pridynethags foy fabricatingyeaiirount of chip area and often
conpete for available chip area in which transistors can be fornmed. 100041

There is a conti nual intere nsity of sem conduct or
devi ces, such as capacitors, gk@Rb@ﬁ ‘ﬁgﬁ%%ﬁgégﬁégﬁ circuit. High
capacitanceﬂmeﬂdegwnedmﬁwmdo%m@bmﬁmm&mn&m@huﬁ@n@&ﬁmwmﬁﬁmmd@@ﬁs@@pacitors.

) CapaC| t ancﬁansmtgis st(g 9 achﬁ%e (ﬁgeg%%lf%%e&)gn I{ &%Ic%ﬁa{fc{%faw&gr Dﬂl %El)ﬂg cr?c! ectric

charge One a pr ac tO I NCre e capacitance 1s to 1 nctrease the area of
t he capaci t orthel|edBEREEROceSHEae Phsyeo! rsgm@nnﬁf@éql ldgvigse efsonteicomedicdtto t he

surface arepnff dhgiebeakiReLsouHONENEhafel Ihith %@Qﬁ&%&tl&%@ﬁélaﬂcﬁ iht an
increase in the actual area occupied by the capacitor on the i ntegrated

circuit or ‘é’ﬁ"’IdHi’!r%%gér“iénwﬁfﬁled'é‘i“%e lawafJWéct@h.% 4 ﬁ@“?”ﬁf“é?&’f dederscircuit).
Nei t her of idesgiseatvioms formadtesifaall&itas BDOL &ashkNghidthiaciad! hapariahea

occupted by i 53RAAS) GEEL e BLIEL SRTLSSRIMCASE it gep ond an
density. 1000631 Abwaﬂdsmghwﬁnnmmwgkde&ﬂmabM®uMUc®wmwndenMMm$gﬂaMed circuits
having a Ca@:ﬁl@éyt&rfm\{gtigiﬂ. Capacitors may be fabricated as part of the back-end-of-the-line

{(BEOL) process. BEOL begins when a first metallization layer is deposited on the

semiconductor wafer. Back end capacitors typically require a large amount of chip area and

often compete for available chip area in which transistors can be formed.

{0004} There is a continual inferest in the integration density of semiconductor devices,

such as capacitors, etc. on the integrated circuit. High capacitance is desired for capacitors,

including DRAM storage capacitors. “Capacitance” refers to the capacity of the device for

storing electric charge. One approach to increase the capacitance is to increase the area of

the capacitor electrodes. Capacitance is directly proportional (o the surface area of the

electrodes, However, this approach results in an increase in the actual area occupied by the

capacitor on the integrated circuit or an increase in the size of the chip {the integrated

circuit). Neither of these options is desirable as increasing the actual area occupied by the

capacitor excludes other semiconductor devices and an increase in the chip size undermines

the interest toward integration density.

10005]  Accordingly, it is desirable to provide integrated circuits having a capacitor with

increased capacitance per unit arca (i.e, a “place-efficient capacitor™) and methods for
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i ncreased capacitance per unit area (i.e., a "place-efficient capacitor")
and nethods for fabricating the sane. It is also desired to increase the
capaci tance of the capacitor w thout occupying nore chip space or
increasing the size of the integrated circuit to enable an increase in the
nunber of sem conductor devices integrated on a given area of the
integrated circuit. Furthernore, other desirable features and
characteristics of the present invention will becone apparent fromthe
subsequent detailed description of the invention and the appended cl ai s,
taken in conjunction with the acconpanyi ng drawi ngs and this background of
t he i nventi GitricaBl tEFsaBleMVIARY o QesirBtHED ih&hANTIE @}ia&@@&ﬁﬁ tHvehjacids wikdrut

I’)I‘ag{;: gg‘él nlg(r)](!cglg 1%2(%?1385\{)#%'0;[ ‘lsncleasmé> ngf &40 tetn% mdc vta ngucéllﬁ% (%Iat% %&3 Ia:ilgl udes
formng a dﬂ%%@@ﬂﬂﬁ%mmﬁyeﬂN@V@mkamgwammomﬁﬂ@dwma;ﬁaammp@h®mmaaMd

sem conduct Qe YRSk RLE orhY &ﬁki@lb@@&ﬂ:‘l(pg d Sah Q& B?cg o'FnI: egePQn\Qh[ﬁ)ln%gﬁ ric layer
to expose a portion of the conductive feature opening is etched
into the di Bc@Bs FPaent o theamieqyeyidetpitsd descdnian O’iiﬁ’e‘“‘é’ﬁ‘r‘fﬁl‘@é‘ﬂ hgeprpwsiad ure. Et ch
resi stant patitk,0hi@s iBERjud@RASith etk QUK aidirkiRsdin@bRClEilgbouh@Yehe and in the
parti al openlng The dielectric layer is further etched using the etch
resistant palficles as an etch mask to extend the partial opening. A first
conductive layer is fornmed overlying the extended partial opening and

el ectrically contacting theBBEHdMEEVMGBY¥atiily &IVENTEpaci tor insul ating

layer is fo[ged w&{ohyronqabmﬁmg lr(té%at&p@l@“%tﬂa\/ﬂg, p%%fruét $8RARA gonductive
layer is formed overlying the insulating |ayer. 100071 Methods for

fabricati ngP*iOHf*@é‘gwa&C@ddaa?er%m € eNERAl C‘B‘Poéﬁ‘éf“biﬂﬁ psthor tnckidpsaleimion & ar e

provi ded i ndigiegerdanceriyig mcyﬁhcuaﬂmth@ronaxamainaﬁcyox SiHeM. med oRhing he pr esent
yer over |

i nvention. The ormn

conduct i ve qu nE"mbﬁegmgah%é%%d%&yg$q}ﬂH§WFg§E”m%ﬁJP31%$@hﬁﬁﬁ Y forned in
the di el ect rieaing ayshediotogheplideta [por tnidensitiet her tenduadiivy &afieakilre. The via
opening is / f I t ial. The
dielectric {e%/té}?gallimesp gjadg%)%&%m ﬁln% ﬂ?e%écgr% ]C!y glnaé]lrjlﬂﬁﬁt pao@lD (Epl)e?)lﬁaciﬁ %ver t he
conducti ve figlggiilayer Etf@H“ﬂr“é“élﬁ‘ét'%!?%tfhﬁp‘a?ltlF%ﬂt@épc&WﬂéﬁSdéﬁbwhtlwk ovtend he

di el ectric haygfial spehife @m&‘@%dtlgﬂﬁnhﬁg is TRGeddbRbiBRE ileCodkeRYARI pabtiy f ur t her
et ched around the etch- re5|stant“%art|c es to extend the partial opening

forming an @?P@hﬂ@dmﬁﬁ?@Wépn%%@hl dﬂm¥ﬂéwé?ﬁheHb%W%%%hW“ﬁﬁP%F%?é% and the
OPL nateri afonwdtoh(tllfymtg,hl& fitit@oRpaie gerah QedoRNEM@ M iveAaeDWBFrmEAPRBY i HOT

el ectrode ig forne fdcEor exanple froma metal liner, within the via opening
and the extende di % {9a opening. A capacitor insulating |ayer is fornmed
overlying tW@WMEW&mowiheWwﬁﬁmn&ppﬂmwwcapaeﬁmdngeheﬂﬁﬁmmEC&mumonmed filling
the via ope&m&datm%cwa@m@mgﬁ@a qmnare&wldlpe@wd bt ffe @eaﬁt,mcnﬁanl !

mat eri al. 10008 Integra ed Circuits havin ace- Iclent capacitor are
provi ded i n''ceghuainelsdsn Prniges %ﬂ%@ﬁehﬂé%€wﬁﬁ%£9f@W%@dFdé%WLdm 4 he present

invention. stheohddb@gh e, /ClJlEl‘éFUntng,hsnféJiﬁé@@ﬁth@-dilel@&ﬁé’ lafRRAGhEsOR peligct r ode
havi ng a surf hat | des an inner surface area of an extended

rea
parti al opéﬁﬁ‘b“&ﬁ e g ﬂ&cobéhYﬁéwTH%dédﬁﬁhwﬁhﬁ&@ﬁéWﬁ@HmﬁV@PEdﬁ?ic | ayer on
a sen condu@roy mgeras thhatielectdc apdcitdhed toi aLd aﬁmamgpehagedss:tw@irdvmesc t he | ower

capaci tor J ﬁ&utc&\%d@?uu@”uéip RE gian(% &Qi?‘%[%g ot d%o% tdro(%fgrethc ﬁ:otnc iaycnulnq er| al fills

t he extende& 'f'ace area
t hat |ncIud@gmth@nmmﬂépd@hﬂﬁab@ma$é@hﬂwﬁth@nemﬂ@ndﬁdlpaﬁmtmmwbp@nlng and

via openi ngc\temhggal%%h]@]%lmg% exl Hﬁle%\% Nﬁmg The etch-resistant particles

and the OPL material within the via opening are removed. A lower capacitor electrode is
formed, for example from a metal liner, within the via opening and the extended partial

opening. A capacitor insulating layer is formed overlying the metal liner. An upper



100091 The present invention will hereinafter be described in conjunction
with the follow ng drawing figures, wherein |ike nunerals denote |ike

el enents, and 100101 FIG 1 is a flow diagramof a nmethod for fabricating
an integrated circuit, according to exenplary enbodi mnents of the present
invention; 100111 FIG 2 illustrates, in cross-section, a portion of an
exenplary initial integrated circuit; and 100121FIGS. 3 to 14 illustrate,
in cross section, the initial integrated circuit matricul ating through

vari ous stages of formng a place-efficient capacitor in a back end of line
phase of an integrated circuit fabrication process. DETAILED DESCRI PTI ON OF
THE INVENTI&mm&&&&&&mﬁhemﬁthmwgmgv@&b&ﬁﬂ@dddﬁ&ﬂﬁﬁﬂi#ﬁm}anmﬁaﬂmmventiOn is
nerely exe m%ﬁﬁh% mpture and is not intended to limt the invention or

t he applicatron and uses of the invention. Furthernore, there is no

i ntention tH0¢% bmun@abywaWywwhe@nywpﬂégenmaamkmdmhemwké@edmmgmbackground

of the invepfion d%m& e Rl QARG GE LRI %M@%uu@& AR iQbehillecitcnyent i on.

1001411 Vari ous enbod |nents are dlrecte to integrated citcuits having
pl ace- ef f i cingH{es & Ep&eFapesiter dpstodebtvisds iase Arabilichdisiy N udyAae1 As used

herein and grahegdeRic@yd @l spdting 2Rl 2GeoRhTE Qiuﬁ@itinﬁ@:ﬂﬁﬁkcﬂ @EiSctridkfer Gapaci tors
wWith increased c Ellﬁpam ance per unit are Et ch i stant particles are used

as patter ni 1§ QGEHCE Y n{‘Fﬂ’&%’émb‘&?‘BsﬁW ve'g “H"ﬁ‘é‘f“é&%pﬁ? TR of the
i nt egrated AhnmmnmanmmNmmmasemnmEna&hemmnM3mamRaphmﬂmﬁmmg@mpa@ﬂﬁor

el ectrodes, 0 chgégrgiy ha u?a%é m@pthgt u?%ad%sg{fl ¢ %11%19: suﬁ”%@?ﬂ%la tma e gﬂen‘%& [Ij‘la(i‘)t'ﬁ!is the

capaci tor occupying more
opening and via opemng,

BRIEF DESCRIPTION OF THE DRAWINGS
[00G9} The present invention will hereinafter be described in conjunction with the
following drawing figures, wherein like numerals denote like elements, and
[0010] FIG. 1 is a flow diagram of a method for fabricating an integrated circuit,
according to exemplary embodiments of the present invention,
{0011] FIG. 2 illustrates, in cross-section, a portion of an exemplary initial integrated
circuit; and
{6012] FIGS. 3 to 14 illustrate, in cross section, the initial integrated circuit matriculating
through various stages of forming a place-efficient capacitor in a back end of line phase of

an integrated circuit fabrication process.

DETAILED DESCRIPTION OF THE INVENTION

j0G13] The folowing detailed description of the invention is merely exemplary in nature
and is not intended to limit the invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any theory presented in the preceding
packground of the invention or the following detaited description of the invention.

[0014] Various embodiments are directed to integrated circuits having place-efficient
capacitors and methods for fabricating the same. As used herein and noted previously,
“place-efficient capacitors™ are capacitors with increased capacitance per unit area. Efch-
resistant particles are used as patterning agents to introduce porosity to a dielectric layer of
the integrated circuit to increase the effective area between capacitor electrodes, thereby
increasing the capacitor capacitance, without the capacitor occupying more area on the
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integrated circuit or increasing the size of the integrated circuit. A

pl ace-efficient capacitor frees up avail able space on the integrated
circuit for other sem conductor devices, thereby inproving the econom cs of
integrated circuit fabrication. 100151 Referring nowto FIG 1, a nmethod 10
for fabricating an integrated circuit having a place-efficient capacitor
begins by providing an integrated circuit 12 (step 20). The initial
integrated circuit is nmade using standard sem conductor processing that is
well known in the art. FIG 2 illustrates an exenplary initial integrated
circuit including a sem conductor substrate 14, a dielectric layer 16 on

t he sem condugtand (,SuiilSdi ﬁﬂic&u(gdh(ﬁiu&@if EHeGnibgpyt@r cird @1 iASpEz&U—cif‘ la'bﬁrch@y&f
dielectric %ILD uctlve f eat ur.e

Gl ectri o Faya i vt B BfPR Fhy L 67 HblCodBir PG oot onauct i ve
f eat ure, andmaoviigristecphoicopEstieghted dxyait fazlz:amnerl ying a top surface of the

dielectric l(ﬁY r l{e@cr it Lﬁ'E)‘QQOSIQ@ ﬁsd nlﬂzﬂ{ogl @?oﬁ rfcf%lrl()d ?S 1rihipgng J}Qﬁz lgxklﬁ% §Ct ric
Iayer |sforma dII l ectric materlasaswell nown I n the ar For ease
of il ustrafiesreilidgaecagicdpeiegipg &y prayding anidicgipied eirggidd &tces?fpbtﬂwy@l are each

shown as a iddehed ch@W maddWind stankiadd §6911Llaﬁdu'ét@fd[§5(§:§sﬂ%%a’% B%ll khehen may be
addi ti onal dlelﬁcg fC and/ or phot or esi st %ers as well as other |ayers
o 3! B

(not shown) *$u lusiralys A RRPPIEY HiHe m&ﬂ@f*ﬂc ét‘?”\}e‘“‘i%’é&él hFE IR ayer s,

or gani ¢ pl anastiazatd ﬁ)ﬂleﬂcayerdﬁu (1©OBLYhe s@tﬁlcbah&ctcbﬂ skﬁiral&’hﬂel&&miﬁ)mﬂ(h.l@hﬁ)r

::JF;SE;L? epIO nteng 1gile?1uc (zle[@ apﬂdsygrgeocgv g E)v%rftlza re ¢ FS f%l me@ in tﬂ(?fﬁllﬁlggt Gsltﬁg'l lalngemay

i ncl ude |nswﬂbﬂww@*wayémsrﬁunﬁﬁmsﬂﬂm,b@mpmbunkdyﬁn@zm@@ﬁdﬂ@bﬁmemiayers and
the Iike asla‘ﬁ@'Zb o@c?lyi%!: Egoldlsﬁajfz%e @quu (Qél&%f{: l%ler MFELHISCELSS als 'ﬂ&!& Haqgepcg:scgs@gd or nore
sem conduct of devices such as transistors, tors, resistors, and the

| i ke (not shesf§lectiEdpyesisdpmee pk ‘i/“vlut“l*i?em%t@rﬁsc’éh‘@héﬁ%“ i st Br@asiof | not be

shown in subﬁlamu@mhccalremtag@u J@elspgmmgﬂ ly}% E@@&darsﬁom ab@gloreed froma
netal such Ver r other conducti ve

S e un um
netal , and Eﬁglf Eﬁ”m$ﬁ5mgﬁﬁdﬂ%TW¢%WF@&PﬂpgmHﬁ?“ﬁ@g@bﬂﬁﬁg?@H%F6a&ther
under | yi ng Wé&&uﬂesm@momoshmmnﬁmmaudh<mmnmﬁhﬁrmHBMaiahmﬁqaRcyhﬁﬁ; cont act

e e blanfd Aol BRLOAR ok Ao e sHRARHAL RS B oFL ;) 3 N
f or med and_ﬁ@ﬁ@@@ﬁ@dnm@ﬁﬂaﬁﬂ1msmompeﬁmhglQﬂmmopmﬂmmeMeﬁ@gmn@mmmstructure
(e.g., avi ?&m!ﬂﬂnﬁ hg Bk ali8Chill Gay AYEle iMuldti APER! Reus2h [)?§11J1 Ollglr[?sd in the
dielectric Tayer where the placé-efficient capacitor 48 14) is to be
formed and tFIEKFoRE™ R o hluet Vobast @ariliy and qhw stpcrespe ‘l‘dr*ﬂyé g of or med by

et chi ng t hemdicedkeprbidugord @yﬁés au]su ngua;ﬂ[s@tgc Iaa;iagzom a@@m sMCie dge (foor exanpl e,
a reactive i,on etc not il ustrated, may be used

fo Taci |1t al8 Phdobe bRy %% B eSS %gﬂw g IS e PRFRIT ARFSH G 4,

the first ph@ngESHSKmﬁayﬁﬂﬁMQNﬂGﬂDMﬂﬂM&ﬂ®OthmQMbSUTakﬂmkslm@ﬂﬂieaned
[00171 Refe F ion | ayer
(ODL) 28 | S{lplhﬂg]] 9}(//)}’:\:/ ?id (L %u %n& E{l ell'{’%]ai and ﬂ}@é@%gﬂ?%og:f{ﬁdg‘%gh#g%w ng the via
openi ng 26. WTH@WGPEf¢aW@rwﬁw5war%%@§%ﬂﬁéﬁm@p)sumﬁacéwoﬂwmhémbnwegrated
circuit foraﬁman%pql@mﬂﬂqQ§§¢§ﬁMbgmg&£§2 to be fornmed over a top surface
of the organlc pl anari zation |l ayer. Using known |ithography @Tocesses
second openiHH13$£ﬁ§m€dPﬂé§Saﬁd“Haﬁ¢é¥%@ DGV PW@*§@&dﬁﬂ*ﬁﬁ@t dsf st and OPL
| ayers (Fl Ghofyesist hy}:r abys ﬁ“(ﬁ!tlﬁﬂilhlfdlgpaGBhed, fonatfefﬂo@l:mmgnzzam l&ﬁ)pﬁéac(ﬂ%ctl on of the
via opening, The s 100181

Ref erring s‘i%‘é‘&““f“u(%él f "““%8 ‘ﬁ@'eg}“c éyebggt"ia qp%%%%ﬁ “8‘5 gt iy 8‘6 Fihch) 36 is
et ched |ntomwhew@wememmmwﬁmkayammanwﬁgbﬁlﬁﬂbne@b®ﬂmmutmﬂt@enﬂumm¢ve feature
(step 25 i nC(J!:!‘IL@lIVé)balllllhﬁlchIEl S&L{r i€ ﬂ]n XCF’E) %@h:} gll{%atfl%[&ﬂl[c le(,?tuﬁpg?gn st Oppl ng
just below the top surface o dle ectt arti al
openi ng 36. “¢W€iﬁ%ﬁ@f%ﬂl@p@hﬁﬁ@W$sﬁﬁ@WW@d0®FKhﬁ@bidbl@Wi%%EMW¥awbpenlng and
transverse {ii@aRY,ay bORPRM iRt m@@ﬂamrggom& i8R, VB &arfing to FIG. 4,
subsequentlé%Porned first conductive er .serves as a bottom capacitor

el ectrode ﬁ@@@@ﬁﬂ?#@?*ﬂ@@&W?B@HmC%ﬁ gt eickfpeni ng i s ani sotropically
etched using, for exanple, CAF6/Ar/ O 4etch chem stry. 100191 Referring now
to FIG 8, nethod 10 continues by depositing etch resistant particles 38
overlying the second photoresist |layer 32 and the dielectric layer in the
partial opening (step 30 in FIG 1). The etch-resistant particles serve as
a non-continuous etch resistant mask (i.e., a porosity mask) |eaving space
on the exposed top surface of the dielectric layer in the partial opening
corresponding to | ocations where the underlying dielectric material is to
be etched, as hereinafter described. In all other regions, the
etch-resistant particles physically block the etchant. As used herein, the



opening 52 (step 40 in FIG 1). By etching the dielectric |ayer using the
etch resistant particles as an etch mask, an irregular surface of increased
surface area is created. The extended partial opening 52, as illustrated,
includes at least first and second portions 54 and 56, separated by the via
opening 26. O course, depending on the density of the deposited etch
resistant particles, other portions simlar to portions 54 and 56 can be
created formng an etch pattern. The etch-resistant particles can be
smal l er than the resolution Iimt of nornmal photolithography and
consequently create an etched pattern having greater resolution than could
be obt ai ned[obynconﬂ:a-ntgi;ﬁwab I[I;mt‘i(lluioﬁé”lhoiglﬁﬁﬂlhymc Fh@Rkangn A@UORL )t I3es

et ch-resi st i.cl es ut n a wet etch to extend the
parti al opeﬁ?’e VﬁEMﬁa§$gg§gP$k%mdFE§“ H@F@& %%PWWWézgh@mgﬂﬁlﬁﬁéd partia
openi ng, thﬂm@bwsMde@asanMHheme®®e¢knw@{@nﬁaamdmhm@tﬁdL@@aMHohcas

her ei naf t er c descri.be a 1 | openi ng
i's seIectedoté'becsug%%%E%Fgﬁhﬁgg%ghb 3@%3 M§Rktotgﬁgk %ﬁh&h i‘%”fected to
etch the di BPeersdcedonyeeninnft rorpehpldeitangd ihige pagprdtrbpioretig hich@Plst ep, t he

integrated gideuid. 6@@1&?@%& 5011%$111L, bbU$tatefthi88ad WpdlptioPar tlNE, 5&&!1@%6 bel ow t he
et ch- reS|stant particl in their shadow) are either not etched, or

etched | ess “nF§H§WWET?”mﬁﬁékﬂW@WgéﬂﬁﬁﬁﬁFayer is etched around the

et ch-resi st mmsl p®etoirik @fcctiioallynd rm}juc&panar @ﬁmtlgy(ug,ma@e[ﬁdn)emuttf:l&aan@f t he
dielectric |a NnGreasi he e t|v capaci t or occupyi ng
nore space oﬁ%ka“cq e’?@ﬂ%d‘%??@ﬁ?% gmgvpﬁdﬂﬁﬁﬁgj sz)%h% as
shown i n FI &legjc lpyer dhaﬁomantcally 2OR Bhopiing it tiche tharop hefacebtﬂhe diglesitiep is

conpl eted, the £kehreshet ant, th J | oresi st

| ayer, and t 1 O[,t £§ér %%EPEQB ﬁdﬁﬁml%ﬁﬁﬁeﬁabggga%ﬁ?ﬁgqg#@pgénnved to
| eave a pat@@?%&ﬂdeEW@é%WW@OP%W@W“ﬂ?WWH@ﬁﬂhgmﬂdugﬁéﬁ@ﬁmmﬁﬂhﬁwm@?eased
surface arems@®nduetiShyentpdds | bsna Fdtfan cl&cﬂd?‘%]eamd@dls REENIRM&LHibed NBe Pat t er ned
dielectric Ia has. in crease orosity and roug@ness and therefore an

i ncreased a%T%V@EQP ﬁaWﬁmPW&i@fg@ﬂd@BE ACTARIC BEERT Ry 8PP epiEi™vi a openi ng
relative toj0oig FREEH ap @«b\eﬁb MG e, eethod O domyrass.by 11%&211;_, dRﬁfl@l’sﬁhﬂ]gttllﬁéN to FIG
'3-?1-6 g?telhggtjl;‘lg?%\l% yn;}se (le‘lsee%o ft(()nresmlr?;gmﬁg c%nfjﬁhe cF(Pec n q GI m lifc péﬁml %)grﬁ(r?%gr |5gl gﬁd
vi a openi ngs26 andr %‘odﬂ a"ﬂmlcn?g I@Gtadumudpe Sffle‘aasur eonl<_&1t(tmbte|@u500msmnFl G I1).
The first Ctgﬁq ‘(‘iQ:t 'a\f)gl OL @yﬂslc)mlnggpage SH lﬁ]g H\%bsg@t %i’nlﬁicc;egf t!}- 85011101_ first
conductive |layer sinul taneousW¥ serves as a nme I ner for th partlal
openi ng (e.’§.he partiel RriRg cogRmovg D EHiong irrdhewinde i et matesallipwer
capaci t or aba;@t HQEE B heledRRerRleSaribdd )in dThﬁm%ﬁ,ﬂ)‘ns lth@En-RaASar® phibiekness of
about 5 nmu t a conductive material such as,

f or exanpléﬁgi?$éﬁ#ﬂh@ef£%ﬁhﬁﬂﬁvaﬁfFpgg”Wﬂ FhEHTREPAPITE EEEIARE area of
t he | ower 0@@acm$nnpmms¢wmadeunmcwmﬂeamﬁh@mLmneguhammsuﬂm&ca@amaa of the
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FIGS. 13 ard i“lf‘éaﬂ%%ﬂ‘ k) S‘B’r‘fi i“ (B RR o DR §H§°&%‘Hﬁ‘ cohalictive | ayer
49 overlyingmuh@n@abacnmmraﬂﬂsﬂ%aammgwhaMGWm46‘&nmﬁmﬂnﬂgsﬁxﬁkmmgbthe

ext ended p Nip n I 1 FIG 1). The second
conduct i Vea({ug$ g%aﬁaﬂ% IR(%E ?cl gfiY}!: g(% 8@‘?% g: O? aﬁ?dZth lt&% material such as,
for exanpl d““@bpﬁ@”ﬁ“l“% torides. é’rtlnd &b, umeihadi hg C@lﬂlﬁ%b}f fugf@ll eltchllandc diblectlid ke. For

ease of il lyst i@l tﬁ’d"@[cli th§51§@$ﬂﬁnqgscagﬁ'QH%dm\{@pl oft¥&ist lﬂ}%z 'assansuh@lv}%sl@-ﬁ) a single
| ayer, but it s to be understood that there tional netal |ayers

that may b&*EBT PEAVIH IPEIRY feeer tﬂéﬁ@ dleﬁeﬁ@c flaiéy fpfnrlve ?Fa‘t’*éﬁ“i‘%lpdifﬁl the
extended partial opening and the via épening forns the upper plate of the
capacitor (i.e., an upper capacitor electrode 62). The excess netal is
renoved, for exanple, by a chem cal nechanical planarization (CMP) process
as known in the art to renove netal overfill form ng the upper capacitor

el ectrode 62 of the place-efficient capacitor 48 (FIG 14). As the surface
area of the partial opening has been increased by use of the etch-resistant
particles, the netallization area within the extended partial opening has
been increased, thereby increasing the surface area of the | ower and upper
capacitor el ectrodes and increasing capacitor capacitance. The surface area



100261 Wile at |east one exenplary enbodi nent has been presented in the
foregoing detailed description of the invention, it should be appreciated
that a vast nunmber of variations exist. It should al so be appreciated that
t he exenpl ary enbodi nent or exenplary enbodi nents are only exanples, and
are not intended to limt the scope, applicability, or configuration of the
I nvention in any way. Rather, the foregoing detailed description wll
provi de those skilled in the art with a convenient road map for

i mpl enenting an exenpl ary enbodi nent of the invention, it being understood
t hat various changes nmay be nade in the function and arrangenent of
el ements desgdingend (wp am ireXENP). aBY RO the MRIMNc M 138O Wing P BER FdRigtaiir om t he
scope of thea%g%ention as §et.f9!rh iF thg.apgqueg'cLainB‘gng,%helr | egal
equi Val ent S.p 1} SAZfSI\% Wal{]asl(,saﬁcl'lgqu atll age Of nereased surface %\C%tc‘ﬁ}da f 1rb
fabri cati ngegemdehpeig gieedg 61. peiliidrafadvnohgesat phade: efifstconemtticapbciit or
conpri st ng. s¢ separafte(arbrptl%g/i?opQEiﬁ# §& tdf'cgurge?‘&%'énd?néeorn!tp(el dsi o?ﬂ@qiléé: Fsil{e ef efat ure
on a seni conductor substrate; formng a’via opening Into t e‘ﬁle ectric

| ayer to exﬁ@%éﬁ%m%d@$¢%%O@WWﬁﬁ@mﬁ@ﬁgmélWw%m$éﬁwﬂﬁéﬁmevuwwWéf@mbﬁrtiaI
]Qpetni Ng int gn &L pelich]. eChd Lidh-LAXRT pARLesPQS itk IsRRRY 1AW Qe fhfuBRMHkCI Ve

eat ure;

normal photolithography and consequently create an etched pattern having greater
resolution than could be obtained by conventional photolithography. Etching around the
etch-resistant particles is performed utilizing a wet etchant to extend the partial opening and
increase the area thereof forming the extended partial opening, thereby increasing the
effective area for metallization as hereinafter described. The material for the OPL layer in
the via opening is selected to be substantially etch-resistant to the etchant selected to etch
the dielectric layer. After completing the further etching step, the integrated circuit appears
as illustrated in FIG. 9. The regions below the etch-resistant particles (i.¢., in their shadow)
are either not efched, or etched less intensively. The dielectric layer is etched around the
etch-resistant particles to introduce porosity into the surface of the dielectric layer increasing
the effective capacitor area without occupying more space on the integrated circuit. The etch
pattern may be ideal, as shown in FIG. 9, or chaotic,
[0021]  Adfter the further etching step is completed, the etch-resistant particles, the residual
second photoresist layer, and the OPL layer including within the via opening are removed to
feave a patterned dielectric layer 42 that is roughened with increased surface area as
illustrated in FIG. 10. As noted previously, the patterned dielectric layer has increased
porosity and roughness and therefore an increased active area in the extended partial
opening 52 and via opening relative to the pre-etched diefectric layer.
[0022] Referring now to FIG. 11, method 10 continues by forming a first conductive layer
44 overlying the dielectric layer including within the extended partial opening 52 and via
opening 26 and contacting conductive feature 18 (step 50 in FIG. 1). The first conductive
layer may be a diffusion barrier fayer. The first conductive layer simultaneously serves as a
metal liner for the partial opening (e.g., a trench) and via opening and will constitute a lower
capacitor electrode 58 (See FIG. 14). The metal liner has a thickness of about 5 nm to about
20 nm, and is formed of a conductive material such as, for example, titanium, titanium-
nitride, or the like. The surface area of the lower capacitor electrode includes the irregular
surface area of the extended partial opening and the inner surface arca of the via opening,
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depositing etch resistant particles overlying the dielectric layer and in
the partial opening; further etching the dielectric |ayer using the
etch resistant particles as an etch nask to extend the partial opening;
formng a first conductive | ayer overlying the extended partial opening and
el ectrically contacting the conductive feature; formng a capacitor

I nsul ating | ayer overlying the first conductive |ayer; and formng a second
conductive |layer overlying the insulating |ayer. 2. The net hod of
claiml, wherein formng a via opening into the dielectric |ayer conprises:
form ng and patterning an opening in a first photoresist |layer. and etching
the via opepizny. Rcfcning to 31G. The membh od cofinek a/istmﬂhmsﬁgwzeabze,nmCieﬁMii1;§i ng after

e or M98 e ORELL 19 S BELRLRR LA ARN ) B SRSk 1 | ayer
i ncl udi ng fékchinpagndtvivecpwiiag ERRAY g ICJf or memgada!toseslﬁmdg photroyesifeted ayer on
the or gani cppl BOAKALZ AL AR, LANEE: (P ke AT QLI 0GARE. PALLEILN A9 @ second

openl ng in the secon phot or esi st yer
lower capacitor electrode and an upper capacitor electrode separated by the capacitor

insulating layer, as hereinafier described.

[0824] Referring to FIGS. 13 and [4, method 10 continues with forming a second
conductive layer 49 overlying the capacitor insulating layer 46 including filling the extended
partial opening and via opening (step 70 in FIG. 1). The second conductive layer is a metal
layer formed of a metal fill material such as, for example, copper, tungsten, aluminum,
silver, gold, and the like. For ease of illustration, the second conductive layer 49 is shown as
a single layer, but it is to be understood that there may be additional metal layers that may
be formed in multiple steps. The metal fill material in the extended partial opening and the
via opening forms the upper plate of the capacitor (i.e., an upper capacitor electrode 62).
The excess metal is removed, for example, by a chemical mechanical planarization (CMP)
process as known in the art to remove metal overfill forming the upper capacitor electrode
62 of the place-efficient capacitor 48 (FIG. 14). As the surface area of the partial opening
has been increased by use of the etch-resistant particles, the metallization area within the
extended partial opening has been increased, thereby increasing the surface area of the lower
and upper capacitor etectrodes and increasing capacitor capacitance. The surface area of the
upper capacitor electrode includes the inner surface area of the extended partial opening and
via opening. The integrated circuit having the place-cfficient capacitor can be integrated into
a muiti-fevel metatiization package. Thereafter, standard processes may be used to complete
fabrication and packaging of the integrated circuit.

{6025]  From the foregoing, it is to be appreciated that the integrated circuit having a
place-cfficient capacitor fabricated in accordance with exemplary embodiments achieves
significantly higher capacitance per unit area on the integrated circuit. The effective area
between the capacitor electrodes is increased, enabling more cefficient use of the chip area,
particularly useful for high density DRAM arrays. The effective capacitor area is increased
without occupying more chip space by increasing the surface area of the dielectric layer
between the capacitor electrodes. A higher number of semiconductor devices may be
integrated on a given area of the integrated circuit or higher capacitance can be achieved for

a single semiconductor device.



| ayer. 4. The nmethod of claim 1, wherein depositing etch resistant
particles conprises depositing etch resistant particles fromthe group

sel ected from porous polyners, organic or inorganic particles, and

conbi nati ons thereof. 5. The method of claim 1, wherein depositing
etch resistant particles conprises depositing etch resistant particles to
distribute the etch resistant particles overlying the dielectric |ayer and

in the partial opening. 6. The nethod of claim11, wherein further
etching conprises further etching an ideal or chaotic etch pattern into the
dielectric |ayer. 7. The method of claim11, wherein formng a first

conductive |oay@r ermﬂ il&aSont examphgy ant@inght hak BEdh. ptcsented m tBe foldpeinget hod of
claim7, wh irst cond _ ses form.ng a | owner
capacitor e %%%?61 “ﬂ%"qﬁgméHWPF?%g m’sﬂ?f%”y”kp &ﬂ V?h&wa%? &hded
parti al opemﬂmgmandﬂWnamdp@hmngmmeMmdmﬂQMﬂihaﬂwebmmdhmﬁu@d%wmmﬂy wher ein
formng a Saﬁ’l:g)'a eﬁ@qg%w & nnLl@sy%{d d%/ﬁ(ft 11}{%11@&1 ttoh% If He yéo?et ﬂ'ﬁ’z i)%{ o CONPrises
formng a nmetal [ayer overlying the iInsulat |ng ayer Inc 8 f||||ng t he
ext ended p afanf 1w1at@b@ﬁfhﬁglwtph ingargretaz| Rpgher) thppfaregiojng [detailed descnpho]govsii A met hod
for fabricaphibfge @scisBlQGR 8@ Wit W CHivbni DRYdB Gaf tPhAGEnBTild &l LB p1fAPACT t OF
conprisin
P g embodiment of the invention, it being understood that various changes may be made in the
function and arrangement of elements described in an exemplary embodiment without
departing from the scope of the invention as set forth in the appended claims and their legal

equivalents.



formng a dielectric |ayer overlying a conductive feature on a

sem conduct or substrate; formng a via opening into the dielectric layer to
expose a portion of the conductive feature; filling the via opening with an
organi c planarization layer (OMnmaterial; etching the dielectric |layer to
forma partial opening positioned over the conductive feature deposi ting
etch-resistant particles over the dielectric layer in the partial opening;
further etching the dielectric layer around the etch-resistant particles to
extend the partial opening form ng an extended partial opening; renovi ng
the etch-resistant particles and the OPL, material wthin the via opening;
formng a | ower capacitor electrode conpu$sing a netal liner within the via
openi ng and“%m%uﬁﬁtQngd partial opening; formng a capacitor insulating

. me . . . .
| ayer overlying e netal liner; and form ng an upper capacitor

el ectrode conprising filling the via opening and the extended parti al
opening with a netal, Tn-lailhtgd fﬁpftaﬁ'rciﬂﬂxlg'an integrated circuit having a place-cfficient
capacitor comprising:
forming a dielectric layer overlying a conductive feature on a semiconductor
substrate;
forming a via opening into the dielectric layer to expose a portion of the conductive
feature:
etching a partial opening into the dielectric layer and positioned over the conductive
feature;
depositing etch resistant particles overlying the diclectric layer and in the partial
opening;
further etching the dielectric layer using the etch resistant particles as an etch mask
to extend the partial opening;
forming a first conductive layer overlying the extended partial opening and
electrically contacting the conductive feature;
forming a capacitor insulating layer overlying the first conductive fayer; and

forming a second conductive layer overlying the insulating layer.

2. The method of claim 1, wherein forming a via opening into the dielectric
layer comprises:
forming and patterning an opening in a first photoresist fayer; and

efching the via opening.

3. The method of claim [, further comprising after the forming a via opening
and before etching a partial opening:

forming an organic planarization layer (OPL) overlying the dielectric layer including
filling the via opening;

forming a second photoresist layer on the organic planarization layer (OPL); and

forming and patterning a second opening in the second photoresist layer and OPL

layer.



11. The method of claim 10, wherein formng a via opening into the
dielectric |layer conprises: formng and patterning an opening in a first
phot oresi st |ayer; and etching the via opening. 12. The met hod of
claim 10, further conprising after filling the via opening and before
etching the dielectric layer: formng a second photoresist |ayer on the

OPL, material; and formng and patterning a second opening in the
second photoresist |layer and OPL, |ayer, the partial opening extending the
second openi ng. 13. The method of claim 10, wherein etching the

dielectric layer to forma partial opening conprises etching to forma
parti al openi ng 4 r anivengied bicldihe, wicairofgeiting etch resistant particles comprises

depositing etch resistant particles from the group selected from porous polymers, organic or

inorganic particles, and combinations thereof.

5. The method of ¢laim 1, wherein depositing etch resistant particles comprises
depositing eich resistant particles to distribute the etch resistant particles overlying the

dielectric layer and in the partial opening.

6. The method of claim 1, wherein further etching comprises further etching an

ideal or chaotic etch pattern into the dielectric layer.

7. The method of claim 1, wherein forming a first conductive layer comprises

forming a metal liner.

8. The method of claim 7, wherein forming a first conductive layer comprises
forming a lower capacitor electrode having an irregular surface area of the extended partial

opening and via opening.

9, The method of claim 1, wherein forming a second conductive layer overlying
the insulating layer comprises forming a metal layer overlying the insulating layer including

filling the extended partial opening with a metal i1l material.



14. The method of claim 10, wherein depositing etch resistant particles
conpri ses depositing etch resistant particles fromthe group selected from
porous polyners, organic or inorganic particles, and conbi nati ons thereof.
15. The method of claim 14, wherein depositing etch resistant particles
conprises depositing etch-resistant inorganic particles selected fromthe
group consisting of platinum gold, carbon, and conbi nations thereof
16. The method of claim 14, wherein depositing etch resistant particles
conprises depositing etch resistant particles with an area coverage of
about 20% to about 60% 17. The method of claim 10, wherein further
et chi ng conpri ses. f uktamsd ©f hidBghgan indedd céuithaet 4 gaekGbicRattern into the
dielectric La&%&:om i 18. The method of claim 10, wherein formng a
| oner capacitor el e€t?Bde conprises formng the | ower capacitor electrode
havi ng an i rr egitramgsdrfcacie laarregergfngt hendextive frdied opasdiiahndepeni ng and vi a
openi ng. substrate: 19 The nmethod of claim 10, wherein form ng an upper
capaci tor electrode conprises forning a netal |ayer overlying the capacitor
i nsul ati ng | ayerforiHg[ayeongiteiptp [ giclepiec rye opeet agorEeTe thseondwttisnded parti al
opening W t hatfae metal fill material of the nmetal |ayer. 20. An
integrated circuit having a pLaqe-efti%ien;)capaqitor conpri si ng: a
| ower capacit or "EI"8E¥ BRI reds pardcatpnlayeE Gfde MeEdof an i nner
surface area of cahiexthetidedripaye todbrmapaniangcanépaitivica oapencagudios med in a
patterned dkghgptric | ayer on a sem conductor substrate;

depositing etch-resistant particles over the dielectric layer in the partial opening;

further ctching the dielectric layer around the etch-resistant particles to extend the

partial opening forming an extended partial opening;
removing the etch-resistant particles and the OPL material within the via opening;
forming a lower capacitor electrode comprising a metal liner within the via opening
and the extended partial opening;
forming a capacitor insulating layer overlying the metal liner; and
forming an upper capacitor efectrode comprising filling the via opening and the

extended partial opening with a metal {ilf material.

11, The method of claim 10, wherein forming a via opening into the diclectric
layer comprises:
forming and patterning an opening in a first photoresist layer; and

etching the via opening.

12, The method of claim 10, further comprising after filling the via opening and
before etching the dielectric layer:

forming a second photoresist layer on the OPL material; and

forming and patterning a second opening in the second photoresist tayer and OPL

layer, the partial opening extending the second opening.

13, The method of claim 10, wherein elching the dielectric layer to form a partial

opening comprises ctching to form a partial opening transverse (o the via opening.
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a capacitor insulating | ayer overlying the | ower capacitor electrode; and
an upper capacitor electrode conprising a netal fill material filling the
extended partial opening and the via opening and having a surface area
conprised of the inner surface area of the extended partial opening and via
openi ng.

14. The method of claim 10, wherein depositing etch resistant particles
comprises depositing etch resistant particles from the group selected from porous polymers,

organic or inorganic particles, and combinations thereof.

15, The method of claitm 14, wherein depositing etch resistant particles
comprises depositing etch-resistant inorganic particles selected from the group consisting of

platinum, gold, carbon, and combinations thereof.

16.  The method of claim 14, wherein depositing etch resistant particles
comprises depositing etch resistant particles with an area coverage of about 20% to about

60%,.

17.  The method of claim 10, wherein further etching comprises further etching

an ideal or chaotic etch pattern into the dielectric layer.

18, The method of claim 10, wherein forming a lower capacitor electrode
comprises forming the lower capacitor electrode having an irregular surface area of the

extended partial opening and via opening.

19, The methed of claim 10, wherein forming an upper capacitor electrode
comprises forming a metal layer overlying the capacitor insufating layer including filling the

via opening and the extended partial opening with the metal fill material of the metal layer.

20.  Anintegrated circuit having a place-efficient capacitor comprising:

a lower capacitor electrode having a surface area comprised of an inner surface arca
of a extended partial opening and a via opening formed in a patterned dielectric layer on a
semiconductor substrate;

a capacitor insulating layer overlying the lower capacitor electirode; and

an upper capacitor electrode comprising a metal fill material filling the extended
partial opening and the via opening and having a surface area comprised of the inner surface

area of the extended partial opening and via opening,



