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Background of Invention 1) Field of the Invention Sone enbod S

i nvention relates generally to the fabrication of sem conductor dgyisees

and particularly to the fabrication of a capacitor in a devic
particularly to a MM (netal -insulator - nmetal) capacitor. 3”@@@““”%:"”"”",
Description of the Prior Art In many nilxed signal or high fre .
applications both high perfornmance, high speed capacitors and i nd¢f®3rs
are required. Low series resistance, lowloss, 15 high Qand low (RC) tine
constants are required iAQMé&hsd Fortn Adean@dMIMoQhpaciorons for high
performance. In addition, it is inportant to fabricate device structures by
processes conpatible wth CMOS processing with Al Cu alloys to pure copper

I n dual damascene structures. A netal-insulator-nmetal (MM capacitor is
used commonly in high performance applications in CMOS technol ogy.

Typi cal ly, the capacitor has a sandwi ch 20 structure and can be descri bed
as a _parallel plate capacitor. The capa ig?r top netal (CTM is separated
fromthe capacitor bottom net al Bg B‘io RRHO syl ating | ayer. Both two
paral | el I Eﬂ?};ﬁent ilonally made from Al or Al Cu alloys. These

net al s alr)eﬂpegét tsgtrh%elgwan etched needing several photolithography photo
maski ng steps. The t [Siomeienshodahentgofithed ieed¢ntion rélates geneyallyusuthe Fabricatien 6ff om

silicon oxi,de or silicon nitrjde depgsi by chem cal vapor deposition 25
(CVD). semiconductor devices ang part{cu arly tg %he ttagr(iicatl%no a capac%tor 16111pa ev?cepanﬁ more

T
I
I

particularly to a MIM (metal -insulator - metal) capacitor.
10

2) Description of the Prior Art
In many mixed signal or high frequency RF applications both high
performance, high speed capacitors and inductors are required. Low series resistance, low loss,
15  high Q and low (RC) time constants are required in these high frequency applications for high
performance. In addition, it is important to fabricate device structures by processes compatible
with CMOS processing with AlCu alloys to pure copper in dual damascene structures.
A metal-insulator-metal (MIM) capacitor is used commonly in high
performance applications in CMOS technology. Typically, the capacitor has a sandwich
20  structure and can be described as a parallel plate capacitor. The capacitor top metal (CTM) is
separated from the capacitor bottom metal (CBM) by a thin insulating layer. Both two parallel
plates are conventionally made from Al or AlCu alloys. These metals are patterned and etched
needing several photolithography photo masking steps. The thin insulating dielectric layer is
usually made from silicon oxide or silicon nitride deposited by chemical vapor deposition
.25 (CVD).
; The damascene processing is a common method for fabricating planar
copper interconnects. Damascene wiring interconnects (and/or studs) are formed by depositing
a dielectric layer on a planar surface, patterning it using photolithography and oxide reactive

ion etch (RIE), then filling the recesses with conductive metal. The excess metal is removed by



‘The damascene processing is a common nethod for fabricating planar copper
I nt ercohnects. Damascene wiring interconnects (and/or studs) are fornmed by
depositing a dielectric |ayer on a planar surface, patterning it using
phot ol i t hography and oxi de reactive ion etch (RIE), then filling the
recesses with conductive netal. The excess netal is renoved by 2 chem cal
mechani cal polishing (CVMP), while thetroughs or channels remain filled
with nmetal. For exanple, danmascene wring lines can be used to formbit
lines in DRAMde."';'-es, with processing simlar to the formation of W
studs in the |logic and DRAM devices. In both exanples, sputtered Ti/Ti N

l'iners, dhRARd WiedBarfital EJUﬁélﬁhE% EIP) sitile theuBudRR ch@dleRteMain filRdohiiieail.
vapor de osited (CVD) W then polished back to oxide. In the

dual - cxmaplsr danasseneawiringdines Rarbeused foforen kit HoestinRRAM deiqeadwith r om

t he rep t ni.n n | t al
fitling g%%%a%gs}rﬁlﬁ?: 5 ?tfec}fgnr%%t "quv‘&Sya[ g%iogg(g;\ 4 b%‘&ﬁ deg ggg)sélo{ﬂéd on a
pl anar séxafriples, spﬂmeredxrlﬂﬁNt1Meed< nﬁ@alynsg dlsﬂuslghtbbmdr@mg% béelﬁ&:ﬂaﬁeh@thﬁSI red
final_ thickness of the . stud and wr a small ampunt of -10 oxide is

removed G VP, deB?%@dKQY@Q%@%@%@BPH@@@M{%@ e usi ng _
phot ol i t hogr aphy %@eﬁ%&aﬁﬂ&nﬂ&ﬁ@ﬁm ohé{htﬁfc wﬁr@r @H&nre i Porfitlyde _or

traverses the oxide an ops on t ylng met e contacted. The
Wi re recgendhe rbpﬂatédnpﬁttdbﬂng of asithglesthivy oaudiaetiim follewep ibg:tmﬂtaltﬂibgg aph@Mt. ep

and a ti dox de If the former stud. R opt|on, i used, the
wire et c h?ﬁb’?lg’ttgg’i‘ﬂ%@s d?‘lpqulfr deposited o2 B %r%f%%Ef f@xm@hw 45818
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resultingn onnects are produce ewer procéss steps than wth
conviént | oxidg is rpmov,eh@rng Q. Sﬁlklrred;dssescawfornhadasﬂle m1®rwn@qﬁxotdlmhngrmr of
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process #hRkyig thethiothPecBR@EIH OT 1% @136 recesses can then be formed using a separate
photolithography step and a timed oxide etching step. If the former stud RIE option is used, the
wire etching completes the drilling of the stud holes.

15 Next, the stud/wire metallization is deposited, then planarized using CMP.
The resulting interconnects are produced with fewer process steps than with conventional
processing and with the dual damascene process, two layer of metal are formed as one, i.e.,
wiring line and contact stud vias, avoiding an interface between the layers.
There is a challenge to determine a process that will form capacitors and

20  interconnects using common process steps.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as documented
by the relevant patent and technical literature. The apparently more relevant technical

25  developments in the patent literature can be gleaned by considering US 6,338,999b1(Huse et
al.) that shows a process f(;r dual damascenes capacitors.

US 6,329,234b1(Ma et al.) reveals a Cu compatible capacitor process.

US 6,281,134b1(Yeh et al.) shows a process for combining a logic circuit

and a capacitor.



" 20 interconnects using common process steps. The inportance of overconing
t he various deficiencies noted above is evidenced by the extensive

t echnol ogi cal devel opnent directed to the subject, as docunmented by the
rel evant patent and technical literature. The apparently nore rel evant
techni cal 25 devel opnents in the patent literature can be gl eaned by
considering US 6,338,999bl (Huse et 3l.) that shows a process for dual
damascenes capacitors. US 6, 329, 234b1(Ma et al.) reveals a Cu conpatible
capacitor process. US 6,281, 134b1(Yeh et al.) shows a process for comnbi ning
alogic circuit and a capacitor. 3 US 6,271,084b 1(Tu et al.) shows a
process for a MM cagg®,17r08451 (Ta et al. FéRMs@prodaRs e VM ¢aphéifoh ukiadR)
process. US 6,025,226£Ganb|no et al.) shows a nethod for a capacitor using
cheni calcheraichbmicekaniosbpelishi(RyIR)aMPyesss US 6, 180, 976b1( Roy) shows a thin

filmcapacitor neth . itor
met hod using a chemogglé&nsgzczﬁgﬁ?‘%glﬂngpj?éﬂ%ls%ﬁg%%&é?%%§g%%@%§g$§ of the
| nvent i @hethical-meetianidaj pelishirfg @MPbodi nent of the present invention to
provide a mnmethod for fabricating a capacitor., 5 It is an qbject of an

enbodi ment of the prE@S&nt8GIPEAR sheyvinr By Hbm gapacenBgthodr fabricating a
metal - insulator - Ugt@iSS(,MIM (P%ﬁﬂ@acétta% shows a capacitor method using a chemical-

mechanical polish (CMP) step.



"An"enbodi nent of the present invention provides a nethod of -10
manuf acturing a capacitor which is characterized as follows. A capacitor

botttom plate and a first nmetal line are formed over the sem conductor
structure. W forma second dielectric |layer over the capacitor bottom
plate, the first nmetal |l.ine, and a first dielectric layer. Next, we forma

top plate opening in the second dielecfric layer to at |east partially
expose the capacitor bottom plate. A tapacitor dielectric layer is forned
over the capacitor bottomplate and the second 15 dielectric layer. W form
a capacitor top plate in the top plate opening. Subsequently, we form a

vi a openi ng through at | east the second dielectric |layer and the capacitor
dielectric layer over the first metal line to expose a portion of the
first metal line. Next, we fil|Summayyof thedmventighth a second netal |ayer

to forma via plug. el @ bhid dhBlabeRtd e bRYSH MRlof fSppite vg and

the capacitor top pl orma’ftirs rencht openi ng and second trench
openi ng @Adthold fefbriédimgtadapskideel ectric | ayer, the second passivation |ayer
and the third passivation layer. The first trench openi ng exposes a
porti%n of the capacitor top plate. The second trench opening exposes a

port i on of the via Pl e ot L] e bieSOf St Idprbiget {r ench

opening and a second trench”plug 1s the secon rench openi ng.

pl at e, t methodfarcfabrcatingiaahetal +insulatod - hiveal I(RtIM) wapdcitbe f orm a capacitor. The
via plug and the second trench plug forma 25 interconnect. Additional

obj ects and advantages of the invention will be set forth in the

description that fol '&I"V@mb@mﬁlw"ﬁf‘éE’fﬁ%ﬁt'in‘tb%tigﬁ)?m’-f}?ﬁegfaf{@&h&!‘@f description,

or may be learned by 5 practice o e inventio | ects and
advatt agesnuafactutieg aweparitoowhivhyis biearaceaizeded fellmvs. obtapacaar mttomeplat: anid a

ICPZ;[ :Tg rre %s lmiettall Tite %xnedfogrge imrrle%tt. e sne?ni Sh uict(z)lrJ lstz%\rlétt\{rep quetfgldm glétecoinﬂ dtlquctra}g Pa%'glq
over the capacitor bottom plate, the first metal line, and a first dielectric layer. Next, we form a
top plate opening in the second dielectric layer to at least partially expose the capacitor bottom
plate. A capacitor dielectric layer is formed over the capacitor bottom plate and the second

15  dielectric layer. We form a capacitor top plate in the top plate opening. Subsequently, we form
a via opening through at least the second dielectric layer and the capacitor dielectric layer over
the first metal line to expose a portion of the first metal line. Next, we fill the via opening with
a second metal layer to form a via plug. We form a third dielectric layer over the via plug
and the capacitor top plate. We form a first trench opening and a second trench opening

20  through the third dielectric layer, the second passivation layer and the third passivation layer.
The first trench opening exposes a portion of the capacitor top plate. The second trench
opening exposes a portion of the via plug. Next, we form a first trench plug in first trench
opening and a second trench plug is the second trench opening. The top plate, the capacitor
dielectric and the bottom plate form a capacitor. The via plug and the second trench plug form a

25  interconnect.

Additional objects and advantages of the invention will be set forth in the

description that follows, and in part will be obvious from the description, or may be learned by



Brief Description of the Drawings 5 The features and advantages of a

seni conduct or device according to the present invention and further
details of a process of fabricating such a sen conductor device in
accordance with the present invention will be nore clearly understood from
the follow ng description taken in conjunction with the acconpanying
drawings in which |ike reference numgerals designate simlar or
correspondi ng el ements, regions and portions and in which: -10 Figure 1 A
is a cross sectional view for illustrating a nethod for formng a

capacitor according to an enbodi nent of the present invention. Figure 1 B
is a cresstiseof gxe m&}enﬂbmwTﬁﬁ%bjédtk aisd acb?htaﬁesaoﬂthé hnventi@r mhp bereudized and

capaci tor accqrdin an enbodi ment, of the present |nvent|on Figure 2 is
o or 0SS @@&qddwpeagns @quaﬂe%%% cﬁglbén%’i@flﬁ%l“?‘b‘?f Y BPIRiGe P in #8 append
capaC|tthﬁ&cord|ng to an enbodi nent of the present invention. Figure 3 is
a‘cross sectional view for illustrating a nmethod for formng a capacitor
according to an enbodi nent of the present invention. Figure 4 is a cross
sectional view for illustrating a nethod for formng a capacitor according
to an enbodi ment of the present invention. 20 Figure 5 is a cross sectional
view for illustrating a nethod for formng a capacitor according to an
enbodi ment of the present invention. Figure 6 is a cross sectional view for
illustrating a method for formng a capacitor according to an enbodi nent
of the present invention. Figure 7 is a cross sectional view for
ill-ustrating a nmethod for formng a 25 capacitor according to an

enbodi ment of the present invention. Figure 8 is a cross sectional view for
illustrating a method for formng a capacitor according to an enbodi nent
of the present invention.



" Figure 9 is a cross sectional view for illustrating a nethod for formng a
capacitor according to an enbodi nent of the present invention. 7 Figure 10

is a cross sectional view for illustrating a nethod for form ng a capacitor
according to an enbodi nent of the present invention. Figure 11 is a cross
sectional view for illustrating a nethod for form ng a capacitor according

to an enbodi nent of the present invention. 8 Detailed Description of the
Preferred Enbodi ments 5 A preferredenbodi nent of the invention forns a
capacitor and nore preferably forns an advanced RF Metal - Insul ator-
Metal (MM capacitor that is suitable for 01.3 gmtechnol ogy and bel ow. A
preferred enbodi nent is described below. As shown in FIGURE 1 A we provide
a sem conductor structure 10. The sem conductor structure 10 preferably
has a top surface conprised of at |east an upper 10 dielectric |ayer. The
top surface could conprise an inter netal dielectric (IMD) or interlevel
dielectric (ILD) |layer with enbedded conductors or lines. The top surface
preferably conprises an | MBlaf/Béscription®TiRéDegwingsduct ors or |ines.

Sem conductor structure 10 is understood to possibly include a,

seni 8onduct or waf er , Thefealuresand asiyantages ofasemicondustppdevige ascordingdodhs er ;

and ins i £ : . o

aur f ace. gl Hedilon ghd SRS Rl Br s BRES IRIRRER SR e el Blice i
exposed aceyrdarceovidt the peesehtcianchtiohovilliefmere chaacl vaderatood fivu theifoldowingy er

and/ or conductive lines. We forma capacitor bottomplate 30, a first netal
line 36,desgiptignitakesyin copiunetion yith &g;ﬁe?owmd%@wgl% @Wﬁs&hﬁﬁ@treﬁer%¢ ucture

10 (See i€ ddsiflate Sifilaf 8P&StesPSndhtY 410 knts, regions and portions and in which:

10 Figure 1A is a cross sectional view for illustrating a method for forming a

capacitor according to an embodiment of the present invention.
Figure 1B is a cross sectional view for illustrating a method for forming a
capacitor according to an embodiment of the present invention.
Figure 2 is a cross sectional view for illustrating a method for forming a
15 capacitor according to an embodiment of the present invention.
Figure 3 is a cross sectional view for illustrating a method for forming a
capacitor according to an embodiment of the present invention.
Figure 4 is a cross sectional view for illustrating a method for forming a
capacitor according to an embodiment of the present invention.
20 Figure 5 is a cross sectional view for illustrating a method for forming a
capacitor according to an embodiment of the present invention.
Figure 6 is a cross sectional view for illustrating a method for forming a
capacitor according to an embodiment of the present invention.
Figure 7 is a cross sectional view for illustrating a method for forming a
25  capacitor according to an embodiment of the present invention.
' Figure 8 is a cross sectional view for illustrating a method for forming a
capacitor according to an embodiment of the present invention.
Figure 9 is a cross sectional view for illustrating a method for forming a

capacitor according to an embodiment of the present invention.



20 plate 30 f§>sbééedifron1the first netal line 36 pfefefabIQ_By—thé first
dielectric layer. The first dielectric |ayer can be conprised of one or

nor.e Iayers The capacitor bottomplate 30, a first nmetal line 36 can be
formed using a danmascene or dual damascene process. The capacitor bottom
plate 30, a first netal line 36, and a first dielectric |ayer 34 can be

formed on a dielectric |ayer such as &a 3rd | evel dielectric |layer or 3rd

| evel inter 25 netal dielectric (IMD) layer. The dielectric layer is
preferably an uppernost |ayer of the sem conductor structure 10. Al so, the
first nmetal Iine 36 and the capacitor bottomplate 30 can for be forned
si nul t aneousl y f rom Ftwrer Huistarcross\settianat wiewl fayﬁkustraxim methed ffor forming a

dielectric Ia oul d be.an i r dielectric (I MD) layer such as
a fourtH’Paec\}tg a‘f P%i x40 crgbodige %cgl\kﬁef’ﬁqsqf’l RBU9MA  we forma first

dielectric layer 34 py@te Pl RYNAr6RNEsdmAl v&Wfdellﬁ"s@at aﬂi@ﬁloalf&sfonﬁh@aect ric
| ayer 34 preferabké has a thickness between 0 A Next, we

form a capesitor agco ngmwmmb@lmpetmfﬁ@eMSmm\@nﬁm st rret aI Ilne openi ng 32
inthe first dielectric layer 34. 5 Wth reference to FIGURE |A, we forma
barrier layer 33 and netal |ayer 35 over the first dielectric |layer 34 and
the sem conductor structure 10. The netal |layer preferably fills the
capacitor bottom plate opening 31 and the first nmetal |ine opening 32. The
netal layer is preferably conprised of Cu or Cu alloy. The barrier |layer 33
(e.g., capacitor bottomplate barrier layer) is preferably a copper
bar.rier layer such as Ta or TaN. 10 Next, we planarize, preferably by

chem cally mechanically polishing, the netal |layer to formthe capacitor
bottom plate 30, and the first netal line 36. The capacitor bottom plate
30 -and the first netal line 36 could be fornmed by a damascene process or by
a netal patterning/etching process. The first dielectric |ayer 34
preferably has a thickness between about 1000 and 10,000 A. The barrier

| ayer 33 is preferably renoved from over the



15 dielectric layer 34. Referring to FIGURE 1 B, we forma first
passivation |ayer 40 over at |east the capacitor bottom plate 30. The
first passivation layer 40 is preferably conprised of a low dielectric
constant (>3.0) etch stop layer, such as silicon nitride (SiN) or Si C and
nost preferably conprised of SiN and preferably has a thickness of between
about 100 and 1000 A. 20 The passivation |ayer can be used as an etch stop
i s a subsequent damascene or dual daBascene process. As shown in Fl GURE
B, we forma second dielectric |ayer 42 over the capacitor bottom plate
30, the first metal line 36, and a first dielectric |layer 34. Preferably
the second dielectric |ayer is conprised of oxide and has preferably a

t hi ckness between 1000 and 25 10,000 A. Referring to FIGURE 2, we forma
top plate opening 44 (e.g., danmascene trench opening) in the second
dielectric |ayer 42 first passivation |layver, 40.tqo. at |east partially
expose the capacitor a@%ﬂ‘%@ﬁf%ﬂ&'%&%f’ gfﬁégW?Hgaﬁwf passi vation

| ayer is used as a etch stop during the etch opening process. 10
Referring to FIGURE 3, we forma capacitor_ dielectric |ayer 46 over the
capacl tor bottom pl at4 pgderrethemberimentcefiibe ventian forms p gapacitapandmere
capaci t or, . di 1 C. 4 | re ) I . ' k. materi al
wih o apsPughiFibi S A ERed Re Mel TSR MEQT RTS8t MU Tl P B

di el ectr pe.3l 8y edchAdlofgp akdbR6WS €Al pRifergéd éraBoUiMEHITE HedctiBed BEIGW) , barium 5
strontiumtitanate or silicon nitride (SiN) and nore preferably conprised
of SiN. As shown in FhosdRmMin FIGURE bt we privide @gemigendustomstinctoyst i dhe

i ol oot r PRl Rordrossh 8PP GRS o R sORp T o TR OBIRECT o1

TaN’10  dielectric layer. The top surface could comprise an inter metal dielectric (IMD) or interlevel

dielectric (ILD) layer with embedded conductors or lines. The top surface preferably
comprises an IMD layer with embedded conductors or lines.
Semiconductor structure 10 is understood to possibly include a
semiconductor wafer, active and passive devices formed within the wafer; and insulating and
15  conductive layers formed on or over the wafer surface. The term “structure surface” is meant
to include the upper most exposed layers over a semiconductor wafer, such as an insulating
layer and/or conductive lines.
We form a capacitor bottom plate 30, a first metal line 36, and a first
dielectric layer 34 over the semiconductor structure 10 (See figure 1B). The capacitor bottom
20  plate 30, is spaced from the first metal line 36 preferably by the first dielectric layer. The first
dielectric layer can be comprised of one or more layers. The capacitor bottom plate 30, a first
metal line 36 can be formed using a damascene or dual damascene process.
The capacitor bottom plate 30, a first metal line 36, and a first dielectric
layer 34 can be formed on a dielectric layer such as a 3rd level dielectric layer or 3rd level inter
25  metal dielectric (IMD) layer. The dielectric layer is preferably an uppermost layer of the
semiconductor structure 10. Also, the first metal line 36 and the capacitor bottom plate 30 can
for be formed simultaneously from the fourth level metal layer. Also, the first dielectric layer

34 could be an inter metal dielectric (IMD) layer such as a fourth level IMD layer.



Still referring to FIGURE 4, we forma first netal |ayer 51 over capacitor
-10 dielectric layer 46 and, if present, the (optional) barrier |ayer 48.
Preferably the first metal layer 51 is preferably conprised of Cu, Wor Al
or alloys thereof and nost preferably is conprised of a copper alloy. As
shown in FIGURE 5, we planarize the netal layer 51 to forma capacitor top
plate 52 in the top plate opening 44 and to preferably renove the capacitor
dielectric l-ayer 15 46 and barrier |layer 48 (if present) fromover the
second dielectric layer 42 and expose at |east portions of the dielectric

| ayer 42. The planarization of the netal |ayer 51 preferably conprises
cheni cal - nechani cal Aoshoym ind'IGhERErbAaive feryea figst diedectritlayer 3y4nO\F‘:r6URE 5, we

referably. forma second siyat i.on | ayer ver, t.he citor, to | at e
- prticoBRikd SERERECHP " A3t iier 32 prclShvcus p3RRRRS BouledR 0 o6
i s pref epabhnd PROMW AS aibx0fweobn @l caphditor Bottdaplde bpdiig1$E and4 fikeheee lingbout
100 and 1000 A Referring to FlI GU 6, we forma (e.g., at l|least one) via

openi ngEBIniBG32 iththe figy dirleqtialayet 3 second passivation |ayer 56, the second
dielgctric layer 42,yaR he fir i vation l.aver ,40 r,the . first
métal line 36 to exp\gfzt drg%eﬁeceg‘lp? #Ooﬁf%gﬁﬁﬁz"fw%rfgﬁnﬁeb[ Ierll?ﬁéggg.“d m?aj%ay{eﬁi S

i 11 ust r 35098y the fidst icde R RIyEITH ATl Bé SerhiRbNBRtdrGtrubRrdES. dhe lnhetd 1@fert 0
illustrate via oFengi ngs, to expose und_erlﬁi ng conductive (e.g. netal) line

i nt er comfréereBly fhtsehe papsrijon boston plate opseingidy and the fitsl metahbing epaniraZas Taeet ch
o 0 Uil R SRRERCE 0%, A0S BB FERT 5 Sl ||
59 to f dotwm plitabatrieglager) 6ik préfedablyrd cugpptobdrtiéilbyer such ds Taver Padef er ably form
NIRRT EIer e G i T
FI GURE ?netéﬂ’%yer to form the capacitor bottom plate 30, and the first metal line 36. The capacitor

bottom plate 30 and the first metal line 36 could be formed by a damascene process or by a

metal patterning/etching process. The first dielectric layer 34 preferably has a thickness

between about 1000 and 10,000 A. The barrier layer 33 is preferably removed from over the

15  dielectric layer 34.

Referring to FIGURE 1B, we form a first passivation layer 40 over at least
the capacitor bottom plate 30. The first passivation layer 40 is preferably comprised of a low
dielectric constant (>3.0) etch stop layer, such as silicon nitride (SiN) or SiC and most
preferably comprised of SiN and preferably has a thickness of between about 100 and 1000 A.

20  The passivation layer can be used as an etch stop is a subsequent damascene or dual damascene
process.

As shown in FIGURE 1B, we form a second dielectric layer 42 over the
capacitor bottom plate 30, the first metal line 36, and a first dielectric layer 34. Preferably the
second dielectric layer is comprised of oxide and has preferably a thickness between 1000 and

25 10,000 A,

Referring to FIGURE 2, we form a top plate opening 44 (e.g., damascene
trench opening) in the second dielectric layer 42 and first passivation layer 40 to at least
partially expose the capacitor bottom plate 30. Preferably the first passivation layer is used as a

etch stop during the etch opening process.



“preferably cheni cal -mechani cal polish the second netal |ayer 59 to a [evel

about even with the top of the second dielectric |layer 42 to form plug
via(s) 61. The second passivation layer 56 is 5 preferably renoved and
portions of the barrier |ayer 60 are renoved. Preferably the second netal
| ayer is conprised of Copper. The via plug barrier layer 60 is preferably
conprised of a copper barrier Iayeﬁ)such as Ta or TaN. As shown in FlI GURE
8, we forma third passivation |ayef” 62 over the via plug(s) 61 and the
capacitor top plate 52. The third passivation |layer 62 is preferably 10
conprised of SiN or SiC and has a thickness of between about 100 and 1000

A.. As shown in FlI CUREfékiny® FIGFURE 3 Wt f6intlh edrR6#sH dicle@yielayed 40 6oér thée
third passivation |ayer 62. The third dielectric |ayer 64 is preferably

conpr i se@pafitosRpiem pate BRgnd the secenhdislecic lpear de e hhatapatitorslideciriel laver 400 A.

Still r | t . : N3l I S eni d a second
75 1 rench Pgeaih SmpEtTi gl b uln  Shiet BURARILAG Gih 385, . TT1 C
| ayer 64Prafetabiiythetdapacitor prririricdbyamioliayanphistd ofBicbh bgynitride(SIONp datig 68
exposes a partion of the capacitor to a The second. trench opening

| at 52.
69 oRposTonHURAHEIAH o filieprniide (HNYAEhRoR R ferably GORMESCARE SIN: passi vat i on

| ayer serves as an et | { ' er oOWs an
upper trench barrier "1@;}’9@%2@5{%@ 4t’ Efﬁ%na%t%%fﬁﬁggﬁgﬁﬁlk%ﬁgt
| east filkydrifegt, e platedarrierdayeh) 480ever iy GPacitod dielatiolaget 46e Rrbfepgbdnieg 69.

Preferahly.the third netal er . is conprised of copper. The upper trench
bar-r i er%%@na@ﬁlq@mﬁfﬁa@féﬁﬁ?rgﬁpri sed of TiNor TaN. Wth reference to

FI GURE 11, we pl anar igg st JUAT Glﬁﬁ{% | ch
plug 70 (or capaci torS %1? or%ﬁgrlngwg I?r enc h’p‘{vﬁg&@lofﬁrisﬁlﬁﬁa?g%g ?%ﬁgﬁsctggéed%@ﬂg 68
and 18 25lielectoindayter 46 ahd,if prgs@f, the (aptienalg bamidr layemdh Ripfemabiy tiedfirstiinetal

) anar CBAL0 keeh’ SBt o PEVER) AT 63lchhd ool Rk 207
comprised of a copper alloy.

As shown in FIGURE 5, we planarize the metal layer 51 to form a capacitor
top plate 52 in the top plate opening 44 and to preferably remove the capacitor dielectric layer

15 46 and barrier layer 48 (if present) from over the second dielectric layer 42 and expose at least
portions of the dielectric layer 42. The planarization of the metal layer 51 preferably comprises
chemical-mechanical polishing the metal layer 51.

As shown in FIGURE 5, we preferably form a second passivation layer 56

over the capacitor top plate 52 and the second dielectric layer 42. The second passivation layer
20 56 is preferably comprised of SiN or SiC and has a thickness of between about 100 and 1000
A.

Referring to FIGURE 6, we form a (e.g., at least one) via opening(s) 58
through at least the second passivation layer 56, the second dielectric layer 42, and the first
passivation layer 40 over the first metal line 36 to expose a portion of the first metal line 36. In

25  this illustration, two via openings 58 are formed to the metal line 36 to illustrate via opengings
to expose underlying conductive (e.g. metal) line interconnects. Preferably the first
passivation layer 40 is used as a etch stop during the via opening process.

As shown in FIGURES 7 & 8, we fill the via opening(s) 58 with a via plug
barrier layer 60 and second metal layer 59 to form a via plug(s) 61. Referring to FIGURE 7,



third dielectric |ayer 64. The via plug(s) 61 and the second trench plug 69
forma interconnect or netal line 61 69. 12 The top plate 52, the
capacitor dielectric 46 and the bottomplate 30 forma capacitor. The
capacitor top plate trench plug 70 contacts the top plate 52. A RF device
preferably conprises the capacitor. 5 Benefits of the invention The

enbodi nents of the invention have qu follow ng benefits: ~ No oxide

chem cal - mechani cal polish (CW) is required to planarize the dielectric

| ayers .10 (e.g., 42 - figure 5). Since the MM capacitor formation has

not fornmed any additional typaography or step height, no_oxide CWP is
requi r edva Rrefsrabhn farmen viagyplug barrier Jayer$0c apsha sacerd megl faver 8% overthe r educes

costs. LSl S de QA dod ' . . r=Qt A ' |y one
aai 7 ongpeohuciot S8 fod B 621 GBLiY (HSE, ASBhown iFRAIRES, ALY DIC
44 can lpeefémbly:acheuﬁéai}g?ahmﬁoﬁgjbﬁsﬁ ﬂNi‘g seemxgsﬁétdleluﬁéﬁoﬁﬂ ﬁi@l&v?l}fabt:ﬁmeh ®s%ithathé ern
second 15 dielectrig |ayer A oxi de, ste eight differences for, via
etch t o 'QR 8hthgseqond dislestiie Jayerde 4 formplug W@&fbéqiﬁhe Sqqagg Bassiyapien Qg0 is

st angdar ?)réé&ﬁbﬁl &?ﬁ@%&@p&thné’éﬁh@%&?ﬂep elgé) %HS é'%;ljﬁ%E Prefirabl Qs&%n&f’\wi ly

I ntegrated 1 nto e present 0.13 msing damascene process.
Al | ows ahaialdeyarfis chinifrésed of Coppdr. Khawid plugbastier layereiOas pedferably@omphisedef al

cLen oot st TS, pr Sl o cnagyl ments"use WY damscene process Lo
TR P2 St sthe el e Enh o ashial sugdl o0 G ago o
plug(s) 61 and the capacitor top plate 52. The third passivation layer 62 is preferably
10 comprised of SiN or SiC and has a thickness of between about 100 and 1000 A..
As shown in FIGURE 9, we form a third dielectric layer 64 over the third
passivation layer 62. The third dielectric layer 64 is preferably comprised of oxide and has a
thickness of between about 1000 and 10,000 A.
Still referring to FIGURE 9, we form a first trench opening 68 and a second
15  trench opening 69 (upper trench openings) through the third dielectric layer 64 and the third
passivation layer 62. The first trench opening 68 exposes a portion of the capacitor top plate
52. The second trench opening 69 exposes a portion of the via plug 61. Preferably the third
passivation layer serves as an etch stop during the opening process.
FIGURE 10 shows an upper trench barrier layer 65 and a third metal layer
20 66 formed at least filling the first trench opening 68 and a second trench opening 69.
Preferably the third metal layer is comprised of copper. The upper trench barrier layer 65 is
preferably comprised of TiN or TaN.
With reference to FIGURE 11, we planarize the third metal layer 66 to form
a first trench plug 70 (or capacitor top plate trench plug 70) in first trench opening 68 and a
25 second trench plug 69 is the second trench opening 69. The planarization is preferably a
chemical-mechanical polish (CMP) process. Preferably the barrier layer 65 is removed over the
third dielectric layer 64. The via plug(s) 61 and the second trench plug 69 form a interconnect

or metal line 61 69,



25 As a preface to the detailed description, it should be noted that, as
used in this specification and the appended cl ains, the singular forns
"a®, "an", and "the" include plural referents, unless the context clearly
dictates otherwise. In the above description nunerous specific details are
set forth such as thicknesses, etc., in order to provide a nore thorough
under st andi ng of the present inventign. It 13 wll be obvious, however, to
one skilled in the art that the pres At invention may be practiced without
t hese details. In other instances, well known process have not been
described in detail in order to not unnecessarily obscure the present

invention. In the spagchbrplhicd?, grEtapiciorBiefidiidUeRId the bato@plas 80 tonPL
interpreted to 5 have the term "about" preceding them unless explicitly

i ndi cat ekfpasiinr] Ehe hepachoitap iplate Werehtideg 7Qeentacisitherioly plotioth ARE drviesr i bed
ith . fer.red enbodi ts th f, it will b d t ood
Wi rg&gf(e?%qgg&]g%ﬁ{%ﬁﬂper%pg&h? enbodi nent s ereo it w e under st oo

by thos e ar at various changes in formand details may
be made without departing fromthe spirit and 10 scope of the invention. It
is intended to cover various nodifications and siml|ar arrangenents and
pr'océdur es, and the scope of the appended clains therefore should be

accorde interpretation so as to enconpass all such
nodi fi cg?lé%gists g%ﬁ‘%glﬁﬁlé'\tg’;& arrangenents and procedures. 14 \Wat is clained

is: 1. A nethod of fabrication of a capacitor; conprising the steps of: a)
provi ding a sem condyctor structure; b) formng a capacitor hottom pl ate,
and a first metal |irndesgpadunens hthpiventprshaye the gqlﬁ’ﬁ‘é’ﬂg beneligst ric | ayer

over saifl SREL&ARIUEHRAL-FHeEMHRidAT Folish (CMP) is required to planarize the dielectric layers

.10 (e.g., 42 — figure 5) . Since the MIM capacitor formation has not formed any additional
typography or step height, no oxide CMP is required to planarize layer 42 due to capacitor
formation. This reduces costs. This is in-line with the current Cu protocol.

0 Requires only one additional mask to define the top-MIM plate. See e.g., FIGURE 3,
opening 44 can be formed using a photoresist expose/develop step to used to pattern second
15 dielectric layer 42.
[0 No oxide step height differences for via etch to stop on the previous metal. See figure 10.
Has easy plug-in standard via-etch (See e.g., via openings 58 in FIGURE 6. )
Can be easily integrated into the present 0.13 um single or dual damascene process.
0 Allows choice of different high K and top plate materials.
20 0O No metal etch required. The preferred embodiments use CMP/damascene process to pattern
the lines and capacitor top and bottom plates. Thus no additional machines are required.
O Top and bottom plates are preferably comprised of Cu which is a superior material for RF

devices.

25 As a preface to the detailed description, it should be noted that, as used in

1"non

this specification and the appended claims, the singular forms "a", "an", and "the" include
plural referents, unless the context clearly dictates otherwise.
In the above description numerous specific details are set forth such as

thicknesses, etc., in order to provide a more thorough understanding of the present invention. It



c) formng a first passivation |ayer over at |east said capacitor bottom
plate; d) formng a second dielectric |ayer over said capacitor bottom
plate, said first netal 1line, and a first dielectric layer; e) formng a
top plate opening in said second dielectric layer and first passivation

| ayer to at least partially expose said capacitor bottomplate; f) formng
a capacitor dielectric |ayer over s&%d capacitor bottomplate and said
second dielectric layer; g) formng a first metal |ayer over capacitor
dielectric layer; h) planarizing said first metal layer to forma capacitor

top pl ateyl d t 0, [ N1 d 1.N [ ' ayer
over " sa g% sHRlos; RsRLE Eon MRt de Bk "ol BARA0P AT b BdciPed Y00
a vi a opsithongtheby dutgls. dh otima distadaey] wetl kandngiredesshaviemolt By dessribed i dpaagli t or
dielectric |layer, said second passivation |layer and said first passivation

| ayer ovBpPrdeg iy gotampegessagilppbsciiedhe presgdaventionor tj on of said first metal
l-ine; k) filling sai I j b 1 | .o : Vi a
plug; 1) formng a t%%ﬁ%ﬁ@%@&%k{&gg%%%g@g%@ eeassa'?élg)gljetdﬁ%/elg—%%p 3% and
sai d5capmaee therteino fabopt gireceding themmmigssaexplicitlg indiedtedt ri ¢ | ayer over said
third passivation layer; n) formng a first trench opening and a. second
trench opening through said third dielectric layer and said third

passivation layer; lfyphigahdidvehén Ms%@ﬁ'p%%ﬂliaﬂ? sROWR RS déchBEd R of said
capacitor top plate; said second trench opening exposes a portion of said
vi a pl uggference to the preferred embodiments thereof, it will be understood by those skilled in the art
that various changes in form and details may be made without departing from the spirit and
10 scope of the invention. It is intended to cover various modifications and similar arrangements
and procedures, and the scope of the appended claims therefore should be accorded the
broadest interpretation so as to encompass all such modifications and similar arrangements and

procedures.



o) forming a third netal layer at least filling said first trench opening
and a ‘'second trench opening; p) planarizing said third netal |layer to form
a first trench plug in first trench opening and to forma second trench
plug is said second trench opening. 2. The nethod of claiml wherein said
first dielectric |layer has a thickness between 1000 and 10,000 A. 3. The
nmet hod of claim 1 wherein said capacitor bottomplate, and said first netal
line are fornmed by: form ng a capacihfor bottom pl ate opening and a first
metal line opening in said first dielectric layer; formng a first barrier
| ayer and a netal |ayer over said first dielectric layer and said
sem conduhkdtag clainigddkure and filling said capacitor bottom plate openi ng and
said first metal |ine opening;, and chem cally mechanically polishing said
nmetal layer to formsaid capacitor bottomplate, and said first nmeta
line. 4. The nethod of claim1l wherein said first passivation |ayer is
conprised of SiN or SIiC and has a thickness of between about 100 and 1000
A. 5. The netAdngdtheld ofifsbrivaiombld edpacisat cormpidngthdisedpsofiri c | ayer is
conprised of oxide and has_ a thickness between 1000 and 10,000 A. 6. The
met hod of cl & m ProyidingiaseigoadeepagtiucBre:di el ectric | ayer is conprised of

ey e G s 3 SRl ok
3.0. 8. - The ndirbtatieledtric layjenviershidrsemiconductof strwtureet al | ayer conpri sed of
a material selectod Lo L 02U fRbAN 0% O Qbackt iR are? W

d) forming a second dielectric layer over said capacitor bottom plate, said first metal
line, and a first dielectric layer;

e) forming a top plate opening in said second dielectric layer and first passivation
layer to at least partially expose said capacitor bottom plate;

f)  forming a capacitor dielectric layer over said capacitor bottom plate and said
second dielectric layer;

g) forming a first metal layer over capacitor dielectric layer;

h)  planarizing said first metal layer to form a capacitor top plate in said top plate
opening;

i)  forming a second passivation layer over said capacitor top plate and said second
dielectric layer;

j)  forming a via opening through at least said second dielectric layer, said capacitor
dielectric layer, said second passivation layer and said first passivation layer over
said first metal line to expose a portion of said first metal line;

k) filling said via opening with a second metal layer to form a via plug;

1)  forming a third passivation layer over at least said via plug and said capacitor top
plate;

m) forming a third dielectric layer over said third passivation layer;

n) forming a first trench opening and a second trench opening through said third

dielectric layer and said third passivation layer;



16 9. The nethod of claim1 wherein the planarization of said first netal
| ayer conprises chem cal -nmechani cal polishing said first netal |ayer. 10.
The nethod of claim |l wherein said second passivation |ayer is conprised of
SiN or SiCand has a thickness of between about 100 and 1000 A. 11. The

met hod of claim1 wherein the step of filling said filling said via opening
wth a second netal |ayer conprises : formng a via plug barrier |ayer and
said second netal |ayer over said Yeni conductor structure and fi l1ing said

vi a openi ng; and chem cal - nechani cal polishing said second netal |ayer to a
| evel about even wth the top of said second passivation |layer; said

second netal | ayqld fist genbropesitlg @kpesep A pbrtiohdf sdideapmitoptbpilate] ai m 1
wherein said third dielectric layer is conprised of oxide and has a
t hi ckness of betsks¢cambiienchopeniag ¢xneredsponionps saitvéa plsghod of claim 1

wherein said {hir Sj i I [ 1Py | I . S S a
t hi ckness of @et \/\%gﬁﬁ%bdotéﬁh Tgegalé cf? fb’(?gﬂwél%a%?ﬁés?%g ﬂ%&cp%é%nicaﬁgia%@?orﬁa
wher ei n sai d secesndhiopérihg] ayer is conprised of copper. 15. The nethod of
claiml1 wherein said third, passivation |layer is conprised . of. SSNor SiC

and has a thi@kné@@%ﬂlwﬁ@ﬁdm&m@oﬁmqfétﬁetrﬂed\/mg dBirgdieaci a pl ug
and said second I | b s RG] L apaci tor
top plate, said (gc‘{aegg%mtngrtblg? e %%%c??%hgél%{@ggg@%%dfsteom p?%%ég%ﬁg&ﬁg'a
capacitor; said capacitor is part of a RF device. 16. The nethod of claim1l

wherein said capacitor bottom plate, said capacitor top plate, via plug;
sai.d first trench plug and said second trench plug include barrier |ayers.

2. The method of claim 1 wherein said first dielectric layer has a thickness between 1000
and 10,000 A.

3. The method of claim 1 wherein said capacitor bottom plate, and said first metal line are

formed by:
forming a capacitor bottom plate opening and a first metal line opening in
said first dielectric layer;
forming a first barrier layer and a metal layer over said first dielectric layer
and said semiconductor structure and filling said capacitor bottom plate opening and
said first metal line opening; and
chemically mechanically polishing said metal layer to form said capacitor

bottom plate, and said first metal line.

4, The method of claim 1 wherein said first passivation layer is comprised of SiN or SiC
and has a thickness of between about 100 and 1000 A,

5. The method of claim 1 wherein said second dielectric layer is comprised of oxide and
has a thickness between 1000 and 10,000 A.

6. The method of claim 1 wherein said capacitor dielectric layer is comprised of SiN.

7. The method of claim 1 wherein said capacitor dielectric layer is comprised of a high k

material with a dielectric constant greater than 3.0.
8. - The method of claim 1 wherein said first metal layer comprised of a material selected

from the group consisting of Cu, Cu alloys, W, W alloys, Al, and Al alloys.



17. A method of fabrication of a capacitor; conprising the steps of : a)
providing a sem conductor, structure; b) formng a first dielectric |ayer
over said sem conductor structure; 17 <c¢) form ng a capacitor bottom plate
opening and a first metal line opening in said first dielectric |ayer; d)
formng a capacitor bottomplate, and a first nmetal |ine over said

sem conductor structure; said capgcitor bottomplate fills said capacitor
bottom pl ate opening; said first tal line fills said first netal |ine
opening; (1) said capacitor bottomplate, and said first netal |ine fornmed
by: form ng a netal Iayer over said first dielectric layer and said

r

senm conduct orlhegnathed efrcdaignbiwhertein thg planadzationdi saist fitsb metahlayeneamprisghi ng
and said fj 1 . ne. WyleF | cal |y nechanically polishing
said met a|Ch§@%gfﬁ%@apbéﬁwfgg?ﬁ%@g%@gﬁﬁg}a?Elg/?%-Om plate, and said first netal
| ine; e)o0f or Mhegneahdd 6f5dlaipab sherin siid saayed passdiatiah [dyepidtcofprided efsidl dror
bottom pl at e; formng a second dielectri c*éq%é/gr over said capacitor

f
bott om pl ﬁ@,mégﬁ%la thickaessafibgtweenjahaut J0Qand dielectric layer; @)
form | ST : . : ;
ormng ;3 topy n"f‘étﬁ?cg@f:l{fé@'g%g@et%ﬂ{ Ie%ﬁﬁ%lﬂﬁ(}{éa‘?&ﬁﬁ@% shAVRE ogér}ﬁ%%ﬁtgta

passi vation Tayer par y expose sal d-capacit m

pl ate; h) standingaldaypapamptises :di el ectric | ayer over said capacitor bottom
plate, and said secgnd.,dielectric layer; i) formng a barrier |ayer over
sai d capacitor diel orming 4 Wepﬁl}g Wﬂ?rolamrnaldasarc{ yespndreyl laygy eyer 54idy

capaci tor (dihel8ahdtbCsth@UEl A8 HIBR il FaopEink AU
) chemical-mechanical polishing said second metal layer to a level about even

with the top of said second passivation layer;
said second metal layer is comprised of copper.

12.  The method of claim 1 wherein said third dielectric layer is comprised of oxide and has
a thickness of between about 1000 and 10,000 A.

13.  The method of claim 1 wherein said third passivation layer is comprised of SiN or SiC
and has a thickness of between about 100 and 1000 A.

14.  The method of claim 1 wherein said second metal layer is comprised of copper.

15. The method of claim 1 wherein said third passivation layer is comprised of SiN or SiC
and has a thickness of between about 100 and 1000 A;
whereby said via plug and said second trench plug form an interconnect;
whereby said capacitor top plate, said capacitor dielectric and said bottom plate form a
capacitor; said capacitor is part of a RF device.

16.  The method of claim 1 wherein said capacitor bottom plate, said capacitor top plate,

via plug; said first trench plug and said second trench plug include barrier layers.

17. A method of fabrication of a capacitor; compfising the steps of :
a)  providing a semiconductor. structure;

b) forming a first dielectric layer over said semiconductor structure;



"7 k) planarizing said netal layer to forma capacitor top plate in said top
pl at e opening; and to renove said barrier |ayer fromover said second
di-el ectric layer; (1) the planarization of said netal |ayer conprises
chem cal -mechanical polishing said netal |ayer; 1) formng a second
passivation | ayer over said capacitor top plate and said second dielectric
| ayer; m formng a via opening through at | east said second dielectric
| ayer, said capacitor dielectric |layer, said second passivation |ayer and

said first passivation layer over said first nmetal line to expose a
portion of sahd frhmsihg A&hFAcitol Bétorblatd dicnity dlakinét Re@PRA Hbnihd i sgigsecond
netal layer to forma via plug; 18 (1) the step of filling sard filling

sai d vi a openi ndirtidi¢lectrisdayerid netal |ayer conprises : formng a via plug
barrier |ayer, and. said second al er ,over, said. sem conducto

tructure and)1 1 IPTHGESSRORPE DOlsEn PIAGE. S e Rt i B MU PUSEOBBIIE i ng
sai d second net atrybtane kaill QapacktBl Bdttohl plate filBV RN YiphitdrRttbaplak opahifgSRePnd
dielectric layer; portions of said second passivation |ayer are renoved by

t he chemi cal - nedhstrinetal ligeofills kaid dirstanetaldingiopgniags hi r d passi vati on | ayer

over said via plu nd i d ca i.Lor l,at. nd Ld seco dielectric
| ayer; p) form ngq}jlt .hisglgl C&P%‘flg)?t% P}tt%m!pi@gra?lg\;é@ fggtlraetﬁﬂiu}ed%oﬁgaseggvat I on
layer; q) forming a fioifingtaneaiaiapievenGidiisst diehRaddydlBachidepmidonductor
through said third dielectric_ layer and said third passivation |layer; said

first trench openi ng séupyEeanddfilhng said waprcitonbeitana platd ensningrndspigfist metal
- line opening;
and chemically mechanically polishing said metal layer to form said
capacitor bottom plate, and said first metal line;
e) forming a first passivation layer over at least said capacitor bottom plate;
f)  forming a second dielectric layer over said capacitor bottom plate, said first metal
line, and a first dielectric layer;
g) forming a top plate opening in said second dielectric layer and first passivation
layer to at least partially expose said capacitor bottom plate;
h) forming a capacitor dielectric layer over said capacitor bottom plate, and said
second dielectric layer;
i)  forming a barrier layer over said capacitor dielectric layer;
j)  forming a first metal layer over capacitor dielectric layer and said barrier layer;
k)  planarizing said metal layer to form a capacitor top plate in said top plate opening;
and to remove said barrier layer from over said second dielectric layer;
¢)) the planarization of said metal layer comprises chemical-mechanical
polishing said metal layer;
1)  forming a second passivation layer over said capacitor top plate and said second
dielectric layer;
m) forming a via opening through at least said second dielectric layer, said capacitor
dielectric layer, said second passivation layer and said first passivation layer over
said first metal line to expose a portion of said first metal line;

n) filling said via opening with a second metal layer to form a via plug;



Sai'd second trench opening exposes a portion of said via plug; r) formng a
third-nmetal layer at least filling said first trench opening and a second
trench opening; s) planarizing said third nmetal layer to forma first
trench plug in first trench opening and a second trench plug is said
second trench opening; (1) whereby said via plug and said second trench
plug forma interconnect; whereby sagad top plate, said capacitor
dielectric and said bottomplate form a capacitor; said capacitor is part
of a RF device. 18. The nethod of claim 17 wherein said capacitor bottom

plate, said capacidpr tRPstep of Blling sHidFiIRhShid Sd eﬁinrfabitﬁa@&@hd Rlewd 1874
said second trench plug include barrier |layers. 19 9. A nethod of
fabrication of a cap&®mpsises .conprising the steps of : a) providing a

sem conduct or structtf'e' b) f.orlrri I’]})%a ﬁi st (gi eéectr(’;c quer Qver said

sem conduct or struct P‘é?m{%f)“%%i“é TS AYGT AP T PEOP Wﬁa RS VR Kk ness
ket ween 1000 and 10, GERiddndudr dtAickir® Gind fIRMAEH Ofa dpehingmadd at e openi ng and
a first netal line opening in said first dielectric layer; d) formng a

capacitor bottom pl atchemigattmechanienl ppishing spidecenndrmetal layerderpderieliakausr
structure; said capaclt gvlitlﬂ%é AR ’H%e&lldéll ‘??@%tig rlét%g;fp%}rtﬁcﬂ{s RULHIR At €

opening; said first me I'The fI'ITs "sa ne opening; (1)

sai d capacitor bott orpapdiedtion layed asadetholved By tieathemidal-neechaioal polistiing;or m ng a
netal |ayer over said first dielectric |ayer, and said_ sem conductor
structure andfi ITPrigeadhiad passhaion tayshees sigd via Rlug gad s3ig caprsitenton riate st

metal line openjAQaid second dielectric layer;
p) forming a third dielectric layer over said third passivation layer;
q) forming a first trench opening and a second trench opening through said third
dielectric layer and said third passivation layer;
said first trench opening exposes a portion of said capacitor top plate;
said second trench opening exposes a portion of said via plug;
r)  forming a third metal layer at least filling said first trench opening and a second
trench opening;
s)  planarizing said third metal layer to form a first trench plug in first trench
opening and a second trench plug is said second trench opening;
(1)  whereby said via plug and said second trench plug form a interconnect;
whereby said top plate, said capacitor dielectric and said bottom plate form
a capacitor; said capacitor is part of a RF device.
18.  The method of claim 17 wherein said capacitor bottom plate, said capacitor top plate ,

via plug; said first trench plug and said second trench plug include barrier layers.



and chem cally nechanically polishing said netal |ayer to formsaid
capacitor bottomplate, and said first netal line; e) formng a first
passivation | ayer over at |east said capacitor bottomplate; (1) said
first passivation layer is conprised of SiNor SiC and has a thickness of
bet ween about 100 and 1000 A, f) f @ping a second dielectric |ayer over
sai d capacitor bottomplate, said first nmetal line, and a first dielectric
| ayer; (1) said second dielectric layer is conprised of oxide and has a

t hi ckne be : )| ' | ate opening in

sai d se??hd d%gﬁgg?%?gﬁPgegF%aggquéngﬁgégﬁgg@?gﬁﬂg éygr to at | east
partially expdse mavidingap@aiitandubtot startywkat e; h) form ng a capacitor
dielectric | gyer gver sai.d capacitor botto | ate, , and said second

di ol octric | Ber: Qringafigst diaisiq Gyercver 4 Frecpaperor sEUSHfor | sed of Si N
i) formng a barrigy |augf fiky&klceRicdafahash iatkmbebacbad odoamaro,lpb)A;sai d
barrier layer is conprised of of a material' selected fromthe group

consi sting ofc) TifrmingN capacitba botom plate ppemmgandan first metaling bpérinein saider
capaci tor dielecgré%ﬁfa%ﬁr and said barrier layer; (1) said first netal

| ayer conprised JFtGHEHEINN alloy; k) planarizing said netal |ayer to
forma capacid)or foRRingl#Adaaditdr bdtt6miphite,RindaSirdRREh ke ovefS84d kénicBABMMEorsai d
barrier layer fromover said second dielectric layer; (1) the planarization
of said netal | amctueespidicapaciionbaiteralplaieHs paid atpaciten Yostormplatsaipgnimer said

| ayer;

first metal line fills said first metal line opening;
q)) said capacitor bottom plate, and said first metal line formed by:
forming a metal layer over said first dielectric layer and said semiconductor
structure and filling said capacitor bottom plate opening and said first metal
line opening;
and chemically mechanically polishing said metal layer to form said
capacitor bottom plate, and said first metal line;
e) forming a first passivation layer over at least said capacitor bottom plate;
(1) said first passivation layer is comprised of SiN or SiC and has a
thickness of between about 100 and 1000 A;
f)  forming a second dielectric layer over said capacitor bottom plate, said first metal
line, and a first dielectric layer;
(1)  said second dielectric layer is comprised of oxide and has a thickness
between 1000 and 10,000 A;
g) forming a top plate opening in said second dielectric layer and first passivation
layer to at least partially expose said capacitor bottom plate;
h)  forming a capacitor dielectric layer over said capacitor bottom plate, and said
second dielectric layer;
¢)) said capacitor dielectric layer is comprised of SiN;
i)  forming a barrier layer over said capacitor dielectric layer;
(1) said barrier layer is comprised of of a material selected from the group
consisting of: TiN, TaN and Ta;



1) formng a second passivation layer over said capacitor top plate and
said second dielectric layer; (1) said second passivation |layer is
conprised of SiN or SiC and has a thickness of between about 100 and 1000
A, m formng a via opening through at | east said second dielectric |ayer,
said capacitor dielectric |ayer, said second passivation | ayer and said
first passivation |layer over said fi20st netal line to expose a portion of
said first metal line; n) filling said via opening with a second net al

| ayer to forma via plug; (1) said second netal |ayer is conprised of
copper; (2) tpe sfoeminya fitst nietad) layat dvefrich;bacitgr dialedtrici layev pedsaid batrieh layesecond
netal |ayer conpr : rm Vi a barrier | and said second
metal |ayer over éﬁ L H'l’fg"é?%YFrg? %?eéﬁ’zcréh&/f’f%?{%@”sald vi a

openi ng; and yrhepigals; ﬁ%ﬁb@ﬂk&ﬂa B8Pl 8fh A%a gé"dit%r &'trd;ﬁéﬁ%r Eﬁ’mg of

| evel about even wth e top of sal d second di e r| c aye por |on
sai d second passidtatremnve m;@bamcelayarﬁma@vbysaummcohédlelmtrwﬂeydran| cal

pol i shing; o) for ng a.third .passivati over . sai I and said
ophci tor top piat B aniledldrEaEtnR HOMetT 1er rarmise chyvica fectinia

passi vation layer is ﬁgggg[dgssggi@gtaﬁa%pr Si C and has a thickness of

bet ween about 100 and 1000 A, p) foriing a third dielectric layer over said
third passi vabi onfqrmy@a segpnd passivatomlayer exer said sepacitpeiopmiataand said sevond

trench opening t ffu % lsald third dielectric layer and said third
passi vation | aye eeﬁ 1¢ layer

(1)  said second passivation layer is comprised of SiN or SiC and has a
thickness of between about 100 and 1000 A;

m) forming a via opening through at least said second dielectric layer, said capacitor
dielectric layer, said second passivation layer and said first passivation layer over
said first metal line to expose a portion of said first metal line;

n) filling said via opening with a second metal layer to form a via plug;

¢y said second metal layer is comprised of copper;

2 the step of filling said filling said via opening with a second metal layer
comprises :
forming a via plug barrier layer and said second metal layer over said
semiconductor structure and filling said via opening; and
chemical-mechanical polishing said second metal layer to a level about
even with the top of said second dielectric layer; portions of said second

passivation layer are removed by the chemical-mechanical polishing;

o) forming a third passivation layer over said via plug and said capacitor top plate
and said second dielectric layer;
) said third passivation layer is comprised of SiN or SiC and has a
thickness of between about 100 and 1000 A;
p) forming a third dielectric layer over said third passivation layer;
q) forming a first trench opening and a second trench opening through said third

dielectric layer and said third passivation layer;



said first trench openi ng exposes a portion of said capacitor top plate;
sai d second trench openi ng exposes a portion of said via plug; r) formng a
third netal layer at least filling said first trench opening and a second
trench opening; (1) said third netal |ayer is conprised of copper; s)
planarizing said third netal layer to forma first trench plug in first
trench opening and a second trench @lug is said second trench opening; (1)
whereby said via plug and said second trench plug forman interconnect;
wher eby said top ,alfat e, s}gi d cagaci tor diel ecgraié\‘% and, sai d 8aot_t om pl ate
form a capacit G119 IESfiEPIER SRR PXROSCILPTUGR OL S CRRAGHALIOP PRI The et hod of
claim 19 wherei R,i3akhrAARAEH bPéni E)Ef%&dﬂi rfion 88 ¢RARAGL L or top plate ,
via plug; said first trench p?ugﬁ)%n sai dﬁ(gsecond tre%@% %I ug i nclude
barrier |ayers. forming athird metal layer at least filling said first trench opening and a second
trench opening;
(1)  said third metal layer is comprised of copper;
s)  planarizing said third metal layer to form a first trench plug in first trench
opening and a second trench plug is said second trench opening;
(1)  whereby said via plug and said second trench plug form an

interconnect;

whereby said top plate, said capacitor dielectric and said bottom plate form

a capacitor; said capacitor is part of a RF device.

20.  The method of claim 19 wherein said capacitor bottom plate, said capacitor top plate ,

via plug; said first trench plug and said second trench plug include barrier layers.



