. e3el T| hz6T! ui 08 DEC 2004. METAL SANDW CH STRUCTURE FOR M M capab sr&ECoiil.
DUAL - DAMASCENE ‘BACKGROUND OF THE | NVENTI ON (1) Field of the Invention The
invention relates to the fabrication of integrated circuit devices, and
“nore particularly, to a nmethod of applying the damascene process as part of
the creation of a MM capacitor. (2) Description of the Prior Art The
manuf acturing of sem conductor devices frequently requires the creation of
el ectrical conponents that collectively performfunctions of data
mani pul ati on (logic functions) or functions of data retention (storage
functions). Mst sem conductor devices are devices that performbinary

| ogi ¢ f wmEIosRNCWatHaserRveTUREt BOR hy1ro rearaoffernoder oc ondint bamasofNbi nary
circuits. In addition, a nunber of applications use analog |evels of
vol t ages, the voltages having a range of values between a high limt and a
dlowlimt. Digital and anal og nmethods of signal processing nmay reside side
by side in the sanme sesre@ifduglhigrodevie e @fepP@cikage. 1 0 a~c 200. It is
t herefore not uncommon to see a m xture of electrical components and
functions, conprising sem conductor devices, resistors and capacitors. The
maj ority of semiconductor conponents consists of transistors, gate

_electrodﬁﬁ aqgigly%&l%kg kagﬁkggglng conponents for the perfornance of

| ogi c proceSS|ng unctions pacitors nay forma basic conponent of anal og
circuits in f lnst @g% smn QSQ EapéﬁétPVbE{CtQL§1 é(ﬂ re further
widely appliedin digital app éat rons such stor ﬁ68e Dynanlc

Rand Al t t d t '
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to
the damascene process as part of the creation of a MIM capacitor.

{2) Description of the Prior Art
The manufacturing of semiconductor devices frequently
reguires -the creation of electrical components that collectively

- perfiorm sfwmctions of data manipulation (logic functions) or

functiond of data retention (storage functions). Most
semiconductor devices are devices that perform binary logic
functions that are reflected by on or off-mode conditions of
binary circuits. In addition, a number of applications use analog
levels of voltages, the voltages having a range of values between
2 high limit and a low limif. Digital and analog methods of

signal processing may reside side by side in the same

semiconductor device or package.




provi de charge storage |ocations for individual bits of digital '@aﬁaﬂﬁ%a&ﬂﬂ‘t
are stored in the digital Integrated Grcuit (1C. The conventional process
of creating a capacitor in conbination with the creation of a CMOS device
is arelatively conplex and therefore expensive process. This will further
enphasi ze that the process of the invention, whereby a Metallnsul ator- Mt al
(MM capacitor is created that can be applied for nixed-node applications,
is arelatively sinple and therefore cost effective method of creating a
capacitor. The invention uses nethods that are conventionally used to
Create damascene 2 0 a 0~C zoos. structures. The invention therefore

I ncor por at es 1¢anRs¢ene-FEeoNQL PN MLt NG, QLS $,10f (GLedl Rg.arM My
capacitor. US 6,143,601 (Sun) shows a M M and dual damascene process US

6,184,5 o Lk - h Jdery ] r 4ot .a.MM
capaci t%%H(p}%%,%:égg?ng?gg%ﬁg%@%?\o(\%\ﬁ%%%%a%rdﬁég C%t%%nge%l&ﬁgséal | ayer.

uUsS 6, 13 i ), 124,199 (Gnhino et al.), US

6, 11 7, 7%%%%?113%)\0%&%%31%@3%?%&63 %%J%[%%O’iﬁ% ® Saqmﬁcoélfjchgfat ed patents.
or ovi do SRIGTCT GPABIE Aebhod 8h° 6 BAKT neb Wt A1 IG AR oPE ik Pa T+ Cy
‘capacitors. Another objective of the invention is to apply damascene

processed ¥ GEHE FRERPIFRSEI AP br PRt RE T LA t%r, 199ic processing

~functions. Capacitors may form a basic component of analog
circuits in for instance switched capacitor filters. Capacitors
are further widely applied in digital applications such as the

storage node for Dynamic Random Access Memory (DRAM) circuits.

A capacitor_may be used as part of analog processing
capabilities. In digital circuits, the capacitor is used to
provide charge storage locations for individual bits of digital

data that are stored in the digital Integrated Circuit (IC).

The conventional process of creating a capacitor in
combination with the creation of a CMOS device is a relatively
complex and therefore expensive process. This will further
emphasize that the process of the invention, whereby a Metal-
Insulator-Metal (MIM) Capacitor-is created that can be applied
for mixed-mode applications, is a relatively simple and therefore
cost effective method of creating a capacitor. The invention uses

methods that are conventionally used to create damascene




- 0 a 0~c 200a In accordance with the objectives of the inventioff & Biglv2004.
nmethod is provided for the creation of a MM capacitor. The invention
starts with a sem conductor surface that is provided with sem conductor

devi ces over the surface thereof. A first copper damascene process is
applied for the creation of a first and a second damascene copper

i nterconnect plug through a first |layer of dielectric deposited over the
surface of the substrate, the upper or trench portion of the dual damascene

| Nt er CONNRaaic e .CaPRER nWeheSohNehBBe BYUFE aCecOfpd Ne dd rfindR¥el. of
dielectric. Deposited over the surface of the first layer of dielectric are

a f1rst dauelo 0yt ankal uRL(bObcLOE Lot pBllemols dptdpmdalaLe of a
capacitor) over Wwhich is deposited a first layer of silicon nitride (for
the formation of a capacitor dielectric) over which is deposited a second
| ayer of tantalum (for the formation of a top plate of a capacitor). A one

time etch of t.hre epasi ted, | ayers rnms . a.sandwi ch of three | ayers
over | yi ng thék?ﬁ%QEBpﬁgg,Qgﬁgsng?g n%dMgﬁda%?éﬁﬁ%Pt e T e 6 Ma MM
capacitor. The etch stops at the surface of the first layer of dielectric
and on the surface of the second dual damascene copper plug. A second |ayer
of silicon nitr%?e i s deposited foll owed b{ t he deposition of a second

| ayer of diel'®Btt%ilé Pl dVARIPREBLER Bhatl dhndReEned b Ay e deested

t hrough the second |ayer of dielectric and the second |ayer of silicon
nitride, fFhe® it FaFEIL t@Emascene opening aligns with M M capacitor. The
fourth dual danmascene 4 "0 8 DEC 20Q4: opening aligns with the second
dual damascene plug. The dual danmascene openings created through the second
| ayer of dielectric are filled with copper, creating an access plug

cont acti ng t H&S tep gl ,&7¢ dRotyhe sbapaciht BiMapdt aaraed esst plagsicontezdt i ng t he
second dual damascene access plug. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1
shows a tzpss. section of the surface of a substrate, a first |ayer of

di el ectric has been deposited over the surface of the substrate, a first
and second copper dual damascene plug have been created through the first
| ayer of dielectric. Fig. 2 shows a cross section after successive

deposi tion ofua 4,151, laayemmafe, ant-al wm (Ta) , oversWipghios depasided@
first layer of silicon nitride over which is deposited a second |ayer of

tantal um(Tp) .us 6,117,747 (Shao et al.) and US 6,037,216 (Liu et al.)

are related patents.
SUMMARY OF THE INVENTION.
A principle objective of the invention is to provide a
manufacturable method of creating Metal-Insulator-Metal

capacitors,

Another cbjective of the invention is to apply damascene

processas Lo create Metal-Insulator-Metal capacitors.




Fig. 3 shows a cross section after the three deposited | ayers haﬂeﬁdygkzmmx
etched, creating a capacitor aligned with the first dual damascene pl ug
Fig. 4 shows a cross section after the deposition of a second |ayer of
silicon nitride. 5 ~o0 a EC ~o~~. Fig. 5 shows a cross section after dual
damascene pl ugs have been created aligned with the second dual damascene
pl ug and the created capacitor. DESCRI PTI ON OF THE PREFERRED .EMBODI MENTS
Referring now specifically to the cross section that is showmn in Fig. |,
there are shown &heofddhow wigttel@nentisiectil@s blietrar facenovfom 4 ayes of

sem conductor material, preferably the surface of a silicon substrate,

sem CondInétﬁbddes{lpﬁ@vidil@:ﬁ showhe have dieen oar aatiest e¥gicliher surface of
substrate 10 - 12, a first layer of dielectric deposited over the surface

of substravent@on ddaresfifed dualnidammecens nga@éeahgé tBrough; she first
llayer. 12 of dielectric, this first dual damascene plug is pre erably filled

W th copRetn- sifiican8econd qual sanmssens, Plug roreat ad LhEoughc f' rst
| ayer 12 of dielectric, this second dual damascene plug Is pre era |y

filled %E%Esgpegﬁasé:@néagféﬁé’g%e duagpfmdlam Al Rl ALag $6A! Sf'gtfg{gé' on

(VLSI and ') circuits Scéne process, an 1nsu ihg 6

and a second damascene copper interconnect plug through a first
layer of dielectric deposited over the surface of the substrate,
the upper dr trench portion of the dual damascene interconnects
are copper wires in the surface of the first layer of dielectric.
Deposited over the surface of the first layer of dielectric are a

- first layer of tantalum (for the formation of a bottom plate of a
capacitor) over which is deposited a first layer of silicon
nitride (for the formation of a capacitor dielectric) over which
is depositéd a second iayer of tantalum {for the formation of a
top plate of a capacitor). A one time etch of the three deposited
layers forms a sandwich of three lavyers ove;lying the first plug,
the patterned and etched three layers form a MIM capacitor. The
etch stops at the surface of the first layer of dielectric and on
the surface of the second dual damascene copper plug. A second
layer of silicon nitride is deposited follewed by the deposition

~of a second layer of dielectric. Third and fourth dual damascene
openings are created through the second layer of diélectric and
the second layer of silicon nitride. The fhird dual damascene

opening aligns with MIM capacitor. The fourth dual damascene




"0 g DEC 2004. or dielectric material, such as silicon oxide, of Ua8 DEC 200%;
sem conduct or device is patterned with several thousand openings for the
conductive lines and vias which are filled at the same tine with metal and
serve to interconnect the active and/or passive elenments of the integrated
circuit. The dual damascene process also is used for formng the nultileve
conductive lines of nmetal, such as copper, in the insulating |ayers, such -
as polyimde, of multi-layer substrates on which sem conductor devices are
mount ed.of2anagcend gns anthnteeconnenti Ofal abdmLadd N Praceshd Riuwhi ch
~grooves are forned in an insulating layer and filled with nmetal to formthe
conduct i ggndd s JPuali ndgamaseaned shaoiyht thé eyeloddt 8 FONNECHiQN PH-QGESS
in which, in-addition to form ng the grooves of single damascene,

conduct i yee Vi @ RRENIINGS Abperar erEatiRY. ok Nathes standard, dual, damseene
process, the insulating layer is coated with a photoresist which i s exposed

through gofigstcdRak (i R ARge RALELA Qﬁg%?&ggs Y%gufgg%}}{g@t&i dfie pattern

is anisotropically etched in the upper ating 1ayer. The
photores'géoﬁgw§d51eag%gg%%n%hgg#ggsa sggond mask with ari inmage pattern of
t he conductive line openings, after beirng aligned with the first mask
~pattern to enconpass the via openings. In anisotropically etching the
openings for the conductive lines in the upper half of the insulating
_material, 7 p $ oEC 2pp4._the vi eni ngs_al read resent in the upper
hal f are sinUItaneouslygﬁygﬂ%dﬁﬁﬁaﬁFﬁﬁFWb %éEHFnDBﬁéIﬁﬁﬁer hal f of the
insulating material. After the etching is conplete, both the vias and |ine
openings are filled with netal. Dual damascene is an inprovenent over
singl e damascene because it permts the filling of both the conductive
grooves and ViES wi tHE @ AOSEhécsadent Phethehavebycel ¢ i matif pricoess
steps. The layer 12 of dielectric is typically formed using silicon dioxide
but is ndt fiTefteaven athidiakecdriisl hagdbean dbpostbapriver ottersuypicsal |y
applied dielectrics such as silicon nitride ("nitride"),

tetra-ethyl thethorsitdteat @ (IMECS) dndsegcorbddespprer dual damascene plug

bor o- phosphat e-si |l i cat e-gl ass (BPSG, phospho-silicate-glass (PSG,

bor n- si | heat ebgéassrB3(§ , thoduwder nibker ifdesaxildes £ ONO) di & aatalm pent oxi de
(Ta205), plasma enhanced silicon nitride (PSiNx), titanium oxide,
oxynitride, a low dielectric constant material, such as hydrogen

si | sesqui oxane, and HDP- FSG ( hi ghdensity-plasma fl uorine-doped silicide

gl ass), whichrig. @ dileheetd icrddatsRasca hower diebestive 8PSt antod han
regul ar oxide. Sonme of the dielectrics can be grown on the surface of the

substratg errsan bgephysicaldn Sepesit edby HQEni NSt 886652 SRUL tLfiNg
process or by other chem cal nethods of dielectric deposition. 8 a a oEC

200. ThelH?éE sempn| youised: and. thernefgret he BEEBSEEQQ a second layer

of tantalum (Ta).

Fig. 3 shows a cross section after the three deposited
layers have been etched, creating a capacitor aligned with the

first dual damascene plug.

Fig. 4 shows a cross section after the deposition of a

second layer of silicon nitride.




dielectrics of the invention for the deposition of layer 12 are 'ﬂiﬁiﬂﬁfnmu‘t
di oxi de (doped or undoped), silicon oxynitride, parylene or polyimnde,

spi n-on-glass, plasm oxide or LPCVD oxide. For the creation of dual
damascene plugs 14 and |6 the invention preferably uses copper'for the

filling of the plugs. It is preferred that the surface of layer 12 of
dielectric is.polished, preferably using nethods of CWP, after the netal
fill for the creation of dual danmascene plugs 14 and 16 has been deposited

over the surface of layer 12. This to assure good planarity for subsequent
deposition processes. The invention proceeds with the cross section that is

shown in Fig.Fi%. isn shiwehaaddbbsobattyoar r bé ghhightethddiedold1ouisngave
- elenents: - 18, a first layer of MMelectrode material, preferably

conpri simgert atcaltidn GlaknedeResht ede O¥EE L AEI SHT f@é%l%soieﬁémpﬂdgf $ihd @ygr 12
of dielectric - 20, a layer of capacitor dielectric, preferably conprising

a first dayerepfcayiddiger nitride, deposited over the surface of the first

| ayer 18 of tantalum 9 0 a oEC 20Q4. - 22, a second layer of MM

el ectrode material, preferably conprising tantalum (Ta), deposited over the
surface of layer 20 of capacitor dielectric. Layers 18, 20 and 22 forma

stack of three |ayer %E‘é’@ﬁ&? ¥8%25%?%H}9§ﬁ%ﬁﬂ% % ﬁ%@&%,zol ayer 18 will

forma bottomplate or capaci tor, will forma
capacitor dielectric and layer 22 will forma top plate of a MM capacitor.
For layers 18 and 22 may therefore be used any suitable material that can
be applied fo he creation of top and bottom plates of a

Met al - | nsul at T orE Ve 48§b5€eF6FlCF&ﬁ¥aFBn???a?r%%% FReh @ttt tabsve as one

exanpl e of such a material. Materials that may_ be considered for the
Creatlons%?w%.ln Fig. 1, there are shown the follewing elements:

— 10, the surface of a layer of semiconductor material,
- preferably the surface of a silicon subsltrate, semiconductor
devices (not shown) have been created over the surface of

substrate 10

- 12, a first layer of dielectric deposited over the surface of

substrate 10

- 14, a first dual damascene plug created through the first layer
12 of dielectrie¢, this first dual damascene plug is preferably

filled with copper

- le, a second dual damascene plug created through the first

layer 12 of dielectric, this second dval damascene plug is

preferably filled with copper.

In fabricating very and ultra large scale integration {(VLSI

and ULSI) circuits with the dual damascene process, an insulating




bottomand a top plate of a MM capacitor are aluninum (Al), tit8r LD%C('EDBII
titaniumnitride (TiN), tantalum (Ta), tantalumnitride (TaN), tungsten
(W, tungsten nitride (WN), nolybdenumnnitride (MoN), copper- (Cu) and the

- like. Oher materials that can be used as a capacitor electrode nmateri al

i nclude platinum (Pt), palladium (Pd), osmum (Gs), ruthenium (Ru), iridium
~oxide (1r02), rutheniumoxide (Re02), Re03) and the like. In addition,
conbi nati ons of the foregoing materials can be used as M M capaci tor

el ectrodg matkgkicehi clRatc0iBl PARLcROY. s Layeim 20k i0k,capaai tenidbghgstsic
preferably conprises silicon nitride but can be selected froma group of

capaci t ofewdice! a6t HhescsHER A$-AXEMs LT rifar A ONDys $620:nSi 3N9_and
ot her high dielectric constant material such as tantal um pentoxi de (Ta05).

Fi g 3 shouenRtghess ipeet LAn 0f 5L hgn pUbsifate afder,dt he t l@%ﬁ% kgégrg%%@ 20

and 22 have been patterned and etched, using conventional net

phot ol i thagnaphic s%ms‘egeiﬁ@grggﬁﬁgépi% N85 RYELS 018,520,900 22 have

SSLVe . .
been renove rom above the surface o o |rstp8|eﬁectr|c W th

t he except.l f t tack of layer.18,.20 and 22 overlying the first
copper é%ﬁ%gggﬁhéggﬁg%c5%%83?3%?ugciﬁ?uﬁ%etﬁgﬁalﬁﬂngagﬁggﬁ%SfPF8§8FSIayers
18, 20 aqq 22, aS‘sh%mn i.n the cross Sﬁclion of Fig. 3, forma MM
capaci t 6L TFPSEY A€ Tc FEETBEC BNt hiat ?%e%kﬁﬂﬂéh9FlﬁFg}l§e?tOﬁust be
noted that: = The |l ayers 18, 20 and 22 have been etched by applying a
one-t i Mt FPHhéESe SPRYEFs 1FnENet MRRUBI LM tIerifed afdcdt éBed | ayer 18,
20 and 22 is aligned with the first dual damascene copper plug 14 Layers
18, 20 &RLVigle cEmBvadifAacabsvesthetercondivdl staiwssshetespper pl ug
16, exposing the surface thereof, and 11 o a oEC 200. The one-tinme etch
of | ayer@eVEgeR@TEn@oRALedops on the surface of the first layer 12 of
dielectric. The inventions proceeds, Fig. 4, with the deposition of a
second :

Damascene is an interconnection fabrication process in which
grooves are formed in an insulating layer and filled with metal
to form the conductive lines. Dual damascene is a multi-level
interconnection process in which, in-addition to forming the
grooves of single damascene, conductive via openings also are
formed. Tn the standard dual damascene process, the insulating
layer is coated with a photoresist which ié exposed through a
first mask with image pattern of the via openings and the pattern
is anisotropically etched in the upper half of the insulating
layer. The photoresist now is exposed through a second mask with
an image pattern of the conductive line openings, after being
aligned with the first mask pattern to encompass the via
openings. In anisotropically etching the openings for the

conductive lines in the upper half of the insulating material,




~ layer 24 of silicon nitride over the exposed surface of first |afled EC 2004,
~dielectric and the exposed surfaces of the MM capacitor 21. This |ayer 24

essentially serves as an etch stop layer and, although silicon nitride has

been cited as the preferred material to be used for this layer, the |ayer

may be deposited using a material that conprises a silicon conponent, for

- instance dielectrics such as silicon dioxide ("oxide", doped or undoped) or

.silicon nitride ("nitride"), silicon oxynitride, silicon carbide (SiC

si | i con 1wy cardbigeniSig@Cr1anddgi bireesnl 1§ oricarbise 1SiNOard ayer 24,

‘preferably conprising silicon nitride, can be deposited using LPCVD or
PEOVD prouedidLsoddl a drempar ahdr e«pet weedq abouth200,and 1800 dggrees C., to

a ‘thi ckness between about 200 and 5,000 Angstrom The cross section of Fig.

5 shows howide dvend Qni1nowaeerp! ehesehg: $§ 1 UStUSE1 Ml NG ddie (Gyal

r

damascene process and structures, providing access to the created MM

capaci t og; ts 0.0 C p u ce pl ug
16. A sg%g%%E%ggéfn%%%%Fnépgﬁeg?Fig%?géaeﬁggﬁpgﬁa%géﬁﬁfq%q%hr%g%%mbg%the
deposite Sﬁﬁgﬁg{ of_.sihicon nitride, Dual damascene openi ngs are
. created %%ro g %§2§¥- %gfS&?&hgcgﬁpgséﬁﬂeﬁgﬁ%?u 2 of Rt St op materi al
for plugs. 28. and fter which these openings are filled with copper. The
surface § Eﬁﬂgjégggﬁ%‘ %ﬁﬁ' €g8Ft&F8Igg??V%gi%n%dY+%%éﬂ%Uhé?ﬂﬁ“n@@h&@? of
Chem cal _Mechani cal_.Pol i shing, .after the copper filling for plugs 28 and 30
has been®Y&post®ed, THEiR ﬁaq@%8§§§n80858Feggoﬁ??ﬁ%-surface of Tayer 26 and
provi ding good planarity to this surface. As a final step, the layer 32 of
passivation material is deposited over the surface of |ayer 26, thereby
including the polished surface of plugs 28 and 30, for protection of the
creat ed structhf elagi st Pordrtiealtnycdammgyngcel ectermtd fusiters Handin ng
or exposure to noisture, chem cals, netal and the Iike. The invention can
be ‘summafi geddastypliowet. 1Anddiest tat ¢hiis proeitlel, aseéniaondust oromeviisces
have been created in or over the surface of the substrate A first and a
second cohdect tvelpd Uy sare figdheld e tesitmg cdual:cdaanssiehicqn ateduids, t hrough
a first layer of dielectric deposited over the surface of the substrate 13
{(“nitride”), tetra—ethyl—ortho—silicate (TECS) based oxides,

boro-phosphate-silicate-glass (BPSG), phospho-silicate-glass
(PSG) , boro-silicate-glass (BSG), oxide-nitride-oxide {(ONO),
tantalum pentoxide (Tay0s), plasma enhanced silicon nitride
(PSiNx), titanium oxide, oxynitride, a low dielectric constant
material, such as hydrogen silsesquioxane, and HDP-FSG (high-
density-plasma fluorine-doped silicide glass), which is a

- dielectric that has a_lower dielectric constant than regular
oxide. Some of the dielectrics can be grown on the surface of the
substrate or can be physically deposited by for instance a

sputtering process or by other chemical methods of dielectric

deposition.




0 a Q-c 2ao~: A stack of three layers is created over the surfac8 &)fUEmgﬂﬂ‘t
first layer of dielectric, conprising a first layer of MM electrode:

materi al, over which a second |ayer of MMdielectric material over which a
third layer of MMelectrode material The stack of three layers is etched,
applying a one-step etch, leaving these three layers in place in a pattern

overlying the first interconnect plug and formng a M M capacitor thereover
A layer of etch stop nmaterial is deposited A second |layer of dielectric

material is deposidsd cofnbhilhduand anfiountbeeonduptd ue-Pliig-aye forned,
usi ng dual damascene, through the second |ayer of dielectric, the thlrd

conduct i ¥ Rl 44g-1k8) RG al-gnedewrt Bnt @grlvl:%cégﬁ&éi@{@r%t% f%grt R copductive

pl ug being aligned with the second conductive plug e surface of the

second | ayeroaf sglert riboRdl | h«aﬂd?aég'rg et 9 Sl el | o

excess nmetal fromthe surface thereo ayer pas a1 on

over the, ]fsgg(g%fqmocfe t l%e%%ngll ayer Qf Io}(-;: él Cr ]?]:I’]EC{VAPAI | . o.nductl ve
plugs pre y US€ ¢ pper an-t nferconnétt “wedr um o~Cc 2004.
For the creation of dual damascene plugs 14 and 16 the
'_invention preferably uses copper for the filling of the plugs. It
is preferred that the surface of layer 12 of dielectric is
polished, preferably using methods of CMP, after the metal fill
for the creation of dual damascehe plugs 14 and 16 has been
deposited over the surface of layer 12. This to assure good

planarity for subsequent deposition processes.

Thelinvention proceeds with the cross section that is shown
in Fig. 2, in which additionally are highlighted the following
elements:

- 18, a first layer of MIM electrode material, preferably
comprising tantalum {(Ta), deposited over the surface of the first
layer 12 of dielectric

- 20, a layer of capacitor dielectric, preferably comprising a
first layer of silicon nitride, deposited over the surface of the

first laver 18 of tantalum




Al t hough the invention has been described and illustrated with r& &rife 08
specific illustrative enbodinents thereof, it is not intended that the !
invention be Iimted to those i'llustrative enbodi nents. Those skilled in
the art will recognize that variations and nodifications can be nade

wi t hout departing fromthe spirit of the invention. It is therefore
intended to include within the invention all such variations and
nodi-fications which fall within the scope of the appended clains and

equi val ent 821 her eofond Blaydr &DAMIMR04ctWhak hstelkahpdoisStedan¥ met hod of
form ng conductive interconnect plugs and interconnect plugs to a

Met al - | nsghpt 051 et @dnCanaci () byicaRRlitag otbe dHal sdArRsSEene PLACeSS)
conprising the steps of: providing a substrate, said substrate havi ng been

provi ded,wi thsem songuct or:-devi ces in or over the surface thereof;
provi di ng at ?east one first and at |east one second dual damascene pl ug

through a first layer of dielectric deposited over the surface of said
substrate; creating at | east one Metal-Insul ator-Metal capacitor over the

Fivet dual dabalcEnerl i AR Predi fy e dRl Bhe Rt u Tt et
CaPRCH o, cEIPLLBLDg, 2 0N%, SLR Sl o2, Shack 00 LBKSTS BOTBLLLIR2
'lor electrode of a MIM capacitor, layer 20 will form a capacitor
dielectric and layer 22 will form a top plate of a MIM capacitor.
For layers 18 and 22 may therefore be used any suitable material
that can be applied for the creation of top and bottom plates of

a Metal-Insulation-Metal capacitor, tantalum (Ta) has been cited

above as one example cof such a material.

Materials that may be considered for the creation of a
bottom and a top plate of a MIM capacitor are aluminum (Al),
titanium {Ti), titanium nitride {TiN}, tantalum (Ta), tantalum
nitride (TaN), tungsten (W), tungsten nitride (WN), molybdenum
nitride (MoN), copper (Cu) and the like. Other materials that can
be used as a capacitor electrode material include platinum (Pt),
palladium (Pd), osmium {(Os}, ruthenium (Ru), iridium oxide
(Ir0s}, ruthenium oxide (ReO,;), ReO;) and the like. In addition,

combinations of the foregoing materials can be used as MIM

capacitor electrode material.

10




whi ch a | ayer of capacitor dielectric material over which a secdﬂdﬁﬂygéﬂm@k
capacitor electrode material wherein said a first |ayer of capacitor

el ectrode is in contact with said first layer of dielectric; providing at

| east one third and at | east one fourth dual damascene plug through: (i) a
| ayer of etch stop material deposited over the surface of said first |ayer
of dielectric, and 16 0 g DEC 200h. (ii) a second |ayer of di-electric
deposited over the surface of said |layer of etch stop naterial, said at

| east one third dual damascene plug being aligned with said at |east one
Met al -1 nsul ator-Metal capacitor, said at |east one fourth dual danmascene

i nt er conndetysgH v @éiw@papagngddMﬁihcsa;@ rate feeast] ornemgpederd daalicon
damascene plug. 2. The nethod of claim1, additionally depositing a |ayer
of passiniatd dnitovem tiee selieftaed Hfosad dysegontd layerciafrdidgkeettirecs3. The
method of claiml, said at |east one first dual damascene plug conprising
coppesuch. asThe inet-mdd ratlechat del (osa) d ai.d,eastnpneicecord dugh damascene
pl.ug conprising copper. 5. The nethod of claim1l, said at |east one third
dual dleemBseene pdig teeRPkSERFatoPRER . a$. e IR Kt 1k i6leai Fabs) said at

-l east one fourth dual damascene

Fig 3 shows a cross section of the substrate after the three
layers 18, 20 and 22 have been patterned and etched, using
conventional methods of photolithographic exposure and patterning.
The layers 18, 20 and 22 have been removed from above the surface of
layer 12 of first dielectric with the excepticn of the stack of
layer 18, 20 and 22 overlying the first copper dual damascene
contact plug 14. The remaining stack of layer layers 18, 20 and 22,

as shown in the cross section of Fig. 3, form a MIM capacitor 21.

From the cross section that is shown in Fig. 3 it must be noted

that:

¢ The layers 18, 20 and 22 have been etched by applying a one-time

etch of these lavers

* The stack of patterned and etched layer 18, 20 and 22 is aligned

with the first dual damascene copper plug 14
* Layers 18, 20 and 22 are removed from above the second dual

damascene copper plug 16, exposing the surface thereof, and
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pl ug conprising copper. 17 ~0 a oEC 200. 7. The nethod of clai'th &,Dg‘aizﬂ%
creating at | east one Metal Insul ator-Mtal capacitor over the surface of
said first layer of dielectric aligned with said at |east one first dual
damascene plug conprising the steps of: depositing a first |ayer of
capacitor electrode material over the surface of said first |ayer of
dielectric; then depositing a |layer of capacitor dielectric material over
the surface of said first |layer of capacitor electrode material; then
depositing a second | ayer of capacitor electrode material over the surface
of said |layer of capacitor dielectric material; and then patterning and

et chisngThy apptiyimy & dnexfStlepyeetsci8sakld sedohd tayes of WepacitieGree of

el ectrode material, said | ayer of capacitor dielectric material and said
first |ayerfofscapagidt dr? elfectirodetmaterial. 8. The nethod of claim1l, said
| ayer of etch stop material conprising silicon nitride. 9. The nethod of
claim7, said first |layer of capacitor electrode material conprising
tantalum 18 0 a oEC- 200. :

The inventions proceeds, Fig. 4, with the deposition of a second
layer 24 of silicon nitride over the exposed surface of first layer
12 of dielectric and the exposed surfaces of the MIM capacitor 21.
This layer 24 essentially serves as an etch stop layer and, although
silicon nitride has been cited as the preferred material to be used
for this layer, the layer may be deposited using a material that
comprises a silicon component, for instance dielectrics such as
silicon dioxide (Yoxide”, doped or undoped) or silicon nitride
(“nitride”), silicon oxynitride, silicon carbide {(SiC), silicon

oxycarbide (31i0C) and silicen nitro carbide (SiNC).

Layer 24, preferably comprising silicon nitride, can be
depoéited using LPCVD or PECVD procedures, at a temperature between
about 200 and 800 degrees C., tc a thickness between about 200 and

5,000 Angstrom.

The cross section of Fig. 5 shows how the invention how
completes the structure, using the dual damascene process and

structures, providing access to the created MIM capacitor 21 and the
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10. The nethod of claim7, said a |layer of capacitor dielectric ﬂaﬂe%%lmmt
conprising silicon nitride. 11. The nethod of claim7, said second | ayer of
capacitor electrode material conprising tantalum 12. A nethod of form ng
~conductive interconnect plugs and interconnect plugs to a

Met al -1 nsul at or-Metal capacitor by applying the dual damascene process
conprising the steps of: providing a substrate, said substrate having been
provided with sem conductor devices in or over the surface thereof;
providing a first |level of dual damascene interconnect plugs through a
first layer of dielectric deposited over the surface of said substrate,

sai d FEaosd [cepekrofiudlafiamasestenel Yhtld-cédnrectengl ugyecodpr PEi ng at | east
one first and at |east one second dual damascene interconnect plug;

cr eatdisdeat riicasts oapodbtad -dnsul Etorsuvstale cdpadiet depogétetihsesandace of
said first layer of dielectric aligned with said at |east one first dual
danaﬁeeme'Qﬂtefcemmecbnphugrlsajcbuakﬁﬂamuﬁdﬁnd eashinde are created

Met al -1 nsul ator-Metal capacitor conprising a one step etch of a stack of

| ayerth roonpr iiaiyeg acf brstiébyetrod Lapacior 2al ect keds 19cp mt8rPEC 2004:
material over which a |ayer of capacitor dielectric material over which a

seconth @;mrgsofzscaﬁapgopﬁf@éﬁcxxzzspgﬁmés%r!ogﬂen%%rsela@eswddédfm% | ayer of
capacitor electrode is in contact with said first layer of dielectric;

deposiddpag .arhaysfi-eh-gt 68 éﬁ@psé@érﬁfllagyeqc\/%rat*&% &@%@ of said first

| ayer 0O dielectric, t hereby i ncl udi ng exposed sur aces of sald at | east
one Mefaleply suhgaﬂg NetR %dgagﬁ%ﬁé}a & P ggc%ls%%&’ §BYe Pl dudle
damascene i nterconnect plugs f hf ough a secon ayer irePectri deposi ted

over u id.first,la f d| ectric an throu h said | ayer
of ef%ﬂﬁgibpl%% ?9 & Ss%%oﬁ¥ I%@e %gﬁﬁaﬁkggﬁé Sgnerﬁﬂ?g?%%nnect
pl ugs, conpr|5|n a% t one third d at |l east one fourth dual damascene
i nt eréonméct OBP%& §3P %? FehktContt tHYd dfalP Garas¢érdénengereonnect pl ug
beln aligned with said at | east one Metallnsul ator-Mtal capacitor, said
ASOAGREYE §Gr thauarT tars dehe? | B e oiféet theudanerng2aPfgned with
sald at | east one second dual damascene interconnect plug;, and depositing a
| ay eP3STS 1FRSLPRaPRERT it of F aflcRRBrE ahe Ut ftdice Sofr feardofedaner| aGer of
~dielectric. 13. The nmethod of claim 12, said first |evel of dual damascene
inteﬁéﬁﬁﬁ@@tlﬁpég§lé@nﬁh?spﬁbﬁé@ﬁbeﬁqrﬁﬁﬁe dip pdugsc 280@rd 38, The met hod of
claim 12, said second | evel of dual danmascene interconnect plugs conprising
copp@rotestiphe offethodcotatedi pr it dhrientt pyptantlieddy damadkhal
| nsul at or- Metal capacitor over the surface of said first |ayer of
di el edifidct saloifgiedthetrhhsailtding deastponed itsimodyalirdamaserneal Af er connect
pl ug conprising the steps of:
metal and the like.

.The invention can be summarized as follows:
¢ A substrate is provided, semiconductor devices have‘been created
in or over the surface of the substrate
¢ A firgﬁiénd a second conductive plug are formed, using dual
damascene procedures, through a first laver of dielectric

deposited over the surface of the substrate
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depositing a first layer of capacitor electrode material over th@ &LIIIE[:"&C?Q&*J
of said first layer of dielectric; then depositing a | ayer of capacitor
dielectric material over the surface of said first |ayer of capacitor

el ectrode material; then depositing a second | ayer of capacitor ‘el ectrode
material over the surface of said |layer of capacitor dielectric material;
and then patterning and etching by applying a one-step etch said second

| ayer of capacitor electrode material, said | ayer of capacitor dielectric

materiale andssaid birhrdayRivols CAPatdHoelReh ote Fatenkal of2‘é-he 0 g DEC
2004. 16. The nethod of claim 12, said |layer of etch stop material

conpri si ngf&kls,tcwy@ktéfd@leﬂgctﬂ@ edfpd O L laid 12, a%g %fd@ layer of

capacitor electrode material conprising tantal'um 18. T e met claim
12, said agl r i S .
nitride. 191@%E£o§% ﬁ%gég%£%1é?%%%§&{sal é%%%%ila er o? gg%a%#%%#gkrlc

el ectrode m ng_congductive
Nt er conne%?tc%éé SRR WTLOY A R R o et HlePiratiar P ORat
capaci t or

% glying t he dual] damascene process, conpr|S|ng the steps of:
provi di ny a"SuBSEFAt 8F LAFEF sideeFates RRGIRT besP1yPo% de@n@reher etch,

sem conductor devices in or over the surface thereof;
leaving these three layers in place in a pattern overlying the

first interconnect plug and forming a MIM capacitor thereover

* A layer of etch stop material is deposited

* A second layer of dielectric material is deposited

* A third and a fourth conductive plug are formed, using dual
damascene, through the second layer of dielectric, the third
conductive plug being aligned with the MIM capacitor, the
fourth conductive plug being aligned with the second conductive
plug

* The surface of the second layer of dielectric polished, using
methods of CMP, the remove excess metal from the surface

thereof

* A layer of passivation is deposited over the surface of the

second layer of dielectric, and

¢ All conductive plugs preferably use copper as an interconnect

medium.
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depositing a first layer of dielectric over the surface of said ﬁu&sﬂ&ﬁatz&u‘t
patterning and etching said first |layer of dielectric, creating at | east
one first-dual damascene opening and at |east one second dual damascene
opening through said first |ayer of dielectric; 22 0 a E~ 2ao~. filling
said at least one first and said at |east one second dual damascene opening
with a netal, creating at | east one first and at | east one second dual
damascene plug; creating at | east one Metal -1 nsul ator-Mtal capacitor over
the surface oflad ithst ihayacioh Hhel et idesSaikkdAtadeast venreavetal

| nsul at or- Met al capacitor being aligned with said | east one first dual

damasceng Pt Gersd @ ClpatiRgcat 1t 838Ea ©Ne Matigdd st AttieMtral ;¢
capacitor conprising a one step etch of a stack of l|ayers conprising a

first |ayerngf ﬁ?cr@fdetoon;h%lte%reo%vgak%haﬁeoyﬁﬁlt%ﬁOébacﬂoa};éer of capaci tor
dielectric material over which a second | ayer of capacitor el ectrode

mt er! al s pherelaSal dibddifahisayanott sapaeldor, el%}?é:ta{rocd%ulsi RS

W th sald first layer of ectric epositing a ayer of etch st

mat er i al o pyer, J he, SULTAce ofooaird Liish ! axerp oty dielectils. dhers bﬁg

i ncl udi ng” exposed surfaces of Sai one
capacito de 05|t|n a nd .l ayer .of dielectric over the su e of said
| ayer ofE%?Chﬁg% 1ér§g%%e 1nv%ntlon &g is {here ore in end éﬂ%

include within the invention all such variations and

modifications which fall within the scope of the appended claims

and equivalents thereof.
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patterning and etching said second | ayer of dielectric, creatingag D004,
one third dual damascene opening and at |east one fourth dual damascene
openi ng through said second | ayer of 23 0 g DEC 2004. dielectric and said
| ayer of etch stop material, said at |east one third opening being aligned
with said at | east one Metal -1nsul ator Metal capacitor, said at |east one
fourth opening being aligned with said at | east one second opening created
through said first layer of dielectric; and filling said at | east one third
and said at | east one fourth dual danascene opening with a netal, creating
at least one third and at |east one fourth dual damascene plug. 21. The

met hdthagf icl ailmi2ed additionally applying a first step of planarization of
the surface of the deposited first |layer of dielectric, using nmethods of
Chemicala Mechani edl fPohisi agndisat Ord iirsie radtinkicangl ugkepnbei ng appl i ed
after said step of filling said at |least one first and said at |east one
seconh oGRS pe 0§ s0Pe Nk Nge Wh 1 -1 s Rl r-Me2a 1 ThapaeL hed B ghaim
additionally applying a second step of planarization of the surface of the

deposiHedisacendakarat podhes ectdddni Usiaetheds of:Chem cal Mechani cal
Pol i shing, said first addi t i onal step being applied after said steps of

filling s ast d l.e e r dapgscene
openi ng W?F%vghﬁ%% ? SngtEQté §%%ﬂ%%%%ﬂ“%%t T%%%ﬁgghggggfﬁg g?ﬁ%%Z

addi tJ fﬂédﬁ,%%BQSH%bgg giéﬁgg%régsfm€§%_ﬁﬁ;fy}eo%g 5%h% pl anari zed surface

of sai secon ["ayer o met ho cIa|n120 sai d at
| east one flrst dual

viding at %eas eggei £§g€9ﬂﬂf H%a t oggrggkggdcgggfr'

damascene plug through a fifst layer of dielectric deposited over
the surface of said substrate;

creating at least one Metal-Insulator-Metal capacitor over the
surface of said first layer of dielectric aligned with said at least
cne first dual damascene plug, said creating at least one Metal-
Insulator-Metal capacitor comprising a cne step etch of a stack of
layers comprising a first layer of capacitor electrode material over
which a layer of capacitor dielectric material over which a second
layer of capacitor electrode material wherein séid a first layer of
capacitor electrode is in contact with said first laye; of
dielectric;

providing at least one third and at least cne fourth dual
damascene plug through:

{i) a layer qf etch stop material deposited over the surface of

said first layer of dielectric, and
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25. The method of claim20, said at |east one second dual damascgng DEC 2084,
i nterconnect plugs conprising copper. 26. The nethod of claim 20, said at

| east one third dual damascene interconnect plug conprising copper. 27. The
met hod of claim 20, said at |east one fourth dual danmascene interconnect

pl ugs conprising copper. 28. The method of claim20; said creating at |east
one Metal Insul ator-Metal capacitor over the surface of said first |ayer of
dielectric aligned with said at | east one first dual damascene interconnect
pl ug conprising the steps of: 25 0 a o~c 200. depositing a first |ayer of
capacitor electrode material over the surface of said first |ayer of

di el ectri c(iitthen sgeposi Lengr acf ayer l oft capatdnant tdicelowetr tbenatefiad oler
the surface of said first |ayer of capacitor electrode material; then
deposidichg ayesecdndtihyeropf mgapatatlor el ectrode material over the surface
of said |ayer of capacitor dielectric material; and then patterning and

et chi ng bynappbylngaatoneestﬂpretd@asedamaﬂﬂﬁnuiﬁhmgebeahgcamagné@rWlth

el ectrode material, said | ayer of capacitor dielectric material and said
firstsdiayert qfea%a;pa@bt petehechseUeroptiest Al .cadhcithe ,methadaef 1 6hat rd,
said | ayer of etch stop material conprising silicon nitride. 30. The method

of cladupwB.auwsdl dahbkebnbaygtepbotAPacit0ig &Gty @8 gned with said at

least one second duval damascene plug.

2. The method cof claim 1, additionally depositing a layer of

passivation over the surface of said second layer of dielectric.

3. The method of claim 1, said at least cne first dual damascene

plug comprising copper.

4. The method of claim 1, said at least one second dual damascene

plug comprising copper.

5. The method of claim 1, said at least one third dual damascene

plug comprising copper.

6._The method of claim 1, said at least one fourth dual damascene

- plug comprising copper.
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material conprising tantalum 31. The nethod of claim28, said dﬂl&ﬂﬁa:émﬂi
capacitor dielectric material conprising silicon nitride. 26 ~0 a oEC
20~~. 32. The nethod of claim 28, said second | ayer of capacitor el ectrode
material conprising tantalum 33. A nethod of form ng conductive

i nterconnect plugs and interconnect plugs to a Metal-Insul ator - Met al
capacitor by applying the dual damascene process, conprising the steps of:
provi ding a substrate, said substrate having been provided with

sem conductor devices in or over the surface thereof; depositing a first

| ayer_of dielectric over the surface of said substrate; patterning and
et.chi hg B8 dotihost ofagéprinf 1di epbdtereaticreati dgamt lcagstesad—first dual
damascene openi ng and at | east one second dual danascene openi ng through
sai d figstatigydietefl dhphectricover| thagwaiatatofl eadid dnesti isyeandfsai d at
| east one second dual danmascene opening with copper, creating at |east one
firstdanddirieadticone wvétbndatopperleauat ceaneSiosne dqulalgdiazaneathagpatgl east
. one Metal -lInsul ator-Metal capacitor over the surface of said first |ayer of
di el eodurgci,sisay dhat slceast come Met al | nsul at or- Metal capaci tor being aligned
with said | east one first dual danmascene opening, said creating at |east
“one Met al -ddpsgdiationMat @&h reapaeié or o £ 0APEA S g @18 rSlepnakekial avstack of
| ayers 27 0 8 DEC 2004: conprising a first layer of capacitor el ectrode
mat erdd Qvaradehicgh saihayersef 1 eapacht ofi diglectd;i grmterial over which a
second | ayer of capacitor electrode material wherein said a first |ayer of
capaci tor glectrqde lasmg}e-eoatfae;p%i@ofaapeféa%ié %etrer%ldb%%&@ec:
depositing a layer "of etch stop naterial over the surface of said first

| ayer ielectri.c, e Lhcl udj exposed surface f said | east
one N%%%S%%%HQJ 5@5?#6%?§F gé %gi%gr%Q%%g%g?fi%Eféiﬁgﬁéonﬁ%ﬁéﬁgﬁ’o?ﬁen
dielectric,qver..t.he surface of said |layer of etch stop material ; _ patterning
and etchir%f%ﬁﬁﬁf%?gcgnéefgygr5%¥eai%%e ?Q?Q%t?ﬁeé;qqﬁf%%? P84St 8he°T R r d
dual damascene opﬁpin and at |east one fourth dual damascene opening
throu§$e§%1 f%%%é’dSPgﬁe#a5FfdP | €7 F et and i iayemadrrdedn epgpthen
material, said at | east one third opening being aligned wth said at | east
one Metal -Insul atorMetal capacitor, said at |east one fourth opening being
aligned with said at |east one second opening created through said first

| ayer of dEEEEHNE; 2@fd eFENENfgPgafde Ay it @astonames aed edchngaddi deapnfleast
one fourth dual damascene opening with copper, creating at |east one third
and atayeasif oreacsdorhedepperdduabtdnhabeenel pllpye2®f capacitor :

dielectric material and said first layer of capacitor electrode

material.

8. The method of claim 1, said layer of etch stop material

comprising silicon nitride.

9. The method of claim 7, said first layer of capacitor electrode

material comprising tantalum.
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~0 a OEC Zoos, 34. The method of claim 33, additionally applying0ag fikG200%,
step of planarization of the surface of the deposited first |ayer of
-dielectric, using nmethods of Chem cal Mechanical Polishing, said first
addi'tional step being applied after said step of filling said at |east one
first and said at |east one second dual damascene opening with copper. 35.
The nmethod of claim 33, additionally applying a second step of

pl anari zation of the surface of the deposited second | ayer of dielectric,
usi ng net hods of Chenical Mechanical Polishing, said first additional step
being applied after said steps of filling said at | east one third and said
at | edst Brre rfeddrach odugll adands cengd opeha yeyr v cagoppefor 36e21Ehermet hod of
claim 35, additionally depositing a | ayer of passivation over the
pIanavdt&xﬂ&mndqmp;hxﬁngabdlﬁeonnditay@@.of dielectric. 37. The nmethod of
claim 33, said creating at |east one Metal Insulator-Metal capacitor over

. the surface of said first |ayer of 29 0 a OEC Zao~. dielectric aligned
with said at |east one first dual damascene interconnect plug conprising

the stepsriof med@R@sid @Yadnf 7] Skalaysecofa capast tar c%lp%%tlftgéeeﬂ@&%ba over
the surface of said first Iayer of dielectric; then depositing a |ayer of

capaQﬁgggrfgxﬂd%ﬁﬁyl%l@%tggh@glgMer the surface of said first | ayer of
capacitor electrode material; then depositing a second | ayer of capacitor

el ectrode material over the surface of said | ayer of capacitor dielectric
material; and then patterning and etching by applying a one-step etch said

secong | ay el afocapaciian gl eot rode ELBLAl A oAl Lavel, of,capact tor
di el ectric material sard firs ayer f & an
interconnect plugs to a Metal-Insulator-Metal capacitor by applying

the dual damascene process, comprising the steps of:

providihg a substrate, said substrate having been provided with
semiconductor devices in or over the surface thereof;

providing a - first level of dual damascene interconnect plugs
through a first layer of dielectric deposited over the surface of
said substrate, said first level of dual damascene interconnect
plugs comprising at least one first and at least one second dual
damascene interconnect plug;

creating at least one Metal-Insulator-Metal capacitor over tﬁe
surface of said first layer of dielectric aligned with said at least
one first dual damascene interconnect plug, said creating at least
cne Metal-Insulator-Metal capacitor comprising a one step etch of a

‘stack of layers comprising a first layer of capacitor electrode
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electrode material. 38. The method of claim 33, said |ayer of et@h§sip 200%.
material conprising silicon nitride. 39. The nethod of claim 37, said first
| ayer of capacitor electrode material conprising tantalum 30 "o a oEC
200) 40. The method of claim 37, said a | ayer of capacitor dielectric
material conprising silicon nitride. 41. The nethod of claim37, said
second | ayer of capacitor electrode material -conprising tantalum 42. A

- method of form ng conductive interconnect plugs and interconnect plugs to a
Met-al -1 nsul at or-Metal capacitor by applying the dual danascene process,
conprising the steps of: providing a substrate, said substrate having been
pr oviRRdeE Widtlh oyer ebadhicholadevi ctsciproitayetidle tsurf acectrhaleotar
depositing a first layer of dielectric over the surface of said substrate;
pat t éftHialg aas¢ cenchilagesabl ipstitayesioftihidd ectddrdalcheatcng ahideast
.one first dual damascene opening and at |east one second dual damascene

openifrig-dthrloggir edi daparstobayescofodh el ectd icintdddd Wignsakdgakilgast one
first and said at | east one second dual damascene opening with copper,
creatiaygratofl edsti c@eifirst and at | east one second copper dual danmascene
plug; creating at |east one Metal-Insul ator-Mtal capacitor over the

surface ofdegaisd tfingSh hayer oF &i&h et Ga8aldiqat,J8ast,.008 MeLal ¢

satd first layer of dielectric, thereby including exposed surféces
of said at least one Metal-Insulator-Metal capacitor;

providing a second level of dual damascene interconnect plugs
through a second layer of dielectric deposited over the Surface of
said first layer of dielectric and through said layer of etch stop
material, said second level of dual damascene interconnect plugs
comprising at least one third and at least one fourth dual damascene
interconnect plug, said at least one third dual damascene
interconnect plug being aligned with said at least one Metal-
Insulator-Metal capacitor, said at least one fourth dual damascene
_interéonnect plug being aligned with said at least cne second dual
damascene interconnect plug; and

depositing a layer of passivation material over the surface of

said second layer of dielectric.

13. The method of claim 12, said first level of dual damascene

interconnect plugs comprising copper.
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I nsul ator- Metal capacitor being aligned with said least 31 ‘o '§ p-IEGGEH.
one first dual damascene opening, said creating at |east one Mtal
| nsul at or- Metal capacitor conprising the steps of: (i) depositing a first
| ayer of capacitor electrode material over the surface of said first |ayer
of dielectric wherein said a first |layer of capacitor electrode is in
contact with said first |ayer of dielectric; then (ii) depositing a |ayer
of capacitor dielectric material over the surface of said first |ayer of
capacitor electrode material; then (iii) depositing a second | ayer of
capacitor electrode material over the surface of said | ayer of capacitor
dielectric material; and then (iv) patterning and etching by applying a
one-step etch said second | ayer of capacitor electrode material, said |ayer
of cdagaciTher mdicebdctfi clat erd alsaaind ssaicthdf ileste ]l ayeduel dapasttos
el ectrode material; depositing a |layer of etch stop material over the
sur f ace eafconakdtf bl als| aymsrodfin edaggdgrd.c, thereby including exposed
surfaces of said at | east one Metal-Insulator-Mtal capacitor; depositing a
second | ayer of dielectric over the surface of said |ayer of etch stop
material; 32 :

15. The method of claim 12, said creating at least one Metal-

Insulator-Metal capacitor over the surface of said first layer of
dielectric aligned with sald at least one first dual damascene

interconnect plug comprising the steps of:

depositing a first layer of capacitor electrode material over
the surface of said first layer of dielectric; then
depositing a layer of capacitor dielectric material over the
surface of said first layer of capacitor electrode material; then
depositing a second layer of capacitor electrode material over
the surface of said layer of capacitor dielectfic material; and then
patterning and etching by applying a cne-step etch said second
| layer of capacitor electrode material, said layer of capacitor
dielectric material and said first layer of capacitor

electrode material.
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'p g DEC 2004. patterning and etching said second | ayer of diel edt§iBEC 2004,
creating at |least one third dual danmascene opening and at | east one fourth
dual damascene opening through said second | ayer of dielectric and said

| ayer of etch stop material, said at |east one third opening being aligned
with said at | east one Metal -lInsul ator Metal capacitor, said at |east one
fourth opening being aligned wwth said at | east one second opening created
through said first layer of dielectric; and filling said at | east one third
and said at |east one fourth dual damascene opening with copper, creating
at least one third and at |east one fourth copper dual damascene plug. 43.
The it - hddheofmedhaidmed2claddi L2onadly bppdyiafy eadhi ssppstepeofiapl anari zati on
of the surface of the deposited first layer of dielectric, using nethods of
Chem aaip NeditanisddlicBal hshirnde.said first additional step being applied
after said step of filling said at |east one first and said at |east one
second dual damascene opening with copper. 44. The nethod of claim42,
additionally applying a second step of planarization of the surface of the

deposit edriseernthdiayer cohigli ebpctsig, fi@éﬁlgla}%frh%s c@baCheni-cal cMeebaai cal
Pol i shing, said 33 "o a o~c 2uo~. first additional step being applied

af t erps@d 0 St eRefi finlyl kRgrgaid. at 1 east one third and said at |east one
fourth dual damascene opening with copper. 45. The nmethod of claim 44,

additionally depositing a |ayer of

18. The method of claim 12, said a layer of capacitor dielectric

material comprising silicon nitride.

19. The method of claim 12, said second layer of capacitor electrode

material comprising tantalum.

20. A method of forming conductive interconnect plugs and
interconnect plugs to a Metal-~Insulator-Metal capacitor by applying
the dual damascene process, comprising the steps of:

providing a substrate, said substrate haviﬁg been provided with
semiconductor devices in or over the surface thereof;

depositing a first laver of dielectric over the surface of said
substrate; |

patterning and etching said first layer of dielectric, creating
at least one first dual damascene opening and at least one second

dual damascene opening through said first layer of dielectric;
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passi vation over the planarized surface of said second | ayer of'ﬂi&ﬂﬂﬁiﬁmﬁi
46. The nethod of claim42, said |ayer of etch stop material conprising
silicon nitride. 47. The nethod of claim42, said first |ayer of capacitor
el ectrode material conprising tantalum 48. The nethod of claim42, said a
| ayer of capacitor dielectric material conprising silicon nitride. 49. The
met hod of claim42, said second-|layer of capacitor el ectrode materi al
conprising tantalum 34 0 a OB~ zoos. 50. A nmethod of form ng conductive
i nterconnect plugs and interconnect plugs to a Metal-Insul ator- Mt al
capaci tor by applying the_ dual damascene process,. conprising the steps of:
provi di ng féﬁé&ﬁ@t Fate, a8al 823tibee? at B Ha\dty Iedh ar d¢rgéEd onpt Recond
sem conductor devices in or over the surface thereof; depositing a first
| ayerdWf! dileglrécrriec opgeinghel tlyrd aeetak, saiahtsiistrtateaspapner Al ngt aned
etching said first layer of dielectric, creating at |east one first dual
damasteneagievingg sandndt dhedsdamneceseeandigfual damascene openi ng t hrough
said first layer of dielectric; filling said at |least one first and said at
| east one seedgndgdaal ldarbsceaeMepaht hgswid v copperl, capeatitng ateletlsé one
first and at | east one second copper dual damascene pl ug; :

surface of said first layer of dielectric, said at least one Metal-

Insulator-Metal capacitor being aligned with said least

one first dual damascene opening, said creating at least one Metal-
Insulator-Metal capacitor comprising a one step etch of a stack of
layers comprising a first layer of capacitor electrode material oﬁer
‘which a layer cof capacitor dielectric material over which a second
layer of capacitor électrode material wherein said a first layer of
capacitor electrode is in contact with said first layer of
dielectric;

depositing a layer of etch stop material over the surface of
said first layer of dielectric, thereby including exposed surfaces
.of said at least cne Metal-Insulator-Metal capacitor;

depeositing a second layer of dielectiric over the surface of

said layer of etch stop material;

patterning and etching said second layer of dielectric,
creating at least one third dual damascene opening and at least one

fourth dual damascene opening through said second layer of
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creating at |east one Metal -Insul ator-Metal capacitor over the sﬁhﬁaﬁ@cdﬂmk
said first layer of dielectric, said at | east one Metal |nsulator-Metal
capacitor being aligned with said | east one first dual damascene openi ng,
said creating at |east one Metal-Insulator Metal capacitor conprising the
steps of: (i) depositing a first layer tantalumover the surface of said
first layer of dielectric wherein said a first layer of tantalumis in
~contact with said first layer of dielectric; then 35 0 g DEC 2004. (ii)
depositing a first layer of silicon nitride over the surface of said first

| ayer of capacitor electrode material; then (iii) depositing a second |ayer
of tahtalerhverantheagdr flazeropfsaich | siyer noftedpdci tsariddiael eetsicone
material; and then (iv) patterning and etching by applying a one-step etch
sai d Sechdleniewy dleingnedliionpdsaithfsasd dtayerasaf osid Meeaiprirheudetand said
first layer of tantalum depositing a second |ayer of silicon nitride over
the detfalceagfacsiaiod,fishdtl hayeeaot dheleairiic ofdiamepypeling Hdifg-8xRoeRd
surfaces of said at | east one Metal-Insulator-Mtal capacitor; "depositing a

seconschidyear lefasti eneCteicenaVvepet hey StFdAc) afh&RigH IaYer r9f-set ¢y 8l 0P
material; patterning and etching sald second | ayer of dielectric, creating

at | edsd1 cane-itd) éhgdual damascene opening and at | east one fourth dual
damascene openi ng through said second | ayer of

filling said at least one third and said at least cne fourth
dual damascene opening with a metal, creating at least one third and

at least one fourth dual damascene plug.

21. The method of claim 20, additionally applying a first step of
planarization of the surface of the deposited first layer of
dielectric, using methods of Chemical Mechanical Polishing, said
first additional step being applied after said step of filling said
at least one first and said at least one second dual damascene

opening with a metal.

22. The method of ¢laim 20, additionally applying a second step of
planarization of the surface of the deposited second layer of
dielectric, using methods of Chemical Mechanical Polishing, said
. first additional step being applied éfter said steps of filling said
at least one thirdrand said at least one fourth dual damascene

opening with a metal.
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dielectric and said second |ayer of silicon nitride, said at Ieaﬂtﬁdﬂﬂlzmﬁ.
third opening being aligned with said at | east one Metal |nsulator-Metal
capacitor, said at |east one fourth opening being aligned with said at

| east one second opening created through said first |ayer of dielectric;
and 36 ~0 a oEC 200. filling said at |east one third and said at | east
one fourth dual damascene opening with copper, creating at |east one third
and at | east one fourth copper dual damascene plug. 51. The nmethod of claim
51, additionally applying a first step of planarization of the surface of
the deposited first |layer of dielectric, using nmethods of Chem cal
Mechani cal Polishing, said first additional step being applied after said
step of filling said at |least one first and said at | east one second dual
damas¢enel fopem tigpdnictth cd acoppér . a82i t Towea eg hiebwfi tcilnaj m 33yeaddict i onal |y
applying a second step of planarization of the surface of the deposited
secongh$siert iofn divelreathel gl ansirbgedeshptiscofoChanicaledeehaniyeal oPol i shing,
said first additional step being applied after said steps of filling said
at | easdlomneridhird and said at | east one fourth dual damascene opening with
copper. 53. The nmethod of claim52, additionally depositing a | ayer of

passi vation over the planarized surface of said second | ayer of dielectric.
37 .Al.AhB. AyhB. A

h h. h., Ac. Ah. Al
005 K8 e M0 alots. 510 g AR A5 AT B A1

%é:?t%?é% Céf%%?%é?%%fcgﬁ@%?cafg]g?ﬁﬁgglgghca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca

25. The methed of claim 20, said at least one second dual damascene

interconnect plugs comprising copper.

' 26. The methoed of claim 20, said at least one third dual damascene

interconnect plug comprising copper.

27, The method of ¢laim 20, said at least one fourth dual damascene

interconnect plugs comprising copper.

28. The method of claim 20, said creating at least one Metal-
Insulator-Metal capacitor over the surface of said first layer of
dielectric aligned with said at least one first dual damascene

interconnect plug comprising the steps of:
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32. The method of claim 28, said second laver of capacitor electrode

material comprising tantalum.

*33. A method of forming conductive interconnect piugs and
interconnect plugs to a Metal-Insulator-Metal capacitor by applying

the dual damascene process, comprising the steps of:

providing a substrate, said substrate having been provided with
semiconductor devices in or over the surface thereof;

depositing a first layer of dielectric over the surface of said
substrate;

patterning and etching said first layer of dielectric, creating
at least one first dual damascene opening and at least one second
dual damascene opening through said first layer of dielectric;

filling said at least one first and said at least one second
.dual damascene opening with copper, creating at least one first and
at least one second copper dual damascene plug;

creating at least one Metal-Insulator-Metal capacitér over the
surface of said first layer of dielectric, said aﬁ least one Metal-
Insulator-Metal capacitor being aligned with said least one first
dual damascene opening, said creating at least one Metal-Insulator-

Metal capacitor comprising a one step etch of a stack of layers
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of capacitor electrode material wherein said a first layer of
capacitor electrode is in contact with said first layer of
dielectric;

depositing a layer of etch sﬁop material over the surface of
said first layer of dielectric, thereby including exposed surfaces
of said at least cne Metal-TInsulator-Metal capacitor;

depositing a second layer of dielectric over the éurface of
said layer of etch stop material;

patterning and etching said second layer of dielectric,
creating at least one third dual damascene opening and at least one
fourth dual damascene opening through said second layer of
dielectric and said layer of etch stop material, said at least one
third opening being aligned with said at least one Metal-Insulator-
Metalrcapacitor, sald at least one fourth opening being aligned with
sald at least one second opening created through said first layer of
dielectric; and

filling said at least one third and said at least one fourth
dual damascene opening with copper, creating at least one third and

at least one fourth copper dual damascene plug.
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step of filling said at least one first and said at least one second

dual damascene opening with copper.

35. The methoed of claim 33, additionally applying a second step of
planarization of the surface of the deposited second layer of
dieiectric, using methods of Chemical Mechanical Polishing, said
first additional stép being applied after said steps of filling said
at least one third and said at least one fourth dual damascene

opening with copper.
36. The method of claim 35, additionally depositing a layer of
passivation over the planarized surface of said second layer of

dielectric.

37. The method of claim 33, said creating at least one Metal-

Insulator-Metal capacitor over the surface of said first layer of
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depositing a layer of capacitor dielectric material over the
sufface of said first iayer of capacitor electrode material; then

depositing a second layer of capaciter electrode material over
the surface of said layer of capacitor dielectric material; and then

patterning and etching by applying a one-step etch said second
layer of capacitor electrode material, said layer of capacitor
dielectric material and said first layer of capacitor

electrode material.

- 38. The method of claim 33, said layer of etch stop material

comprising silicon nitride.

39. The method of claim 37, said first layer of capacitor electrode

material comprising tantalum.
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41. The method of claim 37, said second layer of capacitor electrode

material comprising tantalum.

42. A method of forming conductive interconnect plugs and
interconnect plugs to a Metal-Insulator-Metal capacitor by applying
the dual damascene process, comprising the steps of:

providing a substrate, said substrate having been provided with
semiconductor devices in or over the surface thereof;

depositing a first layer of dielectric over the surface of said
substrate;

patterning and etching said first layer of dielectric, creating
at least one first dual damascene opening and at least one second
dual damascene opening through said first layer of dielectric;

filling said at least one first and said at least one second
dual damascene 6pening with copper, creating at least one first and
at least‘one second copper dual damascene plug;

creating at least one Metal-Insulator-Metal capacitor over the
surface of said first layer of dielectric, said at least one Metal-

Insulator-Metal capacitor being aligned with said least
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over the surface of said first layer of dielectric wheréin said a
first layer of capacitbr electrocde is in contact with said first
layer of dielecfric; then

(ii) depositing a layer of capacitor dielectric material over
'the surface of said first layer of capacitor electrode material;
then

(iii}) depositing a second layer of capacitor electrode material
over tThe surface of said layer of capacitor dielectric material; and
‘then

(iv} patterning and etching by applying a one-step etch said
second layer of capacitor electrode material, said layer of
capacitor dielectric material and said first layer of capacitor
electrode material;

depositing a layer of etch stop material over the surface of
said first layer of dielectric, therebyvincluding exppsed surfaces
of said at least one Metal—Insulétor—Metal capacitor;

depositing a second layer of dielectric over the surface of

said layer of etch stop material;
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third opening being alignéd with said at least one Metal-Insulator-
Metal capacitor, said at least one fourth opening being aligned with
-said ét least one second opening created through said first layer of
dielectric; and
filling said at least one third and said at least dne fourth

‘dual damascene opening with copper, creating at least one third and

at least one fourth copper dual damascene plug.

43. The method of claim 42, additionally applying a first step of
planarization c¢f the surface of the deposited first layer of
dielectric, using methods of Chemical Mechanical Polishing, said
:first.additional step being applied after said step of filling said
at least one first and said at least one second dual damascene

opening with copper.

44. The method of claim 42, additionally applying a second step of
planarization of the surface of the deposited second layer of

dielectric, using methods of Chemical Mechanical Polishing, said
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' 45. The method of claim 44, additionally depositing a layer of
passivation over the planarized surface of said second layer of

dielectric.

46. The method of claim 42, said layer of etch stop material

comprising silicon nitride.

47. The method of claim 42, said first layer of capacitor electrods

material comprising tantalum.

48. The method of claim 42, said a layer of capacitor dieleciric

material comprising silicon nitride.

49. The method of claim 42, said second layer of capacitor electrode

material comprising tantalum.
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interconnect plugs to a Metal-Insulator-Metal capacitor by applying
the dual damascene process, comprising the steps of:
providing a substrate, said substrate having been provided with
semiconductor devices in or over the surface thereof;
depositing a first layer of dielectric over the surface of said
substrate;
patterning and etching said first layer of dielectric, creating
at least one first dual damascene opening and at least one second
dual damascene opening through said first layer of dielectiric;
filling said at least one first and said at least one second
dual damascene opening with copper, creating at least one first and
at least one second copper dual damascene plug;
creating at least one Metal-Insulator-Metal capacitor over the -
surface of said first layer of dielectric, said at least one Metal-
Insulator-Metal capacitor being aligned with said least one first
dual damascene opening, said creating at least one Metal-Insulator-—
Metal capacitor comprising the steps of:
{1} depositing a first layer tantalum over the surface of said

first layer of dielectric wherein said a first layer of tantalum is

in contact with said first layer of dielectric; then
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~second layer of tantalum, said first layer of silicon nitride and
said first layer of tantalum;
depositing a second layer of silicon nitride over the surface
of said first layer of dielectric, thereby inciuding exposed
surfaces of said at least one Metal-Insulator-Metal capacitor;
depositing a second layver of dielectric over the surface of
said layer of etch stop material;
patterning and etching said second layer of dielectric,
creating at least one third dual damascene opening and at least one
fourth dual damascene opening through said second layer of
" dielectric and said second layver of silicon nitride, said at least
one third opening being aligned with said at least one Metal-
- ~Insulator-Metal capacitor, said at least one fourth opening being
aligned with said at least one second opening created through said

first layer of dielectric; and
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filling said at least one third and said at least one fourth
dual damascene opening with copper, creating at least one third and

at least one fourth copper dual damascene plug.

51. The method of claim 51, additionally applying a first step of
planarizafion of the surface of the deposited first layer of
diélectric, using methods of Chemical Mechanical Polishing, said
first additional step being applied after said step of filling said
at least one first and said at least one second dual damascene

opening with a copper.

52. The method of claim 51, additionally applying a second step of
planarization of the surface of the deposited second layer of
dielectric, using methods of Chemical Mechanical Polishing, said
first additional step being applied after said steps of filling said
at leést one third and said at least one fourth dual damascene

opening with copper.

' 53. The method of claim 52, additionally depositing a layer of
passivation over the planarized surface of said second layer of

dielectric.
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