; N _e3eaeabl 6RT@CSELF- | NTEGRATED VERTI CAL M M CAPACI TOR I N THE DUAL
DAMASCENE PROCESS BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE | NVENTI ON
The present invention relates to nethods of fabricating a

met al -i nsul ator-nmetal capacitor, and nore particularly, to nethods of

metal -i nsul ator-netal capacitors integrated with copper damascene processes
in the fabrication of an integrated circuit device. (2) DESCRI PTION OF THE
PRI OR ART Capacitors are critical conponents in the integrated circuit

devi ces of today. Metal -insul ator-netal iM M caﬁacitors have been used in
the art. HOWEVER I EERHGREFRHCAS UHT S 2eXTR TN Fifwd i Ihuge copper pl at es

| arger than about 8 to AT EY O i O&FeS pol i shed using chem cal nechani cal
polishing (CWP), s i shi Therefore, big MM capacitor plates
wi t h di nmensi ons grg}é%&@h@nbg%}%ﬁg(]@%o ns are not possible. 2) Packing
density,j $dtffdcult L@ dpcpgase W th passive devices present. A way to
overcore (NI S probl gny | JB8: CASRQL §ARAGLEDTS, Ik Loyl ney ease the

capaci $aNGe.pehy lanhgtéli%@rsuﬁté\@rn%tﬁaﬁa %%tégfﬁéddomfe mask is required to
procesgsaa ;MM £apacht ALeddist BE LHAREE H DACKERDr0CeSSa i, S | NCreases
processn€Rghted wilth E65)CAabhs ARV LSS JBE hed Ok 5P HHNGna M M capaci t or
whi ch erenConeStdhesecPrhkessyiA nunber of patents address M M capacitors.
U S. Patent 6,271,084 to Tu et al shows a MM capacitor in a dual danascene
openi ngz) mescROpmen os Tt paser.ARY. S. Patent 6,143,601 to Sun shows a
tungsten M M capaci tepacildods £ed eiti tbc2bFohd8némxsAdhethet al teaches a
copper iMedreapdaiitranit hitviices pat ttexdaed. Mdt3l-Padidnrtcob 31244 to Al ers et
al teathes ftepmiiigra MW tepacid«r inntlze dual dévveseeneaopeni ng where the
bot t omeileet pOderabdnrps isdsta bhr fihen medeaalcopbet Hlzeewpprergegl ectrode is
copperthii ehovs Hltanap indedonsi e OVPLskoheweny tHemdceapaci tor takes up both
verti ca¢chandcabriczdahbng s(F¥EL, arryergsdishiingedcdumsxi bility in design of the
capaci tTeareiors, Pat WA @rasdtagPliiasea) vkieén dérengiafivodredtret al trench
capaci ¥ 10, 5 1pgienens aa25nob@ass iekedi #o BeckingdPsesbsedsa M M capaci tor
wi t hi i HeBht e HBGESETe Yﬂléék}é@%l&fﬁr%‘fﬁceﬁagrﬁ%ﬁé&-pr%waeymtion this device.
U S. PAIEee ety Pogal ¢ 1R 5hT kAR 8t GAP2c6tP5Y,“795°t 0 Lou, and 6, 069, 051
to Ngu%%jfe@f"e NS iCERE DR WEMP R EEt BF SR - U3S, YPER dHRm6%R9 7, 747 to Shao et
al shoyk l&i M GHisect T g And g, ¢ é’lroﬁ‘éﬁas?cg[ﬁ@ %?Q?r?é%gf‘ Butt®he capacitor is
ot of P 6O G eb i Wit n_ & HatbESEene. JERTRY., 4" SUNVARY CF THE

| NVENT], ASQQ&?H@QPQ{MAJ 'S, 8 prinary ot B 6t e SPRVENtFon to provide
an effective and very mandf act ur abl e process for producing a

met al -i nsul at or - et al , gapacikor. . Apat hey, Qi feh of Lhe,present invention is
to proyigle pae 0Bt h0d+h 0fgd Al kgald g 2, 4Rt 3l Mmsyfdpifc%-mt al capacitor

havi ng; 4 RCLEAS EfhnedPakL LRGNy, Y lutaROLAES i%bh%tu&fd.t%e present Invention
is to proviedeese MEUB9dsd0rof 8K IGRLLNY Ahdshehaased capacitance

net al -¢dpsidliaber - Ekal peapacist 959 USisngo athiidt egrat adaeqpper dual damascene
pr ocess.coppburthercapbi &0dr ithat 0 PrAtdena.method daeenfabri cating an

i ncr easgxbocapacid anees ned all- tastHaat abriBipla Rapacidaeitesi ng an i nt egrat ed
copperiduakudamseenenpraeassg Weirel aherasion angttdoabi ng are avoided. In
accor danmgpeiwks he thherodr ecttalpf bithitael ayeit iedacteodeetibod for fabricating an

I ncr eas@gbecapatdlt dncplaretdlzed nssilrat OMP netiwiwegapadittier using an i ntegrated
coppercahzgl tdansesesnep fratessriiscadchhévied:izAnfa Y stpadeaindlanascene openi ng
and a pa Ainfitekddrdidukltvdanedesdge operiengsprasktqpr.ovided in a first

di el eckaticat] ayEr®.g¥ér tyiMgkansethlr ahew aTethirstenahd second dual damascene
openi ngRP3EAECT | | IYed - wWFaterd £i P31 C6ppercampier sheriedhselmsesi |l ed first dual
danmas ceiEMofari Hg-oForhElia Pofrendt eflevtiifdet lamraehevfretted pair of second
dual d¥HRSCeALTBIEATNYS FenEew 55ai r Vot - cagaentore-&Pécttodes. The first

di el eci¥id*PU ST B eb chdd 7dvialr Fetwedhf th@°Paf?! 3P Naper €6r el ectrodes

| eavi n éil§§é R %g\/@%ﬁ?ﬁcﬁlﬁ&rgai Y -6F (fgl% =1 6r Ll e’y 68e¥2°The space bet ween
t he pa%l eac a czi BF SReGE ge%“q N ]téjd’t PR ITPGR Wi &%ctric const ant
mat er i al° £6°Conpierd FADACERET OB CHeVErHtCAr MKTEAFET tor in the
fabrication of an int egrated circuit device. The fabrication of the
capacitor can begin at any netal |ayer. The process of the invention can be
extended to forma parallel capacitor, a series capacitor, stacked
capacitors, and so on. BRI EF DESCRI PTI ON OF THE DRAW NGS

1



In the following drawings formng a material part of this description,
there is shown: Figs. 1 through 6 and 8 through 12 are schenmatic
cross-sectional representations of a preferred enbodi nrent of the present

i nvention. 2 Fig. 7Ais an isonmetric view of capacitor electrode 52 of
Fig. 6. Fig. 7B is an isonetric view of logic interconnect 54 of Fig. 6.
Fig. 13 is a schematic cross-sectional representation of a preferred

enbodi ment of the present invention where a buried etch stop dual damascene
process is used. Fig. 14 is a schematic cross-sectional representation of a
second preferred enbodi nent of the present invention. Fig. 15 is a
schemati ¢ cross-sectPOHRY PEPTESMVENTEM of a third preferred enbodi ment of
t he present |nvent|on SCRIPTJCN OF THE PREFERRED ODI MENTS The process

of the, present i n\éjerovfﬁ g&gi djets le? o5 or P4 ‘:‘hg an i ncreased

capaci E ance et af {Asurar or - meﬁ%i l(nsu%t ’_sﬁsé’%mﬁ?%aglg%ﬁ@ sel f-int egrat ed

u
copper PdUAl” “danascene process. S Process *stch as copper surface

unevenness, h| I I ock i d e the process of
the i nyentiQ Ergfi‘)rﬁ%% §§§&§tertﬁg gﬁ} =ar Pﬁveqm\&ggafnt )égr ated into the

copper c%@élt @”@éﬁ%@elﬂé%%%é r&gandLgss. OPL lsﬁe %ﬁ-g [~ darascene appr oach.
For exarple, 1) buried etch stop approach, 2) clustered approach, 3)
Partial via first appeo@tdinet)obidde Ykachd psbsapprigdeheidy) iki ne first
approaeh,prandds 0. RtABY fe ¥sBdicdiahgr &h NGidIewssMIpRaltdel arly to Fig. 1,
t her e hst8RaWBuBe RAhbadl afatPt et @dihftfgriategrLidacubppslevi ce.

Sem coadhictdamasdeaecerstedict ures are fornmed in and on the sem conduct or
substrate 10. For exanple, gate el ectrodes and associ ated source and drain
regi ons, not shown, amayriierf abjecatiedto T vien g ordhotiofodevi ce structures
and anfamsigh&tinmard ayeredwdnedpddigreeovenetale inepraentnededy 14 in Fig. 1.
An i nt erpastigbrdisiraceni intdavBred ayrpre20dusl depoastdaredproversd ayer 14. The

di el ecvrexsinagees X0 ray deshdnbi zon adpétedie, tetraet hoxysilane (TECS) oxide,
CORAL, Black D anond, and other low dielectric constant (k) materials,

havi ng a thi ckness 8F BREHSSRCADBLY aheeabinshdred e a few t housand

Angst r SWEERTERPs 3 BpdRodhnn dabelertiog af elreeerfed Comscam Gt eri al having a
di el ecBFtEt &Bﬁ‘éi%f'rﬂr“B‘thFJe@Ptaﬁéﬁo%b’ﬁ&f’g4an ADPRBSRAIRE FaPRST 22/ 24 is forned
over tfiI%BrEETTIT pIIS& k%‘qud% thi&sh 9% GPraSeRA  danascene

315 #E1 i et che 26
¢ PSQ'SP%;?V%& 3 g e a;;?éfﬁrz%"%;‘ig&agtw% gf%%cpgg' over | es and
under gD Wt o |Zaye The net hod of

contacts:a
1irst

whexr

transfgﬁﬂé g EDE, Lgalogiagr%ccs@s Ipécttegﬁd'&e f&*ff o %;@Ci '€ layer may be
any of an ?’Ha!m%@@ nd %ﬁg@sfo%ﬁ };L”e first, with or
W t hout, a1 ,eheh st@R, rapd eggctmwlage alrrle@{:h ayer 30 is deposited
ConforH@%Je)énWtﬁQ'ﬁblr Sfo@ﬁ}'cﬁgogﬁale%%rb&éélsﬁe%@lﬁ d @pébg 3. The barrier
met al  LaylenMeNe GRS beecd@Rl abHM U-ttadd Al URLBI {gddepfeeXanpl e, and
have atkdigekness &ipabetyean cabosde>qsandi R0 wABESE age. The dual damascene
openi ngidiedtich b esbn¥thht GRPAREH a1 SUC oAS1 BYe ElaBel ££PIAL bRYa Or el ectrol ess
pl at i ngertihaicoppeiapandtdhanbans i Rbrekalod ayesn alreepkabaii zed such as by
CVP t ocleare tbess:. ayes sSfamiliyawddhiof the dhpakidamaseenegapeni ng, as shown
in Figat3ny metal layer. The process of the invention can be

extended to form a parallel capacitor, a series capacitor,

stacked capacitors, and so on.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following drawings forming a material
part of this description, there is shown:

Figs. 1 through 6 and 8 through 12 are
schematic cross-secticnal representations of a preferred
embodiment of the present invention.



The copper damascene 32 shown in Fig. 3 is a typical interconnect. Such

i nterconnects can be fornmed prior to and after the formation of the
capacitor of the invention. It is inportant to note that the M M capacitor
of the present invention can be fornmed in any of the nmetal |ayers. Thus,
while the capacitor could be formed here in this first described copper
damascene, for illustration purposes, the capacitor will be constructed in
the next nmetal |ayer. Now, the vertical capacitor process of the present
invention will be described. Referring nowto Fig. 4, a second dielectric
layer 40 is deposit8d3ovHEr 1Eha" HFSHF &F SEEiofE FPacTher diel ectric | ayer 40
may be®bicE8Eni4 &f Faferf-al to the first di eI ectric layer, preferably
having a | ow dielectric _Fonstant and havin E'Jﬁ: ckness of between about a
few hundred and a f, Wt$&§§nan&F§?FF5h% v 5815 Frasking | ayer 42/44 is
f or med OVECPRE WISl 8Et T1E Iayer 40 havi ng patter ns for second dual
damascene openi ngs as shg/vrl The, %tatcecr: ié ansferred fromthe mask

42144 gt Lhe.dle) Ga0E i & Jiavees dh A LLISCr S1Ed KA Fig. 5. Again. the
pattermmog%gﬁne ﬁtpci LBLY 408 QA‘ %etngggeﬁ%%ggég ng any of the dual

damascgg; processes. amascene open| ngs 4 he el ectrodes of
vertical capacitors of the present invention. Dual damascene opening 46 is

a standard core | ogipggl Nt£GORNEG enmat OF B GOBEOHIANRt |y With the vertical
capaci t g% sehti P oeSeNedonveptd RirrelloMb i RaRE I tABtal ayer 50 is
deposi peskee@nfgvdrmliby. Wi t hi n the openings 45 and 46, as illustrated in 4
Fig. 5. The barrier netal |ayer may conprise tantalumor tantalumnitride,
for exanpl e, and hawvega 1hiickaesshepbhtbhetsean-abotiona@ and 500 Angstrons.
Wth thepeehtatious oddy aticienente Bfrriedchnialdgynt i 4 £ ithecpnesintabl e t hat one
day a beventéenpetal |ayer may no | onger be required. The dual damascene
openings are filled with copper, such as by electroplating or electrol ess

pl ating. The coppP&CRAAGIPhEFHERE i RREFFRRED HMBPRIMENTS pl anari zed such as by
CWP to | eave these Iayers only within the dual damascene openi ngs, as shown
in Fig. 6. The coppéPe|RsRaes520F dilits PEAeefeierticwapaeyids el ectrodes of

t he pr%s’%ert‘-thoFin@e’ﬁtﬁpat‘?ﬁlc ePD| @529 GIFCLEARCS tighdaT d core | ogic copper
i nt er cOMFHEEECT PR al?AMFIl“I FSPRSE e AFiIPYoetSlfcini¥F2f%0ne of the capacitor
el ect r GAREEBI2] SiRER 8‘?‘? |P6ﬁ°8?sf orpﬁﬁcast 5F1C‘é%tl§ﬁoﬁhc}1" % he figure. In
cont r ?ppetr °th )?[fqﬁgt‘ B?P’berss % gig: c%gd’e‘f‘ GRN8Tt“B4 shown in Fig.
7B, thg: V\ﬁéfieg i P]éocieﬁst@ ?i‘kbecr r’nng?n ‘??ﬂ eP THHIT a continuous
trenchd ca aC|tor el ectrodes 52
and thg %Q;BE 1E notler p}oct g er Q§ us %gégl ngs bet ween each
two of .1 teE é gog fiYias 65 are etched
thr ougitp %c |e )eclmtecf las,yte g agd Ber]g!,3 (&anl ngs. The etching
step uses a process having hi gh seI ectivity bet ween the dielectric materi al
of layer 40 and thergetat:m0nag ndlAsHB: £408RRLOSESEES are preferable, but
wet et ghes maYske.d eaphbl &l 1ReE Qg IRGaNONE 4@ aFL. cBcudt hi gh diel ectric
const afévide). MBéRIdorbiuteyeldetcé SStRROSI LG YW EbiNkL he ¥hd peni ngs 65. The
hi gh krnetsmiiabnddyel BRYstGQRRrice sblki e&anpliel I fsies haptadds®m oxi de, haf ni um
oxi de, aZd raaeBL U @Xisd@rcOrangl UpdinimeeXxbie, fror exadmpl eay The diel ectric

const afntbsihatikd. berhgr eatBforidhatoBhewt cé. sthhicsukay emnd7@nf orns t he capacitor
di el ecissuwlahéhgemysrhéotnwl capachitanr aek eodpredest&2 byRefietni ng now to Fig.
10, a Thgrd.dielectric layer 80 is deposited over the vertical capacitors
52/70/ 52 and the copper interconnect 54. The dielectric layer 80 may be of
a simlar material fo theedretsl divdestcondIdiPe| bxied €0nmbseri al and have a
si mi | agerdsiicRAesser Aafetrth nibkitgleayeic d2v84 1% rfagr hed over the

di el ecticorages= gy, havi Frtdaryerirnef dFEPDI rdidaal COR@FmsRBEATE openi ngs as
shown. D ngat 2o iEhgrel et gsterted £rPBAtEHe (askeB2ZABASinto the diel ectric
| ayer Bo7AY B| Fuktiraeadef petivgen 1¢°uﬁsa|’??“bthﬁéidr%‘té}5‘§l atf¥ patterns may be
t r ansf BRPEE PRI THE ] el HErT Fayiaydrulditfy o‘tletlﬁétﬁh%tl damascene

eeest Pe Hmas cBHE e ceela o 587 . 1 ogi
e s, b et a;t%%e“g “ gggmh@ oL ritea ' cabac tor
el ect r 04es DY GaRRsERe? ‘?ﬁ r?g §EP8° tHE"5PAndar d copper

i nterconnect 54. Now, a barrier netal layer 90 is deposited conformally
within the openings 85 and 86, as illustrated in Fig. 12. The barrier netal
| ayer may conprise tantalumor tantalugnnitride, for exanple, and have a

t hi ckness of between about 50 and 500 Angstronms. The dual damascene
openings are filled with copper, such as by electroplating or electrol ess
pl ati ng. The copper and the barrier netal |ayer are planarized such as by
CWP to | eave these layers only within the dual damascene openi ngs, as shown
in Fig. 12. The copper Iayer 92 94 forns |nterconnects to the capaC|tors

oy . r Y



Fig. 13 illustrates the conpleted M M capacitor of the present invention
where a buried etch stop approach is used to formthe dual damascene
openings. Dielectric |ayer 20 conprises dielectric layers 21 and 27 and an
intervening buried etch stop |ayer 23. Dielectric layers 40 and 80 include
buried etch stop layers 43 and 83, respectively. Vertical capacitor

el ectrodes 52 are shown with the intervening capacitor dielectric |ayer 70.
The process of the present invention allows great flexibility in capacitor
structure design and circuitry w thout requiring additional wring

i nterconnects. For exanple, Fig. 14 illustrates paral l el verti cal
capaci t or 52/ 70/ 102R¥EFTAG RPW CApBEFt b GPE| %‘%ﬁlr dém?%)cwff‘er e 102 is a
shar ed°RE&fr oS Arelér#eésrer?em%&re CFB?‘C rshdWHeTEs al so easily
achi evEdf g?gmng PV%%]tlreét R‘FF] 8 ’é]c¥1tn8r ge‘fjoc‘"’f'urt her naxim ze
space %% @d o 50 rr‘:érb”i‘ htél capacr tor

di el ecftic “0VeEriie ?aF/%er ag ?C 2L 701 % Odess of the
preseng énvengiteﬁl g lflm ng \/erfLr ca I¥I"M capaci t or s

to
using an |nf:egra e co er % n%scene process The vertical capacitors of

the present inventi EQ caanbgerg gﬂe%giepaﬁegbgniggie%sgggd metal level. Since
the Ca@é&?ﬂotr%ﬁ)ﬁrw%t oF, e teoast W LD hRe L PGl LRI BIgoRnect process,

only ofg. addi-iional.Tesk,d Sk Oéanrp%@sé Ofart @AY 419 chhea 1y k materi al

bet weep; £:N@ e apACickahp & | e%heoﬂ%% andnieplaac Y hdewsbhhagodti gh-k capaci tor

di el ectsimd Byerang®rrodhi | @nkhedinvient i @mehasehaen ipariicdd arly shown and
descri heth Wobpef efs@cange o el Becfoprberfiedreabodimerks thereof, it will be
under spoad nby tThwseppki ldredthe Bdreiartmdthiat 1896+ @lie changes in form and

det ai | slamyribed rade s tihouMpdepardavegtiiseEmlbher s pinliyt wattdinscope of t he

i nvent tiesn.dudl daMlcehs edemiimgd ass:shidwnAnmrgtigod3for fabricating a MM
capacitor conprising: providing a first dual danascene opening and a pair
of second dual danma§benecrependagssdenead? ishowndie|®atrPcid ayer overlying a
subst raymicad fptdnasgneat d Surbtingedcoreenid danl baldvanedneriopenings with a
first E@W\@r afegrerthghéeaiatibpl pedhsardrdditor dlaihedanaseiei®®-opening fornms a
| ogi ¢ Fhtisr éBRPEERtafitl RHer ERAL fiNe ¥dMsEARFCPAPF ©F t8eceyrPe@al damascene
openi ngRVFBERR @p&Pr fornscaphcitbriefbe T ¥desiatr et chtty away said first

di el ect?1€ & e?aﬁférﬁﬁ%’énc%’&iddb HITEE Ramcrt BRivifécfEodes | eaving a space
bet weeN® ¥ dePar P C08r Bledt [ BUeL I 8RP YIRSy §4% d space bet ween
sai d p&THEGEOE apac 8r HFb s”wt R 24 ght3r 1®EEri ¢ constant materi al
to 15 conplete fabri catlonn of M M capacitor_ in tfh fabrication of said
integrated cit rcur t g &Vi e fer nef o, acchrding o & m 1 wherein said

descrl 3 ag

steps pf°Bioyid *Or ma 4o sl a0 Sheond Bys - gammscene
openi ngg, Base Ct% cﬁoﬁetc %n?”r-"’a‘g% S r&%&nﬁleséf Qfirpartial via first,
full vig dlinste, aa;efﬁéétd 5300 SIDS00E8 Yo Bl galELbon accoralng to
A ai m 1o} Withert COTREhSEAG EB%AJm@gaatlbﬁﬁJnle@E JetRl,Layer under said
copper abaeh ¥eb Muhasah hdd BSke@Nthoa8eRdthrildaloAaMaacesgs.QPeNI Ngs.

masking layer 42/44 is formed over the dielectric layer 40

having patterns for second dual damascene openings as shown.

The patterns are transferred from the mask
42/44 into the dielectric layer 44 as illustrated in Fig. 5.
Again, the patterns may be transferred into the dielectric
layer using any of the dual damascene processes. Dual
damascene openings 45 will be the electrodes of vertical
capacitors of the present invention. Dual damascene opening
4% 1s a standard core logic interconnect, formed
concomitantly with the vertical capacitors of the present
invention.

Now, a barrier metal layer 50 is deposited
conformally within the openings 45 and 46, as illustrated in



4. The nmethod according to Caim3 wherein said barrier nmetal layer is
selected fromthe group consisting of tantalumand tantalumnitride. 5. The
nmet hod according to Claim1l wherein said step of filling said first and
second dual danascene openings with a copper |ayer conprises: depositing a
barrier nmetal layer within said first and second dual danmascene openi ngs;
depositing a copper |ayer overlying said barrier nmetal layer and filling
said first and second dual damascene openi ngs, and pl anarizing said copper

| ayer and said barrier netal | ayer to | eave said copper |layer and said
barri eFl‘-Fret al T%ﬁ/é’ta%h%? %tﬁﬁu%ﬁsg% B2Y | YEPrafe SECEhER Rfal - damascene

openi BPB %rg 8 Y & SRiFESSSne8ai d step of

pl anar ?W? § s céPg%%%ﬂﬁnl8E1 EF?§WPW nu%us 7. The net hod
accord rqr cl’ ! eﬁ?fé‘? é}gﬁ s?’f d'sfl Ste {;fhﬁgl %{ &Y Gonprises a | ow

di el ec rﬁasagg - di el 8et &p int | ess than about

a er|
4. 8. F ln§ l 1@%1 e&%kncg of et chi ng away
sai d fbg§g flia q¥§; gggygds gglgy Ep@gagéi el ectrodes is
sel ect gb. I et MRHQQE§£ﬁ |&H%lo Zm ga ¢% ng and wet etching. 9.
The MELha Sele it B by S A R Y 201 e constant
mat eri @lplagscd diheeliéd GRSt At ealRtiBAN aReWby 15EQ. The net hod
accor dsngdras G ad Brinkhed QickeSBbSh SUbshdatietepRd @il . senm conduct or devi ce
structures covered with an insulating layer. 11. The method according to
A aim1l wherein sai ¢igubst ral eseteai B8 SRMeeONEUGEAr ofl@Hece structures and
any nusbetheotapdviglos elednrerbkyi sy nebatr igdr@Le0BEEbrANSs 12. The net hod
accor dirghdhoa€l stiawnl inhereifigead d fTinr séntanad tseconthedgattidanascene openi ngs
are foofretheatoairy doppet oftemetadeatnter sommredthi bixs. 783. tHhe net hod accor di ng
to C alwwelr portimr iconpritsd dgrmdepodrsi ¥y ratsecangindieel ectric | ayer
over | yforgigapds | oggnehi nt er connect and said pair of capacitor electrodes; 5
formng a third dual danmascene openings through said second dielectric
| ayer to said |ogichi Atertorakerd dadet obdriisgfaryrsd ovef fwurth dual
darrasc%%@%ﬁéﬁu?ﬂg%cttrﬁﬁ%gﬁ? §aﬁdtfsee@eﬁaeﬂ|1@|téét:wr@qta érhaftiégei n each of
sai d pRRTteEPS 6 1WBLRTS PRTHERR IFRCHPEW? Mfs tEBntaRdCdtoRe 10 of said pair of
capacﬂ?Jo‘?Cté]O €t rAIES: SEHT £ Fidhy 8sal W 2hi%d 28R ¢ HoaAt FPIEﬁP&P damascene
openi NG i et St GRS &‘LUP et#“emﬂ%?*eﬁrﬁ PP?IFWS W& hird dual
darmscERE ﬁt%P%”PSFE% Cecs Tog vzt %Eg”mreln filled said
pai r ogl our o ajocess?@%a%% a(—:'Yeoip SLI?'I &1 etcths 8hd \pair of capacitor
electrg §%ble 3

Referring now to Fig. 8, a high dielectric
constant (k) material layer 70 is deposited within the via
openings 65. The high k material layer may comprise silicon
nitride, tantalum oxide, hafnium oxide, zirconium oxide, or
aluminum oxide for example. The dielectiric constant should
be greater than about 7. This layer 70 forms the capacitor
dielectric between the two capacitor electrodes 52.

Referring now to Fig. 10, a third dielectric
layer 80 is deposited over the vertical capacitors 52/70/52
and the copper interconnect 54. The dielectric layer 80 may
be of a similar material to the first and second dielectric
material and have a similar thickness. A fourth masking
layer 82/84 is formed over the dielectric layer B0 having
patterns for third dual damascene openings as shown.

The patterns are transferred from the mask
82/84 into the dielectric layer 80 as illustrated in Fig.
1i. As in other steps, the patterns may be transferred into
the dielectric layer using any of the dual damascene
precesses. Dual damascene openings 85 and 86 are standard



etching away said second dielectric |ayer between said second pair of
capacitor el ectrodes |leaving a space between said second pair of capacitor
el ectrodes; and 20 filling said space between said second pair of capacitor
el ectrodes with a high dielectric constant material to conplete fabrication
of a stacked M M capacitor. 9 14. The met hod according to Caim1 fur
formng additional pairs of second dual openings to formmultiple,

parallel, or capacitors wherein said high dielectric material is deposited
between each said said second dual damascene openi ngs. =her conpri sing
danasciPE SapFescsrstant Qyal r SR SErPRe RPSISNIA $retRBEEFortbrabricating a M M
capaci YoF 3B hpraRaig o th\ﬁtélPﬂ @i r Spald Gar2 deahts BRI MhERI ng and a pair
of secEAFadal tRfamteadnes GHBRE g’é’tleﬁc%n?eﬁtstwdl electric layer overlying a
substrate; 5 depositing a cogg ;r overl§| sald rier netal |ayer
and fllllﬂgm§ ld flﬁgY éb ag %ﬁ&m%é g ﬁ%% %% pl anari zi ng said
copper egve sald d - Iax oqy ;¥ tant § i'rst and second
dual qgge ;QRENLNgS gﬁ Lgl%ndl é)g QF F ?ﬁa damascene openi ng
forms Bet RALC b il (’)qugcstooa f a1dg 1 :i palL of second dual
dams cenen QRN A% (9L A%, A 1PBb @J gapﬁcast oy &l &ctzrog £8;n£hghi ng avay said
first diglgehbss d1a¥ehgh etff‘f\{%eeoﬂézs%g Bal Ha0Li SARAELT Of 5 ghectrodes | eavi ng
a spacsré)eg;tl\é/ﬁgﬁlzsga dubRids ®f, eapag taLvel@etrodasrsapghfilling said space
bet weeR; &iind t R dusQf deRPAGNLObp& 86kl OfeSsnalhhid Migghi1 4l elgetri ¢ constant
mat er i abpgcd COPRE ae babidreat i Atk onsabes MoM B&RAGIaLOEcid dhe 20

f abri catwern 1efesaicdicniegHrabade€id.cuit device. 16. The nethod according to
Claim 15 wherein said steps of providing and formng said first and second
dual damascene openithys @am@lsetecicetatiamdthehprMmessescc@isi Sting of:

parti abf vitee bresdnt fiukéntvica .f i Tisd palckheg fdenst ty and denbeskdednvi a. 17. The
met hodbacicordemgy ttec€has mIlShe uindrersed ngrrasii ngnaepesi taitg a barrier netal

| ayer arererinyihng M3l dapapipgers| aimere whehdevisai dridntsttiamdissecond dual
damascese-igénimysadlgt Mure zaetdbd according to Caim 17 wherein said

barrier netal |layer is selected fromthe group consisting of tantal um and
tantalumnitride. Fig. 13 illustrates the completed MIM

capacitor of the present invention where a buried etch stop
approach is used to form the dual damascene openings.
Dielectric layer 20 comprises dielectric layers 21 and 27 and
an intervening buried etch stop layer 23. Dielectric layers
40 and 80 include buried etch stop layers 43 and B3,
respectively. Vertical capacitor electrodes 52 are shown
with the intervening capacitor dielectric layer 70.

The process of the present invention allows
great flexibility in capacitor structure design and circuitry
without requiring additional wiring interconnects. For
example, Fig. 14 illustrates a parallel vertical capacitor
52/70/102/70/52 with capacitor dielectric 70 where 102 is a
shared electrode. A series vertical capacitor, not shown, is
also easily achieved. Fig. 15 1llustrates stacking of
capacitors to further maximize space usage. Vertical
capacitor 96/98/96, where 98 is the capacitor dielectric,
overlies vertical capacitor 52/70/52.

The process of the present invention provides
a method for forming vertical MIM capacitors using an
integrated copper damascene process. The vertical capacitors
of the present invention can be fabricated beginning at any
metal level. Since the capacitors are formed together with
the logic interconnect process, only one additional mask is
required for removing the low-k material between the
capacitor electrodes and replacing it with a high-k capacitor
dielectric laver.



19. The method according to C aim 15 wherein said step of planarizing
conpri ses chem cal nechanical polishing. 20. The nethod according to Caim
15 wherein said first dielectric |ayer conprises a |ow dielectric constant
mat erial having a dielectric constant |ess than about 4. 10 21. The

met hod according to Caim15 wherein said step of etching away said first
dielectric |l ayer between said pair of capacitor electrodes is selected from
the group consisting of: plasma etching and wet etching. 22. The net hod
according to Claim15 wherein said high dielectric constant material has a

dielectrlc const ant 8reater t han about 7. 23. The nethod according to Cl aim
5 wher ein sal d sub@ it éhéom‘é?%ogelﬁﬁ%&’?aﬁc?ﬁtlﬁé\]ﬁﬁ]éf structures and any

nunber WW aug r{? P quelFﬂ ﬁﬁﬁ%Qﬁﬁﬁﬁﬂs %éﬁﬁ The net hod

accordf Be?f%%h tf§° v °d vpf ;Eﬁtﬁﬁ q& d Ganmascene openi ngs

are forn ggev% c%? ?%ﬁes ifer &ohAEEL % Zgiyf%% met hod accordi ng
parting from an

to Cla ﬁr conpri Si ng: 5bp85| i ng a"S@cond Gielectric | ayer

overlylng sal Ioglc i nterconnect and said pair of capacitor 5 el ectrodes;

formng a third dual damascene openings through said second dielectric

| ayer to said logic interconnect and form ng a pair of fourth dual
damascene openi ngs through said second dielectric |ayer wherein each of 10
said pair of fourth dual danascene openings contacts one of said pair of
capacitor electrodes; and filling said third and fourth dual damascene
openings with a second copper |ayer wherein filled said third dual
damascene opening fornms a second logic 15 interconnect and wherein filled
said pair of fourth dual danascene openings forns a second pair of
capacitor el ectrodes; etching away said second dielectric | ayer between
said second pair of capacitor electrodes |eaving a space 20 between said
second pair of capacitor electrodes; and filling said space between said
second pair of capacitor electrodes with a high dielectric constant

material to conplete fabrication of a stacked M M capacitor. 26. The net hod
according to Caim215 further conprising formng additional pairs of second
dual damascene openings to formnultiple, parallel, or series capacitors
wherein said high dielectric constant material is deposited between each
said pair of filled said second dual damascene openings. 27. A nethod for
fabricating a M M capacitor conpri sing:



11 providing a first dual damascene opening in a first dielectric |ayer
overlying a substrate; filling said first dual danascene opening with a 5
first copper layer to forma first logic interconnect; depositing a second
dielectric layer overlying said first dielectric layer and said first logic
i nterconnect; formng a second dual danmascene opening through 10 said
second dielectric layer to contact said first logic interconnect and
formng a pair of third dual damascene openi ngs through said second
dielectric layer to said first dielectric layer; filling said second dual
damascene opening and said 15 pair of third dual damascene openings wth a
second copper | ayer "iieris F1fiT¢%dSsai d second dual damascene opening forns
a second |l ogic interconnect and wherein filled said pair of third dual
darmascene qpepin forns ai r_of capacitor el ectrodes;, 20 etching away
sai d secong'dger[‘%ijt‘?gi. £°% a%fé’gl %{;Wﬁeg ngfl FPAF B CHPatTdr el ect r odes
[eaving a spage TRPIGER Sard°pal v o SELA" e e POGRE And fi11ing said
space betwgg e§ac} rp@% gozfns D a{tpqr efectr 6des™ W hTa" i gh dielectric
constagt material,;tag % Soivte eantfedé@gagﬁid%o& %ic% MM capacitor in the
fabricati onyof; Sl ¢knt eqrated  GliCunL device, s 2€; ;10 smthod according to
A aim 27 whetel 38l Hard &R30bpdH O dbhE: and b oL MRA Salfbdi rst, second,
and third dugl«klamBsCent PRt MG ia 81 S&l&ahedud T Athbbeefy ocesses

consi sting o@bhild troahs Vi afikl 8t cabdbhtdd @1bkESdaed;i ne first, and enbedded
via. 299 The meihadnacemrdisagat 0 Frabm 2eddet NefeCOAPRESI NY: depositing a
first barrisaidngiiad ofay@fadinderd Wdtgosad dcaiving L£epRee | ayer within said
first dual rdarescenedopeid Bg, caputideposidddrgdas sesa@nd barrier netal |ayer
under | yi ng sai dfsldcandsaippeact ayawedht diint paifl seeapndcaid t hird dual
danmascene epentingks 30th Ehaipktdicd catceie dongthot Gaakm 27 twherein said first
and setbond cdimpl et fiabricgiers eHngids¥EM ecdpewi tdeeliecthec constant nateri al
havi ng a difebettatiioncofhstaudt ihesyrathdncapout 4evi3E. The net hod according to
Claim 27 wherein said high dielectric constant material has a dielectric
const ant greatles metdAdadrasrdyng 3 CTREm nbthedebe cdridi AERRO °C ai m 27 wherein
sai d secon®TaRedH4 Fﬁddi%miaan’ﬁ%lébﬁérébef’fﬂ%§§c‘a1?fb dgined at any

damascene openings are selected from The processes
consisting of: partial via first, full via first, line
first, and embedded via.

3. The method according to Claim 1 further comprising
depositing a barrier metal layer under said copper layer
within said first and second dual damascene cpenings.

4, The method according to Claim 3 wherein said barrier
metal layer is selected from the group consisting of
tantalum and tantalum nitride.

5. The method according to Claim 1 wherein said step of
filling said first and second dual damascene openings
with a copper layer comprises:

depositing a barrier metal layer within said first
and second dual damascene openings;

depositing a copper layer overlying said barrier
metal layer and f£illing said first and second dual
damascene openings, and

planarizing said copper layer and said barrier
metal layer to leave said copper layer and said barrier
metal layer only within said first and second dual
damascene openings.

6. The method according to Claim 5 wherein said step of
planarizing comprises chemical mechanical polishing.
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12 | evel of netal interconnections. 33. The nmethod according to C aim 27
further conprising formng additional pairs of third dual damascene
openings to formnmultiple, parallel, or series capacitors wherein said high
dielectric constant material is deposited between each said pair of filled
sai d second dual damascene openings. 39. The nethod according to Caim27
further conprising formng additional capacitors in subsequent |ayers of
dielectric material to formstacked vertical capacitors. 13 .A ?. A ?.A
?2.A ?.A %.A, ?2.A?2. A 2 A 2 A ?2.A 2 A LA

The method acceording to Claim 1 wherein said first
dielectric layer comprises a low dielectric constant
material having a dielectric constant less than about 4.

8. The method according to Claim 1 wherein said step of
etching away said first dielectric layer between said
pair of capacitor electrodes is selected from the group
consisting of: plasma etching and wet etching.

9. The method according to Claim 1 wherein said high
dielectric constant material has a dielectric constant
greater than about 7.

10. The method according to Claim 1 wherein said
substrate contains semiconductor device structures
covered with an insulating layer.

11. The method according to Claim 1 wherein said
substrate contains semiconductor device structures and
any number of levels of overlying metal
interconnections.

12. The method acceording to Claim 1 wherein said first
and second dual damascene openings are formed at any
level of metal interconnections.

13. The method according to Claim 1 further comprising:

depositing a second dielectric layer overlying said
logic interconnect and said pair of capacitor
electrodes;

5 forming a third dual damascene openings through
said second dielectric layer to said logic interconnect
and forming a pair of fourth dual damascene openings
through said second dielectric layer wherein each of
said pair of fourth dual damascene openings contacts one

10 of said pair of capacitor electrodes; and

filling said third and fourth dual damascene
openings with a second copper layer wherein filled said
third dual damascene opening forms a second logic
interconnect and wherein filled said pair of fourth dual

15 damascene openings forms a second palr of capacitor
electrodes;

etching away said second dielectric layer between
sald second pair of capacitor electrodes leaving a space
between said second pair of capacitor electrodes; and

20 fillirng said space between said second pair of
capacitor electrodes with a high dielectric constant
material to complete fabrication of a stacked MIM
capacitor,
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15. A method for fabricating a MIM capacitor comprising:

providing a first dual damascene opening and a pair
of second dual damascene openings in a first dielectric
layer overlving a substrate;

5 depositing a copper layer overlying said barrier
metal layer and f£filling said first and second dual
damascene openings;

planarizing said copper layer to leave said copper
layer only within said first and second dual damascene

1@ openings wherein filled said first dual damascene
opening forms a logic interconnect and wherein filled
said pair of second dual damascene openings forms a pair
of capacitor electrodes;

etching away said first dielectric layer between 15
sald pair of capacitor electrodes leaving a space between
said pair of capacitor electrodes; and
filling said space between said pair of capacitor
electrodes with a high dielectric constant material to
complete fabrication of said MIM capacitor in the 20
fabrication of said integrated circuit device.

16. The method according to Claim 15 wherein said steps
of providing and forming said first and second dual
damascene openings are selected from the processes
consisting of: partial via first, full via first, line
first, and embedded via.

17. The method according to Claim 15 further comprising
depositing a barrier metal layer underlying said copper
layer within said first and second dual damascene
openings.

18. The method according to Claim 17 wherein said
barrier metal layer is selected from the group
consisting of tantalum and tantalum nitride.

19. The method according to Claim 15 wherein said step

of planarizing comprises chemical mechanical polishing.

20. The method according to Claim 15 wherein said first
dielectric layer comprises a low dielectric constant
material having a dielectric constant less than about 4.
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pair of capacitor electrodes is selected from the group
consisting of: plasma etching and wet etching.

22. The method according to Claim 15 wherein said high
dielectric constant material has a dielectric constant
greater than about 7.

23. The method according to Claim 15 wherein said
substrate contains semiconductor device structures and
any number of levels of overlying metal
interconnections.

24. The method according to Claim 15 wherein said first
and second dual damascene openings are formed at any
level of metal interconnections.

25. The method according to Claim 15 further
comprising:
depositing a second dielectric layer overlying said
logic interconnect and said pair of capaciter 5
electrodes;
forming a third duval damascene openings through
said second dielectric layer to said logic interconnect
and forming a pair of fourth dual damascene openings
through said second dielectric layer wherein each of 10
sald pair of fourth dual damascene openings contacts one of
said pair of capacitor electrodes; and
filling said third and fourth dual damascene
openings with a second copper layer wherein filled said
third dual damascene opening forms a second leogic 15
interconnect and wherein filled said pair of fourth dual
damascene openings forms a second pair of capacitor
electrodes;
etching away said second dielectric layer between
sald second pair of capacitor electrodes leaving a space
20 between said .second pair of capacitor electrodes; and
filling said space between said second pair of
capacitor electrodes with a high dielectric constant
material to complete fabrication of a stacked MIM
capacitor,

26. The method according to Claim 15 further comprising
forming additional pairs of second dual damascene
openings to form multiple, parallel, or series
capacitors wherein said high dielectric constant
material is deposited between each said pair of filled
said second dual damascene openings.

27. A method for fabricating a MIM capacitor comprising:

11
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terconnect and forming a pair of third dual damascene
openings through said second dielectric layer to said
first dielectric layer;
filling said second dual damascene opening and said

15 pair of third dual damascene openings with a second
copper layer wherein filled said second dual damascene
opening forms a second logic interconnect and wherein
filled said pair of third dual damascene openings forms
a pair of capacitor electrodes;

20 etching away said second dielectric layer between
sald pair of capacitor electrodes leaving a space
between said palr of capacitor electrodes; and

filling said space between sald pair of capacitor
electrodes with a high dielectric constant material to

25 complete fabrication of said MIM capacitor in the
fabrication of said integrated circuit device.

28. The method according to Claim 27 wherein said steps
of providing and forming said first, second, and third
dual damascene openings are selected from the processes
consisting of: partial via first, full via first, line
first, and embedded via.

29. The method according te Claim 27 further comprising:
depositing a first barrier metal layer underlying
said first copper layer within said first dual damascene
opening; and
depositing a second barrier metal layer underlvying
said second copper layer within said second and third
dual damascene openings.

30. The method according to Claim 27 wherein said first
and second dielectric layers comprises a low dielectric
constant material having a dielectric constant less than
about 4.

31. The method according to Claim 27 wherein said high
dielectric constant material has a dielectric constant

greater than about 7.

32. The method according to Claim 27 wherein said second
and third dual damascene openings are formed at any

12
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33. The method according to Claim 27 further comprising
forming additional pairs of third dual damascene
openings to form multiple, parallel, or series
capacitors wherein said high dielectric constant
material is deposited between each said pair of filled
sald second dual damascene openings.

34. The method according to Claim 27 further comprising

forming additional capacitors in subsequent layers of
dielectric material to form stacked vertical capacitors.
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