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FI ELD OF THE | NVENTION The field of the invention is integrated circuits

wi th copypen2osster connect. BACKGROUND OF THE | NVENTI ON | ne¢hvereminsde of
formng the netallization of an integrated circuit, it is sonetines
necessary to construct parallel plate capacitors. In the field of alum num
i nterconnections, such processes are well developed. In the field of
copper interconnect, however, devel opnent of a suitable process has proved
to be unexpectedly difficult. The potential hillocks and gouges in a
copper metal surface can cause thinning and discontinuities in the active
dielectric or in the capacitor plates, leading to early wear out and

pot enti al br eak(MEFALSINSURYATORHMETANYESAPANITIOR | INcQOP®RER el ates to a
paral |l el plate capacitor having a |lower plate that does not include a

| ayer of copper and does not extend over a | ower copper interconnect in
the area of the <capacitor proper. An optional feature of the invention is
a conposite | ower | ate having a material of |ower resistivity, such as

al uni LD N liner of material having a higher resistivity.

WO 02/ 058117 BCFA EP9246 01048 iAvAnethar iteahuegrofeliheii-pyuenti gachs the

provision of a
copper interconnect.

BACKGROUND OF THE INVENTION

In the course of forming the metallization of an integrated
circuit, it is sometimes necessary to construct parallel plate
capacitors. In the field of aluminum interconnections, such

processes are well developed.

In the field of copper interconnect, however, development

of a suitable process has proved to be unexpectedly difficult.

The potential hillocks and gouges in a copper metal surface
can cause thinning and discontinuities in the active dielectric
or in the capacitor plates, leading to early wear out and

potential breakdown.

SUMMARY OF THE INVENTION

The invention relates to a parallel plate capacitor having
a lower plate that does not include a layer of copper and does
not extend over a lower copper interconnect in the area of the

capacitor proper.

An optional feature of the invention is a composite lower
plate having a material of lower resistivity, such as aluminum,

covered by a top liner of material having a higher resistivity.



capacitor top plate that does not include copper and is snmaller on al
sides than the bottom plate. Another feature of the invention is the
deposi ti omoof/ozm?7 i nterl ayer dielectric surroundi ng the chRoBREPQ2I04%hat has
a high material quality at least in 2he portion of the dielectric that 1is
on the sanme | evel as the capacitor. Another feature of the invention is the

coverage ofpdfienc£aPACLPL Skatkoby. ool ghi al Lhal poyldes baver etch

rates durii ng e etc Interilayer ectric orm cont act s. The
t hi cknesgaoitohi sopapdatal thaghdobe dotfenehtidboropppraadd bet swailpkat es.

Anot he nfgfﬁugfdgé Eﬂgﬁigﬁgnﬁggg%%s%?a [tiple step process for opening

contact apertures to e capacl ares, in which a first step etches
only partially through cap |ayers on the top plate and on | ower
interconneq&

ilecetching all. the way, through the.cap above the_bottom
bl ate. af cariarneh ERaClrarafnihg Horerbhons LEnsheagepBsEPess ok ehea
t hr oughnterbayderdiedtateitsstiheotagiengothdi ebpatiicer(that hkP sahéghal )
that is_| ocated be en_the hard,diglectric.cap an _top..of the,underlying
a1 et BT PR GHBEY et bSeRah bt ateS opoF hbSALafacheori SinpbEidyERat
protecis dhathdasandi ebeslrae tap @adatbheorCu of the underlying |evel
during the formation of the bottom plate. BRI EF DESCRI PTI ON OF THE

DRAWNGS Figure 1 shows in cross section an area of an integrated circuit
that will imcbtider afcapacett 6f elesotavagriont he thavesiesage WE02HE58117
PCT/ EPO2/ 01049 . .

capacitor stack by a material that provides lower etch rates

during the etch of the interlayver dielectric to form contacts.

The thickness of this material might be different for top and

bottom plates.

Another feature of the invention is a multiple step process
for opening contact apertures to the capacitor plates, in which
a first step etches only partially through cap layers on the top
plate and on lower interconnects while etching all the way
through the cap above the bottom plate, after which the

remaining portion of the cap layers is etched through.

Another feature is the layer of dielectric (i.e. ILD
material) that 1s located between the hard dielectric cap on top
of the underlying Cu metallization and the bottom plate of the

] capacitor. This layer protects that hard dielectric cap and the
Cu of the underlying level during the formation of the bottom

plate.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows in cross section an area of an integrated
circuit that will include a capacitor according to the

invention.



3 Figures 2 - 8 show the sane area at |ater stages in the process.
DESCRI PTI ON OF THE PREFERRED EVMBODI MENT Referring nowto Fig. 1, there is
shown i nw00%638sEcti on a portion of an integrated circui PCT/RPOY G490t t OM
of the Figure, the area denoted with3bracket 5 represents schematically a
silicon subBigares £ran8i showstaedsborearkevek ilatercemagetssin The term

| oner | evel interconnects wll be used for convenience to represent poly

i nt er cBARECTE; and all other |evels up to the bottomof the capacitor. It
i ncludes netal (copper) nmenmbers 20 in this Figure. An initial capacitor
stack includes first (nitride Si3N4) cap |layer 102 (advantageously part of
the regular netallization), sacrificial (oxide Si02) |layer 104, bottom

pl ate pkagrrrtiOn ompagkt oREEGERRED! EMBObayenT120, top plate |ayer 130 and
second cap layer 132. | Igstrativilyt in a,0.2%pn1gnound rul e @neferring
to the mini REHPEFHBASPEN 6P FRE-| tneCPEVEI )5 BrOWBs<D (FPSE S&F -85 ef 102
is 50 perefionl bEi 88, iAxkdeated tSrcd@am at bhehpbetabid b roxhde Fibotkom pl ate
110 cqurises 35nmof _ A, 5nmof Ti and 50nmof TiN, dielectric 120 is
50nm of ﬁi@ﬁeaqﬁﬁpPF9doWF§B,bFéﬁkﬁFaPerfgéeF§n§§nﬁFBﬁmﬁtNC§&&Y56cond cap

| ayer si32cbs 40BBtehtBit kirdasithercanaal t Bivest aekedouhd ctlce@nbethui It up
by different materials and/or different thicknesses of the |ayers. The

capaci TBf WPIM bewesr heySininkersPreacpEtwWidnhll BRetSelefolr CREYPEIRREE

menber §020epl-bsbic kpeM) iAttheoahbcthat angopner okhed fikivedlst ubo tBokhsh, but
it has unexpectedly been ,
bottom of theé capacitor. It includes metal (copper) members 20

in this Figure.

An initial capacitor stack includes first (nitride Si;Ny)
cap layer 102 (advantageously part of the regular
metallization), sacrificial (oxide Si0,) laver 104, bottom plate
layer 110, capacitor dielectric layer 120, top plate layer 130
and second cap layer 132. Illustratively, in a 0.28um ground
rule (referring to the minimum dimension of the line level)
process, first cap layer 102 is 50 nm of nitride, oxide 104 is
50nm of high quality oxide, bottom plate 110 comprises 35nm of
Al, 5nm of Ti and 50nm of TiN, dielectric 120 is 50mm of high
quality oxide, top plate 130 is 50nm of TiN and sécond cap layer
132 is 40nm of nitride. The capacitor stack could also be built
up by different materials and/or different thicknesses of the

layers.

The capacitor will be formed in the area between lower
level interconnect members 20. It is known in the art that
copper is difficult to polish, but it has unexpectedly been
found that even when irregularities in the copper surface are
comparable to those in aluminum top surfaces, (50 - 75nm) these

irregularities can lead to early reliability failure.



found that even when irregularities in the copper surface are conparable
to those in alumnumtop surfaces, (50 - 75nn) these irregularities can

| ead to ea®byossel7i ability failure. WO 02/058117 PCT/ EPO2/ BAT4£D02/04049
Accordingly, no part of the capacitor4per se (indicated by arrow 152 in
Fig. 2) can%omddé@clYab@%p@r@oﬂferth%mpa@mr Hen e fcatingd 4w | ess

than abeul,0.13pmibel:qy t hg e%téqts ?’@aﬁq egefbot\)%e L |07 ouR,AC ke%}e /in

Fig. 1 represents this small e vertica | st ance. e skilled
i n t he iaterossulas tortdiartardisl Y et ifhar gilcade Gat3ire dstl avha e hiatttonpor t i on of

the DOLHARDIGH &1l (RGN (RVer el auer Jagbel; Ang DGl I ahly, Lg,; drake the

pl at es“of copper ratively, présent Ti'nventton enploys pl ates nade
of t hespAdestatedrlicaiakdie Nleae“tcmrierdusrﬁae:rc@onn@ues skuﬂﬂeﬁtmtuhﬁelay:t t he

I i ner I n | I I ner erlal used
t hat rrewgtilg %é: d&%a? le tll‘glﬁlg%e)s{:s %]"ne"’lrcr%tI‘—’&brrpL égtq‘ et §ﬂn|tca corﬁorrﬁ ar%/ bt'rel
speci f itbat botson eflatd dikegtdy tdver @qudweccf nidmdoefri resid eiredf estadyl varch
deposi %“Iﬁ‘ hs i l.lustrated. An_area denoted with arrow 152 has been | eft
after fi rset pé’[ es( EfZFIQEff chem stry) , which defined the capacitor

top plate and stopped on the capaC|tor dielectric 120. Thi s area wll be

referred toIz_iLzL a&g{ tor area i.ch ma be rec;la inste of
square) and-i ulsﬁg reE P hat "Fe PER sentt RSV Ep: R
deposi biforhef 14Gmm «m‘atlen:tmudefhme l&@pq&erﬁmfeﬂﬂa@n&ﬂeaitsl eaves cap layer 134
2EESI$ &&G%t%%.%%% Y t%reﬁl%gg %%.%&i% 1sa Qve % % P aCIle top plate
compatible liner material may be used that meets the overall
process thermal budget, metallic contamination specifications,

etc.

In Fig 2, the result of the first etch step and deposition
is illustrated. An area denoted with arrow 152 has been left
after the first etch (Cl,/BCl; chemistry) , which defined the
capacitor top plate and stopped on the capacitor dielectricvlzo.

This area will be referred to as the capacitor area (which may
be rectangular instead of square) and is the area that defines
the actual capacitor. A second deposition of 40nm of nitride has
been performed that leaves cap layer 134 outside the capacitor
area and layer 132' above the capacitor top plate 152. The
significance of the increased thickness of 132' will be

explained below.

Fig. 3 illustrates the result of the bottom plate etch, in
which all of layers 104, 110, 120 and 134 are etched in BCl; /Cl,
chemistry. The etch is designed to stop in layer 104, which

etches substantially slower than nitride layer 102.

A distance denoted by arrow 154 represents the closgest
allowable horizontal distance between the vertical edge of the

bottom plate and a conductor (lower interconnect member 20) in



significance of the increased thickness of 132" will be explained bel ow
Fig. 3 illustrates the result of the bottomplate etch, in which all of

| ayers 10MQ 04018117120 and 134 are etched in BCl13/Cl2 chenP€T/ER2/0IM® etch is
designed to stop in layer 104, which ®tches substantially slower than

ni tri deabayé&hel@2pahidiost dace idenefled thy calr awnbst triemse sentche Hevdlosest

al l owabl e_horizont al. di_stance- hetween the vertical ,edge of t.he_ bottom

ol ate. ARAVE-cORaTc L ETSaar i Brog e oo AP FoRBUBPEs8 117

PCT/ EPO268%849 approasd idieteapac Thiereasan deelae plotienali adonredizsgenodth t he
| evel _above. Thi.s di nce wll be referred t s the capaci tor cl osest
appr oa&hoH g??n@&?‘tﬁhi’% %Q%&Oa%ﬁ?&té’ﬁ‘t P&Iacéleeglgiggaﬁ?ﬁeﬁ r &35 pl at e
152 dodambgeboitt amepleatre itl0 20adseet Bheplkap®ladanegenaf dielectric 120

fromthe top plate etch. A distance denoted by arrow 155 represents the
cl osest allowabl e distance between the vertical edge of the top plate and

the correspandipgaedee dehotke bot hewop! atbe. rEipresdntlcafte Wddedte referred
to as ttfiplﬂegiage,cl osest _approach_distance. . The distance is required for

cont r oft PRARa e ShermSe hetHE SNt ¥eEkd CPd £IGSMOitn thiRe toPe PP S

enbodi gRAt th&heoexkapbnefingt Beghobiromhpl 8be tiRy e tkNCMPased QR 9k Or nore
sides (greater than the | eakage cl osest approach distance)_ in order to
accommBdatePsr E8&ergeds tooREaERSt & BheIBoCLOTEStaE®PPPRGh AiStegsS-at es t he

resul t ek depeahblnd sl HeRfiarar rodl ebaghblC o408 bxidehetiund thiae set of
capacitor plates. The |ower portion of interlayer dielectric 140, denoted
by br apkages and is 1.0pm in the preferred embodiment. The extent of
the bottom plate may be increased on one or more sides (greater
than the leakage closest approach distance) in order to

accommodate areas for a contact to the bottom plate.

Fig. 4 illustrates the result of depositing interlayer
dielectric 140 (oxide) around the set of capacitor plates. The
lower portion of interlayer dielectric 140, denoted by bracket
146 and illustratively 300nm, is deposited in such a manner that
it eliminates voids that could form a leakage path
(illustratively deposited at a lower rate. The term void is used
to mean an opening of 20nm or more to distinguish it from the
normal porosity of oxide. In order to be able to resume the Cu
dual damascene processing a planarizing process such as CMP is

applied to take off the generated topography.

Fig. 5 illustrates the result of etching a set of metal
lines 141 into oxide 140. In the illustrative example, the
interconnects are used in a dual~ damascene scheme. This is not

essential and other approaches may be used.

Fig. 6 illustrates the result of etching the vias - 142 on
the right, stopping on oxide 120 and 144 and 146 stopping part
way through the nitride layers. Both layer 132' and 102 should

be thick enough to give a reasonable margin to prevent etching



146 and illustratively 300nm is deposited in such a manner that it
elimnates voids that could forma | eakage path (illustratively deposited
at a | onawopa08117The termvoid is used to nean an openi NBCDOEP@DNMr nore
to distinguish it fromthe normal pofosity of oxide. In order to be able
to restbeoudle Ty thigalavarebernethr otessPugraspl ahaFhzbBngapEdeéss such as
CWP i sg e t t g | ystrat es
t he resu?? # g%c ?H%ggtgég %Psﬁg ?éa%fﬁgs 16?%§% 3EFggn?4EE ?% t he
ill ustﬂﬁ@dvven eidasphextt heepi andr foomeths svbsegedninresdasl stdammascene
schene % is not essential and other approaches may be used. Fig. 6
|IIust? es ?he result of etching the vias - 142 on the right, stopping on
oxi de 120 and 144 and 146 stopping part way through the nitride |ayers.

Bot h | h

o prevent BeriiiCu 5210001 Pt EE5rEHBHS b8, rileRe STRRIERAS. O
beneat appddecipuveosecnf thai sopaplaaé andchhegnearéstpemEetrodepper 20 from
th t chant d h t th b

resi o iR ke be O iR e ThEn ek aER it ACA . Gprabih ot b of ok iRy
aIIomabbweranpjbac@oh@émeeﬁ tbp pbatpl B3e ahdoth deéalestreébetROdode,

illust atlve 5% The Igaﬁage path in question is fromthe | ower
ri ght %T%%? dﬁth F&™238FHr ough dielectric 120, danmged by the
pl asma etch. Fig. 7 |IIustrates the result of stripping the renaining

nitride in gpertyres 138 and 180, SXBOPLN9sCOPREL L APEL UL i ning
nitride in apertures 144 and 146, exposing copper in aperture
146 and TiN in apertures 144 and 142. The via etch process has
to be such that in no case all of the TiN at the bottom of the

via is removed.

Optionally, the steps shown in Figs. 6 and 7 could be
combined, with a single etch step using CHF:/0, chemistry etching
all the way through nitride layers 132' and 102, stopping on the
top and bottom plates. It should be noted that, in this process,
copper is not exposed until the step of stripping the remainder
of the nitride cap 134 - 132'.

Fig. 8 illustrates the result of depositing a conventional
TiN liner 162 and copper capacitor interconnect members 160 and
165.

On the left of the Figure, the connection between lower
level interconnect member 20 and upper level (and capacitor)

interconnect member 165 is conventional in copper technology.

The result is that the contacts to the capacitor plates are
from above, not from below, and that in both cases, the contact

is between layers of TiN and TaN/Ta. The amount of penetration



146 and TiN in apertures 144 and 142. The via etch process has to be such
that in no case all of the TiN at the bottomof the via is renoved.

Opt i onal w0 02/bs818t eps shown in Figs. 6 and 7 could be corOI/ERe/01MY h a
single etch step using CHF3/02 chenmistry etching all the way through

ni tri déntayshs Tsﬁ waga depengt oppimagusacthe ingopodedapetesomSy doag. alst

shoul doBgsnaladalhal s skl 8PLACESS) AGORATL 3N manased until the

step of ‘stripping the renai'n hé nitri cap Fig. 8
illustrates the result of depositing a conventional TiN Ilner 162 and

copper capagLoL LOLELENREL Jeubets 160-and, 169 Onbhe dell sof the

Figure, the connect on Svel PErcomnéct reitb and
upper bedelr canﬂedapactheryesustamcenMecthaegmag &ﬁﬂ.ﬂ&s@@@m@nhgon&hd n

copper . techn I The.resul.t is that th tacts to the.capacit 5 plates
P shBanat Rt a FREAREIN I Bay M hhut " Br BB bkl e e
betmeeprbayéESanfR¢|Nlaadc$aHt£at fhatawoumﬁ (612) pebeubageoﬁdesﬁab0581l7
PCT/EP02/01049 the Ti.N.wi l.l depend o nuf acturi ng tol erances. So
Cong BerEBeE e ont nbeS; & FaaCehk by cheaPart, o BBy Pt . §o At
CapaCithé bett e phahe &ayarcaﬁppsbwed&tbu&ﬂubelba togeehdro wietuee Thie
resi stance to chaggi and di schar ing .The to has a %ﬁ%&%tivﬁ§% of
about 58YShnBPsGURFET TRhi BRYWEE &t pPELYS - afP OPF Yeofist frat' Woul d
be toobbatgrR bLAtEONWitRUAPOAES. hAkiAgSaareeskstiviily oFf apbaut 42
e & A5 80r 21 i Be 38, A chly BYEELPLIIRSAIUCLYg Looet her
judgment call as to whether the extra expense is required for a

particular circuit.

Optionally, if the structure is so high that it presents
difficulties in maintaining planarity, a recess can be etched in
the interlayer dielectric and the lower plate formed in the

recess.

Further, the capacitor may be at the highest level of
interconnect, so that it is not necessary to planarize the
insulator 140. Also, a different material, such as aluminum,
could be used to make contact with the capacitor. Aluminum is
often used as the material that makes contact with the external

chip terminals.

Dimensions have been listed for illustrative purposes only
and those skilled in the art will readily be able to adapt the
example given to their own requirements. For example, the
minimum distances to control leakage will depend on both the
resistance of the materials along the relevant path and the

amount of leakage that i1s tolerable in a particular circuit.

While the invention has been described in terms of a single

preferred embodiment, those skilled in the art will recognize



| ayer as a barrier may be attractive. Optionally, a thicker TiN bottom
plate (wwth no Al) having a resistivity of about 40 ohns/square could be
used. A ovdpasssiigner will have to make a judgnent call BeTEBI2Hetdher t he
extra expense is required for a part§cular circuit. Optionally, if the

st ruct ket shgolnvghRtipat cppr beebsacticadf fncubrieysi vergianai Wikgin
planarihy. sBi £ e€easacalone SEChRd EBLIbS ek AYer dielectric and the

| ower plate fornmed In tﬁe recess. Further, the capacitor nmay be at the

hi ghest | evel of interconnect, so that it is not necessary to planarize
the insulator 140. Also, a different material, such as alum num could be
used to make contact with the capacitor. Alumnumis often used as the
material that makes contact with the external chip term nals. D nensions
have been listed for illustrative purposes only and those skilled in the
art will readily be able to adapt the exanple given to their own

requi renents. For exanple, the m ninmmdistances to control |eakage wll
depend on both the resistance of the naterials along the relevant path and
the anount of |eakage that is tolerable in a particular circuit. Wile
the invention has been described in terns of a single preferred enbodi nent,
those skilled in the art wll recognize WO 02/ 058117 PCT/ EP02/ 01049 8 that
the invention can be practiced in various versions within the spirit and
scope of the following clains. WO 02/058117 PCT/ EP02/ 01049



9 CLAIM5 1. A nethod of making a parallel plate capacitor in an

integrated circuit enploying copper interconnects, conprising the steps
of . formwagoziessites and | ower | evel interconnects, at |eaBCT/EB@ELYf which
are formed from copper, of said integtated circuit, including a set of top
| ower | evel interconnects; formng an initial capacitor stack conprising a
first cap layer having a first capéﬂﬂﬁﬁgess, a conductive bottom pl ate

| ayer di sposed over said first cap layer, a capacitor dielectric |ayer

di sposed over said conductive bottomplate |ayer, a conductive top plate

| ayer di sposed over said capacitor dielectric |layer, and a second cap

| ayer having a second cap thickness disposed over said conductive top

plate hayera gkehbldoFandkiagordpeapiiaveniand sapddieRPliat & ayer,

st oppi ng on said capacitor dielectric layer, to forma capacitor top plate
cover ed™5fI¥ateds €dERY1EaIMPAPFH NS SOPPEAD AHItEFC NP C tS!: atc@R& isg "Sont ai ned
wi thinggccapapist gir.area that is offset froma closest one of said set of
top lower level interconnects by at |east a mninmum offset distance;
forming a third cap layer having a third cap thickness, whereby exposed

portions of rgahdngapach bt dihgl €6l C 1l.-3%8r i?lﬁ:%rc%%%%%%%,b%é%ie%stthi rd cap
| ayer and sai d conductive top plate is covered by a top plate cap |ayer
havi ngsemeopfpiaiehcapet ivzknds Sroubsrepeiral of eqddl ingegivetsdm of said
SeCO”P‘c%@HiEU' 1-83R1 0B 6KagESEE +BLCRINR S At Nt GaRIARy, Said
capacitor dielectric
forming an initial capacitor stack comprising a first cap
layer having a first cap thickness, a conductive bottom plate
layer disposed over said first cap layver, a capacitor dielectric
layer disposed over said conductive bottom plate layer, a
conductive top plate layer disposed over said capacitor
dielectric layer, and a second cap layer having a second cap

thickness disposed over said conductive top plate layer;

etching said second cap layer and said top plate layer,
stopping on said capacitor dielectric layer, to form a capaéitor
top plate covered by said second cap laver, said capacitor top
plate being contained within a capacitor area that is offset
from a closest one of said set of top lower level interconnects

by at least a minimum offset distance;

forming a third cap layer having a third cap thickness,
whereby exposed portions of said capacitor dielectric layer are
covered by said third cap layer and said conductive top plate is
covered by a top plate cap layer having a top plate cap
thickness substantially equal to the sum of said second and

third cap thicknesses;

etching said third cap layer, said capacitor dielectric

layer and said bottom plate layer, thereby forming a capacitor



| ayer and said bottom plate |ayer, thereby formng a capacitor WO 02/058117
PCT/ EP0O2/ 01049 10 bottom pl ate covering said capacitor area and extendi ng
past saiwiooapwmeit or top plate on all sides, whereby all pdyeBo2awfio®ai d
capacitor bottomplate are offset |atierally from corresponding edges of

sai d 6bpatbmop1abp pbuteiby abifleaspaaitop prabeanfif sgtendisgapeet
depositing a_la inte ectrl set of  vi

e rmn
apertu%%% i i28aFY EOHtB?Pa@@?ggd?B|8§h e?foB%eﬁgkggagalgdpﬁﬁspfaﬁalphlrd
cap | ayapacitepppbngorl blatesard bﬁEsdtcaatéayenyiﬁrambobkaéspbaﬂangcontact
area abgve sai.d bottom Ia e and o de, sa r enmp on
2 Dor (PONCET S5 aPA PN THEEAFoF apeP RDSYE BX B LOR=Pl & EOPRBAaFep hraLE
cont aciigtencekleaving a remaining thickness of said third cap layer in said

top plate contact area; renoving said capacitor dielectric in said bottom
plate contact area; renoving all of said remaining thickness of said third

cap |ayer 8spsaidihgpaplayercent agtedl@gerandelaei-ng;capacitor
i nt erconnect nenbers of a set of upper level interconnects in said top
pl ate contact area and said bottomplate contact area. 2. A nethod

accordlng t@oﬁhih§1é skh ¥hi ¢hasapdrbai-teampl akeq haverik§ed conposite
| ayer rising | ower highly conductive _|ayer _and an upper conductive

barrléﬁl? 9%Fréﬁd §5Pﬁpé¥%p06fsaF@n§9Fﬁ5 8uflgtRapdcresr Laversétric in said
bottom pl ate cont act

removing all of said third cap layer in a bottom plate
contact area above said bottom plate and outside said top plate
and removing only a portion of said third cap layer above said
top plate in a top plate contact area, leaving a remaining
thickness of said third cap layer in said top plate contact

area;

removing said capacitor dielectric in said bottom plate

contact area;

removing all of said remaining thickness of said third cap

layer in said top plate contact area; and

forming capacitor interconnect members of a set of upper
level interconnects in said top plate contact area and said

bottom plate contact area.

2. A method according to claim 1, in which said bottom plate
layer is a composite layer comprising a lower highly conductive
layer and an upper conductive barrier layer and said step of

removing said capacitor dielectric in said bottom plate contact

area penetrates only said upper conductive barrier layer.



area penetrates only said upper conductive barrier layer. WO 02/ 058117

PCT/ EPO2/ 01049 11 3. A nethod according to claiml1, in which a |liner

mat eri al wao02/ei8psited in said top plate contact area andP€BEHZID49%m pl at e
contact area; and a |ayer of copper i1$ deposited above said |liner naterial
and paﬁtern@dmebh®6racsardlﬂgtt@be@p@r1lewelWhmﬂbr@ohm@@tsmatﬁrlAlnéﬁhod

accor difigeL0cchal n du ync i ol saldestep. oLoLoLILNg.Raseool o aaapert ures

in sai PRt &F ayer 4@k €S Si iul'taneouslr'y formmn

apert wastdot saed; sehdof upper |evel interconnects; said step of renoving
only a portion of said third cap |ayer above said top plate includes

si mul taneously renoving only a portion of said third cap layer in said via
apertures farlaped osebopﬁenpperdéﬁﬁehtéatabcoeneais lsakd sheprdhlrenoving
all of id renainin EIC ness_of _said thlrdlcagl XE in sal top plate
contac? rRACFRETEdesC ?ﬁ%l?ﬁﬁ@oﬁ%Fy elBYPhg-&VF-of EFSOPEﬁﬁlﬁlng

t hi ckness of said third cap layer in said via apertures for said set of
upper _level interconnects; and said, step of fornlng capaci tor interconnect
menber: of & MEEROGf aGHPELITGVEP FhEdRconneRt¥NiANsaid top plate contact
area and said bottom plate contact area includes sinmultaneously formng
capacitor interconnect nenbers for said set of up | evel i nterconnects.
5. A met hodsatéofEFRgof oferaing 12 ﬁﬁtmﬁfcﬁléaﬁﬁeéghﬁéﬁtéﬁ sghfler connect

member s, @k e A UM QY8 ectric includes simultaneously forming via

apertures for said set of upper level interconnects;

said step of removing only a portion of said third cap
layer above said top plate includes simultaneously removing only
a portion of said third cap layer in said via apertures for said

set of upper level interconnects;

said step of removing all of said remaining thickness of
said third cap layer in said top plate contact area includes
simultaneously removing all of said remaining thickness of said
third cap layer in said via apertures for said set of upper

level interconnects; and

said step of forming capacitor interconnect members of a
set of upper level interconnects in said top plate contact area
and said bottom plate contact area includes simultaneously
forming capacitor interconnect members for said set of upper

level interconnects.

5. A method according to claim 1, in which said capacitor

interconnect members are aluminum.



