DAMASCENE BACKGROUND OF THE | NVENTION (1) Field of the Invention W’mmm
invention relates to the fabrication of integrated circuit devices,

Yhore particularly, to a method of applying the damascene process as PT¥P* of
the creation of a MMcapacitor. (2) Description of the Prior Art The
manuf acturing of sem conductor devices frequently requires thgm i

‘el ectrical conponents that collectively performfunctions of mmmmmmm
mani pul ation (logic functions) or functions of data retention (stqgsg]ggq
functions). Most sem conductor devices are devices that perform binary
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circuits. Tn addition, a nunber of applications use anal og I'evel's 0

vol t ages, the voltages having a range of values between a high limt and a
low limt. Digital and anal og nmet hods of signal processing nmay reside side
by side in the sanme sem conduct or devi ce or Vpacka e. 1 wilt is therefore
not unconmon to see a m RAGFERGINR| ettt @N}E& ents and functions,
conpri sing sem conductor devices, resistors and capacitors. The majority of
sem conduct or
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(1} Field of the Invention
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method of abplying

the damascene process as part of the creation of a MIM capacitor.

(2) Description of the Prior Art

The manufacturing of semiconductor devices frequently
requires the creation of electrical components that collectively
perform functions of data manipulation (logic functions) or
functions 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
a high limit and a low limit. Digital and analeg methods of
signal processing may reside side by side in the same

semiconductor device or package.



conponents consists of transistors, gate el ectrodes and a variety of

swi tchi ng conponents for the performance of |ogic processing functions.
Capacitors may form a basic conponent of analog circuits in for instance
*swi tched capacitor filters. Capacitors are further widely applied in
digital applications such as the storage node for Dynam c Random Access
Menory (DRAM circuits. A capacitor nay be used as part of anal og
‘processing capabilities. In digital circuits, the capacitor is used to
provi de charge storage locations for individual bits of digital data that
are stored in the digital Integrated Grcuit (1C. The conventional process

of creating a Gapagl QL LR EOMRLpagl of,ad h & he crealiion af g @E?t?%é €

is arelatively conplex and ther ef or e expensive process. This w urt her
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m xed- nbde applications, is a relatively sinple d therefore cost
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are conventionally used to create damnascene 2 structures. The invention
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M M capacitor. US 6,143,601 (Sun) shows a M M and dual danmascene process.
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capacitor. US 6,180,976 (Roy) shows a MM patterned but no SiN seal
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, 1is a relatively simple and therefore
cost effective method of creating a capacitor. The invention uses

methods that are conventionally used to create damascene



| ayer. US 6,130,102 (White, Jr. et al.), US 6,124,199 (Ganbino et al.), US
6,117,747 (Shao et al.) and US 6,037,216 (Liu et al.) are related patents.
SUMVARY OF THE | NVENTI ON A principle objective of the invention is to
provi de a manuf acturabl e nmethod of creating Metal -1 nsul at or - Met al
capacitors. Another objective of the invention is to apply damascene
processes to create Metal -lInsul ator-Metal capacitors. 3 I n accordance
with the objectives of the invention a new nethod is provided for the
creation q apagi.t in i t i ] ctor
surface thsfattt&i%éupwre%\ii 3& \(/Bvl!htv ﬁ}qgg?nhcgﬁg%?(?ﬁéd%&écrg}é IE)ét\}ceeras ?ﬁ?&ﬂ as%%r% gce

t .her eof . At‘:efcilr{nsc;[loc%pq%q:od%ggsnggeggpg Sgrégtf‘rP lai1 %I\I Ora tah:e t%rre.aF lon of a
first and a second-danascens Eopper i ht erconnect plug th ougha'first |ayer
of dielectric deposited over the surface of the substrate, the upper or
trench portion of the dual damascene interconnects are copper wres in the
surface of the first |ayer of dielectric. Deposited over the surface of the
first |ayer of Y &édtric®lareur)fshers| aydiM otnd il AT Eh T P6EREL i on
of a bottom plate of a capacitor) over which is deposited a first |ayer 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 dlife @ilpd,etd0h (Fnt Reskhrkectepbsl tghows an N-C barrier layer

for a MIM capacitor.

US 6,180,976 (Roy) shows a MIM patterned but no SiN seal

layer.

Us 6,130,102 (White, Jr. et al.}, US 6,124,199 (Gambino et
al.), 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 objective of the invention is to apply damascene

processes to create Metal-Insulator—-Metal capacitors.



| ayers fornms a sandwi ch of three |ayers overlying the first plug, the
patterned and etched three layers forma 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 layer of silicon nitride is
deposited fol | owed by the deposition of a second layer of dielectric. Third
and fourth dual damascene openings are created through the second | ayer of
"dielectric and the second layer of silicon nitride. The third dual

damascene Ope”kﬂgaﬁébﬁﬁn&‘ét@l%\ﬂ'\ﬁ gﬂ%aet&rwegh%ff QUE! Qn%ﬁk damasgepe 4

opening aligns wt e second dua scene plug. The dual danmascene

openi ngs ¢r %ﬁgsd Lhppyght hec secand aven of o ol gelr Lepate Ll gv th

copper, crea an-access contacting he top e capaC|tor
and an access E& cont ctln the second cess Rl EF
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DESCRI PTI GRVER T P SO c?rrosséJ 8E oha6! LEPRERUFIRTe of
a substrate, a first |ay er of di el ectric has been deposited over  the
surface oWlFﬁesgﬂbgPPﬁP%toﬁ.@?Y%@e%ﬁﬁm§e€3ﬁﬁf%66ﬁ€ﬁ dharegimsceneShl ug
have been created through the first layer of dielectric. Fig. 2 shows a
cross sectCiPBREAf HaRagueresRT Ve HepbsidRin &t LT ithet Crgpéd oBf of adt B tdt ( Ta)
over which is deposited a first layer of silicon nitride over which is
deposi t ed aadseceadohdydamascenmt edrpey Td)termapnetsivdwy ahepogh se€irdh
after the three deposited | ayers have been etched, creating a capacitor
al i gned wilklyetrthef dielectric deposited over the surface of the substrate,
the upper or 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 deposited a second layer 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 layers overlying 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 followed by the deposition
of a second layer of dielectric. Third and fourth dual damascene
openings are created through the second layer of dielectric and

the second layer of silicon nitride. The third dual damascene

opening aligns with MIM capacitor. The fourth dual damascene



first dual damascene plug. Fig. 4 shows a cross section after the
deposition of a second |layer of silicon nitride. 5 Fig. 5 shows a cross
section after dual damascene plugs have been created aligned with the
“second dual damascene plug and the created capacitor. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS Referring now specifically to the cross section that
s showmn in Fig. 1, there are shown the follow ng el enents: - 10, the
surface of a layer of sem conductor nmaterial, preferably the surface of a

silicon syBshialea1 &M cenduct §B%6d&¥8ugﬁoha%ﬂgﬁﬁhehFYQ been. cieat ed over
the surface of Substrate 10 - 12, a first layer of die ec?rlc deposi ted

over Lhe Sunbasenslosubslgate il cq I dudh] 8t duab-daraseens, phig oceated

t hrough t rrst | ectric, this tirst dual damascene plug is

referably_ fill i th_copper - 16 secaond _dual _d cen I r ed
P ougn_t RECt FHERetb LR 08RGer, Mhedt (P O A RIS PR pRL I ERL P
is preferabl illed_ with copper. In fabricating very and ultra | arge scal e
| ntograti DI RESIC e iSRS LA S o Ee daaP LUlnABEEREE phOCEES. an
InSU|atlngegond dual damascene access plug.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross section of the surface of a substrate,
a first layer of dielectric has been deposited over the surface
of the substrate, a first and second copper dual damascene plug

have been created through the first layer of dielectric.

Fig. 2 shows a cross section after successive deposition of
a first layer of tantalum (Ta) over which is deposited a first
layer of silicon nitride over which is deposited 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.



or dielectric material, such as silicon oxide, of a sem conductor device is
patterned with several thousand openings for the conductive lines and vias
which are filled at the sane tine with netal and serve to interconnect the
“active and/or passive elenents of the integrated circuit. The dual
damascene process also is used for formng the nultilevel conductive |ines
_of nmetal, such as copper, in the insulating |ayers, such as polyimde, of
nmufti -l ayer substrates on which sem conductor devices are nount ed.
Danmascene is an interconnection fabrication process in which grooves are
formed in an insulating layer and filled with metal to formthe conductive

lines. Dual dagpscene,is, & ufldcd auel 1! ereanngetion process ho.gbich,.
in-addition to rm ng e grooves of singl’é damascene, con uctfvedvia
openings also are for . In the standard dual, d scene process, the

i nsul at i ng°Faysf 7 sS% oat v the%l phot 5F&sT %ﬁ‘?c HESERPBsBUYY h ¥Ugh &
first mask with inage pattern of the via openings and the pattern is
anisotropFEﬁFF?de?%ﬁﬁ 9 the upper half of the insulating |layer. The
phot oresi st now i s exposed through a second nask with an i mage pattern of
t he conductive |ine openings, after being aligned with the first mask
pattern to enconpass the via openings. In anisotropically etching the
openi ngs for the condddtSCGrd HTIRds OFn THRe PRBPpERRKAI EMBPDEIMENTHisul at i ng
material, 7 the via openings already present in the upper half are

Referring now specifically to the cross section that is
shown in Fig. 1, there are shown the following elements:
- 10, the surface of a layer of semiconductor material,
preferably the surface of a silicon substrate, 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 dielectric, this first dual damascene plug is preferably
filled with copper
- 16, a second dual damascene plug created through the first
layer 12 of dielectric, this second dual 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



si mul t aneously etched and replicated in the Iower half 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 single
“damascene because it permts the filling of both the conductive grooves and
vias with netal at the same tine, thereby elimnating process steps. The
Jayer 12 of dielectric is typically formed using silicon dioxide but is not
limted to this material and can al so conprise other typically applied

dielectri il nj-tri ("nitride"), 2t ra- et hyl - -silicate
( TECS) baggdagg?%§§?§%5?%?p'%gbh§g§¥gﬁgi%é%gga%ags?%épsg§,x sohtbgaaldisa
phospho-silicate:glass (PSG, horo-silicate-qglas BSG
D db- i ¢ PPHEE o] BebT TG0 HHL GiRset ok 8 C 2T T hPasFar chianced
silicon nitride (PSiNx), titanium oxide, oxynitride, a J]ow dielectric,
const ant ﬁﬁPgPFEIKLYe sjcﬂc‘%e%lsaﬁdﬁ?gseﬁmﬁq%sé‘s?&ui?&;;ﬁg, aBnHL?lDF’?Iﬁ%GtJ(‘H? ghtth
density-plasma fluorine-doped silicide glass), which is a dielectric that
has a | owBEtdlefBEt PEEVR Ot HHICHIRANGEg(HhSr 26%iid8. 2BBARY oP2BREVRi el ectri cs
can be grown on the surface of the substrate or can be physically deposited
by for instameeta sputherimge prajesssigicy offher dehéntlannsaeihopBEoeEss
dielectric deposition. 8 The nost conmmonly used and therefore the
pref erredadiel ést nsed Hért frermimerticomuldn lelveldepodirttoneol ihayepf 12 are
silicon dioxide (doped or undoped), silicon oxynitride, parylene or
pol yi m demespiln- snell assqopbears,nairoxitde iorsulBE¥Dgoxegers, such as

polyimide, of multi-layer substrates on which semiconductor

devices are mounted.

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. In the standard dual damascene process, the insulating
layer is coated with a photoresist which is 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,



For the creation of dual danmascene 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 nmethods of CMP,
after the nmetal fill for the creation of dual damascene 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. 2, in which additionally are highlighted the

foll owi ngrgkepeatSpenid@s A dddff JrawentofinMcMeelgebiodgr rabeEl al ,
preferably conprising tantalum (Ta), deposited over the surface of the

first layefnd2:9fedhel $eltdifea A 2J13¥EN L GARAC! %g&:egi RLEELLE Cone

preferably conprising a first layer of silicon nitri deposited over the

surface of ISt 18 tal u . - 22, d r M M
electrodegﬁgpg?ﬁgﬁg %%g¥€r%£1yq%g%%$ﬁg¥hghggﬁPgl§%1f$%§?8ggbo%?¥edj%%er t he
surface of .|l ayer Zg.of capaci t or di%; tr'c..t a er5118 Zﬁ gnd 22 forma
stack of UAFeeiPdybiSe T CHIES diter At erith and et BRF Aot T25e7 96 T | |
forma bot~om pl ate or el ectrode of hﬂhﬂcap%%itor, llayer 20 wi|l forma
capacitoraBiéWEE?Y?%e%BdOY%§e§1%§9§M AMHS§RCa PEGFUSFat b BFTE WP MR%paci t or .
For layers 18 and 22 may therefore be used any suitable material that can
be appliedifdinghef cPeblti bt cfondBrtdi® weaymsprafeyisfp with metal at the

same time, thereby eliminating process steps.

The layer 12 of dielectric is typically formed using silicon
dioxide but is not limited to this material and can also comprise
other typically applied dielectrics such as silicon nitride
{(“nitride”), tetra-ethyl-ortho-silicate (TEOS) based oxides,
boro-phosphate-silicate-glass (BPSG), phospho-silicate-glass
(PSG), boro-silicate-glass (BSG), oxide-nitride-oxide (ONO),
tantalum pentoxide (Ta;0s)}, 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.



a Metal -Insul ati on-Metal capacitor, tantalum (Ta) has been cited above as
one exanple of such a material. Materials that may be considered for the
creation of a bottomand a top plate of a M M capacitor are alum num (Al),
“titanium (Ti), titaniumnitride (TiN), tantalum (Ta), tantalumnitride
(TaN), tungsten (W, tungsten nitride (WN), nolybdenumnitride (MN),
.copper (Cu) and the like. O her materials that can be used as a capacitor
el ectrode material include platinum(Pt), palladium (Pd), osm um (Gs),

rut heni um (RU) el rhGLUMAEARL DR addithgetraxiie (ReP2)rofe03) and the

like. I'n addition, conbinations of the foregoing mater S can be used as
MM capacitor el ectiode I erial,. 49, baxsl 20.0f capaciEof diel potris
pref erabl y conprrses silicon nitride bdt can betserected from a group of
capacitor dielectrics, such as oxide-njtride-oxide (ONO, .Siz Si 3N9. and
ot her hi gﬁlbji‘-EP%c?Jr%l%%nE‘?%‘?f Tt PS chS&%lFﬁﬁt 8F&H%b£h$%xi%%r¥l%%5 )
. Fig. 3 shows_a cross section of the substrate after_the three |ayers 18,
20 and 22°RabelBEBhdpat TRY NS Fhd St hdd SMdsiOrd SoRve iEFBRaP*HEE hods of
phot ol i t hographi ¢ exposure and patterning. The |ayers 18, 20 and 22 have
been renoved from above the surface of layer 12 of first dielectric with
the exception of the stack of layer 18, 20 and 22 overlying the first
copper dual daRescehe cogrticen ppugued. dEvescemei wilhgsstdckndf Lpayiee | ayers
18, 20 and 22, as shown in the cross section of Fig. 3, forma

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 damascene 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. 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 layer 18 of tantalum



M M capacitor 21. Fromthe cross section that is shown in Fig. 3 it nust be
noted that: The layers 18, 20 and 22 have been etched by applyir_g a one
time etch of these |ayers The stack of patterned and etched | ayer 18, 20
"and 22 are aligned with the first dual damascene copper plug 19 11

Layers 18, 20 and 22 are renoved from above the second dual danmascene
.copper plug 16, exposing the surface thereof, and The one-tine etch of

| ayers 18, 20 and 22 stop on the surface of the first layer 12 of

di el ectric. 2Jhe,i Byeshd ona P OcEedsiM 1% tdodd Fn@tte?@a@ep?ﬂarféﬁgb}?f/ a second
| ayer 24 of silicon nitride over the exposed surface of first | ayer 12 of

di el ectri Foﬂﬁgiébﬁget’f%@ﬁﬁU(Tfaa)c,eﬁe?;ostiQ%dMoMeﬁaEﬂ%i %Bglf%&e Jhi faﬁlféﬁ/ei%gg

essentially serves as an etch stop |ayer and, althoug Icon nitride

been citegfag?éggipggfgqéfg meterial to be used for this layer, the layer
g

may be deposi using a naterial that conprises a silicon conponent, for

i nstance dielectrics such as silicon dioxide ("oxide", doped or undoped) or
silicon nitride ("nitride"), silicon oxynitride, silicon carbide (SiC
silicon oxycarbide (SiOC) and silicon nitro carbide (SiNC). Layer 24,

preferably conﬁ?V%FﬁglgiI%%Oﬁpqﬂ%%iﬁﬁfm<§aﬁt@€kd850§P%§8 UV RGS LpesAroY

PECVD procedures, at a tenperature between about 200 and 800 degrees C., to
a thi cknegétpet peegerning and etching, layer 18 will form a bottom plate

or 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 of 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
(Ir0O,), ruthenium oxide (Re0;), ReO3) and the like. In addition,
combinations of the foregoing materials can be used as MIM

capacitor electrode material.

10



about 200 and 5,000 Angstrom The cross section of Fig. 5 shows how t he

i nventi on now conpletes the structure, using the dual damascene process and
12 structures, providing access to the created M M capacitor 21 and the
second copper dual damascene plug 16. A second |ayer 26 of dielectric is
deposited over the surface of the deposited second |ayer 24 of silicon
.nitride. Dual damascene openings are created through |ayer 26 of dielectric
and |l ayer 24 of etch stop material for plugs 28 and 30 after which these

openings are fil)ed » tdr copReritotheisuktace obrbhergscondohgyese 26 if
dielectric is polished, using nethods of Chem cal Mechanical Poli shing,

after thesooppet 111LIR0 Jor oligs, 28190030035 Desnodeposi Lade rapvi ng

excess copper fromthe surtace of |ayer and provrdi ng goo anarity to
this surface a final, step,. .the l. r,. .32 _of, p Lvat Lo erial_1s
deposi t ed %%%?é? e St é%é“%#”?é%%ﬁ”%%ﬁdfhgﬁg y ?%@?Xdi%bz’ﬂggﬁgfi%%%d
surface of plugs. 28 and 30, for protection of the created structure against
potentiaI?Eﬁﬁﬁgﬁﬁéﬁd%5$V%%§%§%ﬁc4ﬁﬁ%ﬁ? rmﬁﬁﬁﬁﬁﬁthBF e?ﬁogﬁ?ga#%nnnisture,
chem cals, netal and the |ike. The invention can be summarized as foll ows:
A subst r a8 FS* v TR, “seni conduct or devi ces have been created in or over
the surface of the substrate A first and a second conductive plug are

formed, using dual danascene procedures, through a first |ayer of

di el ectric deposited over the surface of the substrate
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 exception 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:

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

time etch of these layers

e The stack of patterned and etched layer 18, 20 and 22 are

aligned with the first dual damascene copper plug 14

11



13 A stack of three layers is created over the surface of the first

| ayer of dielectric, conprising a first |layer of MMelectrode materi al,
_over which a second |ayer of MMdielectric material over which a third

| ayer 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 [s i ted i,rd-.and_a uctive .plu re forned,
usi ng duaf J%ﬁ%gébﬁgf ?@r%gahgghgggeﬁ%ﬁﬁé %yﬁgggfgéé%ﬁec‘%?%%Kﬁﬁ%%¥%ﬁrd
conductive plug being ali M cagggitor t he fourth conductive

d.with.the M
e bei e AT Y cRPPRE BLllndS corater | Vo Bt SRS (it st S

second | ayer of dielectric polished, using nethods of CMP, the renove
excess mefalThe omaiidmeuetgaectfhépgets M| ayerand passicrmtdrorihiss sgedesiet ed
over the surface of the second |ayer of dielectric, and All conductive

pl ugs pref erdblbheaude regpperveas lanoifntieeconnect . nedium 14 Al t hough the

i nvention has been described and illustrated

The invention 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 (“oxide”, doped
or undoped) or silicon nitride (“nitride”), silicon oxynitride,
silicon carbide (SiC), silicon oxycarbide (SiOC) and silicon

nitro carbide (SiNC).

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

about 200 and 5,000 Angstrom.

The cross section of Fig. 5 shows how the invention now

completes the structure, using the dual damascene process and
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with reference to specific illustrative enbodinents thereof, it is not

i ntended that the invention be I[imted to those illustrative enbodi nents.
_Those skilled in the art will recognize that variations and nodifications
can be made without 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 cl ains and
equi val ents thereof. 15 What is clainmed is: 1. A nmethod of formng

conduct i vgtgggg{lggglpf‘ﬁo@i&lﬂ?g dJu %VOCF&@I%G%%SBEEEFM f Bapacitor 21 and

Met al -1 nsul ator-Metal capacitor by applying t anascene process,

conprisin h S . _pravidi strate, said r hayi ng. been
provi ded gﬁ hgggéﬁgo%d%%?gr&%%£%4§ﬁ§%é%%%r%&@ riﬁhehsﬁé?gﬁé ?% ?%2?% S
providing ,at .l east one first, and at | east one _second _dual danmascene plu
Phrough adf PreEEFAgers tonrl B ifienidnBs cDadBtor bt hE oUPPaReey Sere
substrate; creating_at |east one Metal -1nsul ator-Metal capacitor over the
surface of-2¥&Fd ﬁi8§ts+%§%9“cﬁl§ﬁ%ﬁ§ﬂnﬂqqé SPMGREATRI PREBAIES a? T F €3t 0Ffe
first dual damascene plug; providing at |east one third and at |east one
fourth duahraaﬁﬁsé@h%rp?ggOErﬁUeﬁﬂgqﬁtr(m) agd dperrofdePEnCEEBpShap eprdlggrial
deposited over the surface of said first |layer of dielectric, and (ii) a
second | afer pfudpeP&candc3lepbsin ethigverthelse spehapegs are filled with

copper. The surface of the second layer 26 if dielectric is
polished, using methods of Chemical Mechanical Polishing, after
the copper filling for plugs 28 and 30 has been deposited,
removing excess copper from the surface of layer 26 and providing
good planarity to this surface. As a final step, the layer 32 of
passivation material is deposited over the surface of layer 26,
thereby including the polished surface of plugs 28 and 30, for
protection of the created structure against potentially damaging
effects of further handling or exposure to moisture, chemicals,

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 first and a second conductive plug are formed, using dual
damascene procedures, through a first layer of dielectric

deposited over the surface of the substrate

13



of said |layer of etch stop material, said at |east one third dual damascene
plug being aligned with said at | east one Metal-1nsul at or-Metal capacitor,
_said at |east one fourth dual damascene interconnect plug being aligned
with said at | east one second dual danmascene plug. 16 2. The net hod of
claim1l1, additionally depositing a |ayer of passivation over the surface of
.said second | ayer of dielectric. 3. The nethod of claim1l, said at |east
one first dual damascene plug conprising copper. 4. The nethod of claim1,

said at |gast gne,seco %r%%a'lag@@%@”ﬁr@%t‘&dc@%f S of2then€

met hod of claimT1, sal | east one thir amascene p ug conpr|5|ng
copper t hod of _clai id at | east one, fo rth dual scene
p|58 conprlé? q?&ﬁﬁbr °f d+ﬁg]ﬁ%EﬁSG PRt af g, @ sdyaﬁbreé?lnﬁfgﬁ east
one Metal In uIator-N@taI acitor over the surface of said fijrst ¥en of
diel ectric &igie®d (R ?éul& at OVEAsTIORR #i PSEOYlate e ﬁil&g}ec ric

conprising the steps of: dep05|t|ng a first layer of capacitor el ectrode
material ovetaqd adurorade W chapd thi Fdt 1 pugErobMEN et lrdticde madgrial
depositing a |layer of capacitor dielectric material over the surface of
said firse |Hyerstfckcafachirer ébgetsodle abtkeedal appheinda one-step etch,
leaving these three layers in place in a pattern overlying the

first interconnect plug and forming a MIM capacitor thereover

e A layer of etch stop material is deposited

¢ A second layer of dielectric material is deposited

e 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

e A layer of passivation is deposited over the surface of the
second layer of dielectric, and

e All conductive plugs preferably use copper as an interconnect

medium.
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depositing a second | ayer of capacitor 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 | ayer of capacitor

el ectrode material, said | ayer of capacitor dielectric material and said
first layer of capacitor electrode material. 8 The nethod of claim1l1, said
.layer of etch stop material conprising silicon nitride. 9. The nethod of
claim7, said first |ayer of capacitor electrode nmaterial conprising

tantal um 10. AhensRihochoOf i GlHMh 3l bednl a¥8br9heganagi t o1 elesdric
material conprising Silicon nitride. 11. The nethod of claim7, said second

layer of GAPACLLAL Ehectods, Jmlerd al) .GaTRLIS1vad chBBhahUfit s 12he AL Nod of
form ng conductive 1 nterconnect plugs and interconnect plugs to a

Metal -1 nsyla 8£'§/E£8ﬁd§@ 18 An by ARG Ehe sdyal jdapasasne process,
conprising the steps o :g%§ providing a substrate, sard sugstrate havi ng
been provided with.sem conductaor deyices in.qr _over _the surfa t her eof ;
providinglg?FFﬁg?pf%%e?ﬁéﬁ %Wﬁﬁ%%ﬂa Q§§h§kﬁ&ﬁggcﬁﬁngéF BFgggliﬁrEﬁﬁﬁprze
first layer of dielectric deposjted over the surface of said substrate,

sai d firstPREVERT b bHOAT ﬂé‘ﬁé%%ﬁ%ﬁ%oﬁﬁ@cgeppéﬁé WORBPPEI APt 1 4st

one first and at |east one second dual . _
from the spirit of the invention. It is therefore intended to

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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damascene i nterconnect plug; creating at |east one Metal-1nsul ator- Mt al
capacitor over the surface of said first |layer of dielectric aligned with
_said at least one first dual damascene interconnect plug; depositing a

| ayer of etch stop material over the surface of said first |ayer of
dielectric, thereby including exposed surfaces of said at |east one

.Metal -l nsul ator-Metal capacitor; providing a second | evel of dual danmascene
i nterconnect plugs through a second | ayer of dielectric deposited over the
surface ofjhgai dsfL{simd@yes. of dielectric and through said | ayer of etch
stop material, said second | evel of dual damascene interconnect plugs

conpri si ng, aﬁ\ 88364058 E&Erf c@’lf’or?&ué Q3% 4 %Q%rc%'ﬂ%%gt g%ggagﬁéce”e

i nt erconnect ug, said at t one t ird anasce nt erconnect pl ug

being align h at_|.east e nsul at or N@tal acitor, said
at | east %n%ngaé %égug}u%%ﬁgéceﬁggiHtefgg%ﬁggf gFug &Fhg°© Eggn ¥ with
sai d at Ieas& one second gqga?danascene i nt er connect Blug i
deposi ti n§PRIYAYEr “BF P43 51T HatE %8S Sov EPPRe SL 0Pt E% BFegﬁiﬁfsecond
| ayer of dielectric. 13. The nmethod of claim 12, said first |evel of dual
damascene i nt ePESRASERI pf UFL TorRIrS /si 7 T PRSIt rats. hFHADAePRBA BFO¥IEE 12,

sai d second | evel of dual damascene interconnect plugs conprisin _copper.
15. The nmPERBASBIiEPRAIRTAQr AT T eldt idfy caterl &4st synéappt fhereot;

| nsul at or- Met al capacitor over the surface of said first |ayer of
providing at least one first and at least one second dual

damascene plug through a first 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 one first dual damascene plug;

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

(i) a layer of etch stop material deposited over the surface
of said first layer of dielectric, and

(ii) a second layer of dielectric deposited over the surface
of said layer of etch stop material,

said at least one third dual damascene plug being aligned
with said at least one Metal-Insulator-Metal capacitor, said at
least one fourth dual damascene interconnect plug being aligned

with said at least one second dual damascene plug.
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dielectric aligned wwth said at |east one first dual danmascene interconnect
pl ug conprising the steps of: depositing a first |ayer 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 |ayer of
capacitor dielectric material; and then patterning and etching by applying

a one-step etgd saiheecond dayer, Aafianpacinal akeekiedssmat esyak opaid
| ayer of capacitor dielectric material and said first |ayer of” capacitor

I
el ectrode i T £ .clai , I y [
stop mat eplgg%?g%ﬁ%?ril gtlg)\ﬁ%r ;th?el c%ﬁrﬂr%éﬁ%%e.%af%‘. %ﬁgllg%éetl%gggo{pﬁc?gle% t(ZQ%lés."ai d
first layer of capacitor electrode material conprising tantalum 18. The

met hod of claim 12, said a |layer of capacitor dielectric materi al
conprising sjJicon nitride. 19. The nethod of claim 12, said second |ayer
of capacigOr&é?e%??%%%'%gt%%?%ﬂ ot i%%;%ﬁQﬁFaPGﬁl%éé?tAgH% hgﬂm%?ceg%
form ng conductive interconnect plugs and interconnect plugs to a

Met al - | nsBIFBE oF OWRE BF LRAPEHERYT- by appl yi ng the dual damascene process,

conprising the steps of: providing a substrate, said substrate having been
provi ded

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.

7. The method of claim 1, 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
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
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W th sem conductor 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 |east one first

dual damascene opening and at | east one second dual damascene opening
through said first layer of dielectric; 21 filling said at |east 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 pl ug;
creating at le et al -1 nsul atqr- Metal i.tor e of
said first |ay§§b8$ng%$é%t?%c, sgf§k3¥©F§§§%%%%go F§?¥?%8§?a?%?§%£%gl
capacitor being,aligned wth said | east e first dual. damascene_openi ng;
depositinﬁvgrlg9%rsg §%?%H3gt%ﬁ%#Lﬁ%%%IafggﬁéPaFH%°§usﬁ828g§FlSa?ﬁtgfiﬁrg

| ayer of diﬁlgﬁtric, t hereby includi ng exposed surfaces of said at | east
one Metal #Pfistul&tor- Metal capacitor; depositing a second |ayer of
dielectric over the surface of said | ayer of etch stop material; patterning
and et chi ng saPats8EBRAI | aFeregthdi®IRcabrd YidPedt PRG-atcPegithofelithi r d
dual damascene opening and at | east one fourth dual danmascene opening

t hrough sé&r§c88condcr agercapacittec@lat s saiteriafer seftdet aliest 0p
material, said at | east one third opening being aligned wth said at | east
one Met al cepsglispordhetatt chpaviteorialsairg saildedstrsenéatyeur bh opeachgobei ng

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.

10. The method of claim 7, said a layer of capacitor dielectric

material comprising silicon nitride.

11. The method of claim 7, said second layer of capacitor

electrode material comprising tantalum.
12. 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:
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aligned with said at | east one second opening created through said first

| ayer of dielectric; and filling said at | east one third and said at | east
~one fourth dual damascene opening with a netal, creating at |east one third
and at | east one fourth dual damascene plug. 22 21. The nethod of claim
20, additionally applying a first step of planarization of the surface of
.the deposited first |layer of dielectric, using nethods of Chem cal
Mechani cal Polishing, said first additional step being applied after said

step of filling saidigy 4 eastsngd, rsti ARGserdcat nheaal B8&, Seeonddyal
damascene opening wth a netal. 22. The nethod of claim 20, additionally

appl yi ng @i%ﬁ?@@}é%r‘?@u@*@o?'c@é\?{é@tﬂ on,,0f,Lhe (Fur fsgf%ﬁ/gé EQ&Q{?PQ“ ted

second | ayer o el ectric, using nethods of Chem c chani cal” Pol i shi ng,
said first additional step.bei.ng appli fter, said steps,of fillin aid
2t least one t REP aned SN E T AR e s Rt i anaseere bhbh BT ¢ n
a netal. 23. The nmethod of claim 22, additionally depositing a |ayer of
Dassi vat i SHEBUER EnELPT BnaTSac bOrioes O o ArHOSsEaNAor 8 oF ot Sut 1 @0t c.
24. The nethod of claim 20, said at |east one first dual damascene

i nt er conn&@t9pPUgSEBAPRI sTH cloppdr 1951 e dvelhoamarcenai #oer CaC at

| east one second dual danascene interconnect plugs conprising copper. 23
plugs comprising at least one first and at least one second dual

damascene interconnect plug;

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;

depositing a layer of etch stop material over the surface of
sald first layer of dielectric, thereby including exposed
surfaces 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 interconnect plug being aligned with said at least

one second dual damascene interconnect plug; and
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26. The nmethod of claim20, said at |east one third dual damascene

i nterconnect plug conprising copper. 27. The nmethod of claim 20, said at

| east one fourth dual damascene interconnect plugs conprising copper. 28.
"The nethod of claim?20, said creating at |east one Metal |nsul ator- Met al
capacitor over the surface of said first layer of dielectric aligned with
.said at |east one first dual damascene interconnect plug conprising the
steps of: depositing a first layer of capacitor electrode material over the

surface of saig bé§t‘£u‘1§y£r1£feﬂ'oeé eClddiGa iReNrdeReSLE | B R %@geéulgjiace

capacitor dielectric erial” over the surface of said first [ayer

capaci tor §I?ggao gcggée%#gisd% Zﬁfﬁ qﬁyk;ng a second | ayer of capacitor

el ectrode’materiar. over e of said | ayer of capacitor dielectric
material; and then patterning and etching by applying a one-step etch said
second | ayer of capacitor el ectrode naterial sai d Iayer of capacitor

dielectric_material an i irst_layer cit ctrode material .
29. The ni?hoa %fm%F%?%1%€ q%ﬁVHZV%y ISk Qﬁﬁ?ﬁ g?ﬁﬁ nﬁ?eSFﬁi HRPTFLINg
silicon nitride. 24 30. The nethod of claim28, said first |ayer of
capaci t or 1BF8EFPBR.C ol BFI %I C RIS HIhGPRal um

14. The method of claim 12, said second level of dual damascene

interconnect plugs comprising copper.

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 said 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 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.
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31. The nethod of claim28, said a |ayer of capacitor dielectric material
conprising silicon nitride. 32. The nethod of claim28, said second | ayer
_of capacitor electrode material conprising tantalum 33. A nethod of

form ng conductive interconnect plugs and interconnect plugs to a

Met al -1 nsul ator-Metal capacitor by applying the dual damascene process,
.conprising the steps of: providing a substrate, said substrate having been
provi ded with sem conductor devices in or over the surface thereof;

deposi ti 6a,f|rst1hﬁ%FrfofldleI?%tr|c18v$r t he urfgge of sai.d suhstrate;

patternin |ng Sai ¢ fitf's Vay% ?El%ctrlc Stoeﬂ%ﬁﬁf%ﬁé | east

one first dual, damascene openlngdand at | east one second dual danascene
openi ng tHPEUGH SH £ T Payér6t dielectric: filling said at |east one

first and said at | east one second dual damascene opening wth copper,
creating at |east one first and at | east one second copper dual danmascene
pl ug; 25 creating at |east one Metal-Insulator-Mtal capacitor over the
surface of7saltk fiatdiod gfeclofindilél espiflicfisar dlayer ealstCanrcitor
Met al -1 nsul ator-Metal capacitor being aligned with said | east one first
dual danestereropemaigriddposmpragiagl dgeradfmet ch stop material over the
surface of said first layer of dielectric, thereby including exposed
surfaces of said at | east one Metal-Insul ator-Mtal capacitor;

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 having been provided
with semiconductor devices in or over the surface thereof;

depositing a first layer of dielectric over the surface of
salid 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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depositing a second | ayer of dielectric over the surface of said | ayer of
etch stop material; patterning and etching said second | ayer of dielectric,
creating at |least one third dual damascene 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
Wth said at | east one Metal Insulator-Mtal capacitor, said at |east one
fourth opening being aligned with said at Ieast one second opening created
t hrough said f f dielectric; .and fi iﬂ @t | east one t hi

5pp

r.
and a0 at | ehet ERE TR oS ies e fo gt g Bron%r%%m
at | east gne tglrd and at | east on fourth copper dual danmascene pl ug
The net hodUst FREFATSAS AR 1TDri4 | Yilng S eRitrep §Fepe6FtpP%ﬁafrE%ﬁlon
of the surface of the deposited flrst Iayer of dielectric, using nethods of
Cheni cal RBEhAR %%?SPO‘I’WI%W?@OH%éi‘%PlZGjamaﬁC%{e &4di9¢i onal step being
applied after said step of filling said at |east one first and said at
| east one secofifedbiang daeberiie wpeiaig wilinsudepper-Me8sl Thpagethodoosr
claim 33, additionally applying a second step of planarization of the
surface otheheudépoei vedsazedohdrdtayleryeof o eliedferiteicussagdnet hbessofone
Chem cal Mechanical Polishing, said first additional step being applied
after sai Heshépsnofilétdbtimgtsni chiciteastbeadme tahiigtieandishi dasll 1east omne
fourth dual damascene opening with copper.
first dual damascene opening;
depositing a layer of etch stop material over the surface of
said first layer of dielectric, thereby including exposed
surfaces of said at least one Metal-Insulator-Metal capacitor;
depositing a second layer 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 layer of etch stop material, 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
filling said at least one third and sald at least one fourth

dual damascene opening with a metal, creating at least one third

and at least one fourth dual damascene plug.
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36. The nethod of claim 35, additionally depositing a |ayer of passivation
over the planarized surface of said second |ayer of dielectric. 37. The
_method of claim33, said creating at |east one Metal |nsul ator-Metal
capacitor over the surface of said first layer of dielectric aligned with
said at | east one first dual damascene interconnect plug conprising the
.steps of: depositing a first |ayer of capacitor electrode material over the
surface of said first |layer of dielectric; then depositing a |ayer of

capaci tor »di e trl teria t r.f f hd.first L r
cagac:torzg}etﬁgo %g%g?e§f;.;a#ﬁgﬁhzgﬁkﬁgéﬁ%%?%&nsgghgéégng F%g%? %?ép of

capaci tor el.ect[ode, pt efi gl ouel, the surface of, Sald Layer of canagi tor

dielectri € materrari a en patterning and etching by applylﬁ%ra one-step
etch said second |ayer of capacitor electrode material, said.|layer of .
capacitorda?i?EEf??t %%&%Qﬂ%ﬁﬁgﬁgs§§?&gFWP§PE|yfg aBFcéép§8?fﬁgyﬁgec??%%e
material. 38. The npethod of claim 33, said |ayer of etch stop materi al
conpri si n§1&FFi 28R hi P73 HeSt 0. Pepy fHdG b téedi #r3?, s&8Pdofi Fitlinger of
capacitor electrode material conprising tantalum 40. The method of claim
37, said &2LdyeF bfaghparstbrrdl dnttgald mdt &gt edspersPag dificon

nitride. 41. The nmethod of claim 37, said second | ayer of capacitor
damascene opening with a metal.

22. The method of claim 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 after said steps of filling
said at least one third and said at least one fourth dual

damascene opening with a metal.
23. The method of claim 22, additionally depositing a layer of
passivation over the planarized surface of said second layer of

dielectric.

24. The method of claim 20, said at least one first dual

damascene interconnect plug comprising copper.

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

damascene interconnect plugs comprising copper.
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el ectrode material conprising tantalum 42. A nmethod of form ng conductive
i nterconnect plugs and interconnect plugs to a Metal-Insul ator- Mt al
_capacitor by applying the dual danascene process, conprising the steps of:
28 provi ding a substrate, said substrate having been provided with

sem conductor 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 |east one first dual

danasce”ez@pe@hegméﬂﬁo@tofQ@ﬁ&u@ﬂﬁ)S%ﬁﬁﬂﬂaQU@ba@%”%§%96319898hQ9 through
said first layer of dielectric; filling said at | east one first and said at

| east Onedéﬁggggnguﬁhtg@@@é&Qﬁ?éﬂberkggg1léqnééce orCreating at |east one

first and at least one second c plug creating at | east
one Metal -1nsul ator-Metal capacitor over the surface of said first |ayer of
dielectric, said at |east one Metal-Insulator-Mtal capacitor being aligned

wth said,lLea one first_d scene o ening, said_creati | east
one thal2hnsghﬁt8?tﬂﬁ?a?fc%.%E?%%f ﬁ&agﬁeogFesguB?g gﬁ?fdep05|t|ng
a first layer of capacitor electrode naterlal over the surface of said
first | ayéllamSFCIP@I eBERTeOnReeh RIYYS FEPEEiSing £OPR$Er of capaci t or

dielectric material over the surface of said first |ayer of capacitor
el ectrode material; then

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:

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 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.

29. The method of claim 20, said layer of etch stop material

comprising silicon nitride.
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(ii1i1) depositing a second | ayer of capacitor electrode material over the
surface of said |ayer of capacitor dielectric material; and then 29 (iv)
.patterning and etching by applying a one-step etch said second | ayer of
capacitor electrode material, said |layer of capacitor dielectric material
and said first |layer of capacitor electrode material; depositing a | ayer of
-etch stop material over the surface of said first layer of dielectric,

t hereby i ncl udi ng exposed surfaces of said at |east one

Met al - I nsgbat ohe Met BhodapaciiLim deposiitd Hd ratseagrd bayespobidhel ectric
over the surface of said |ayer of etch stop material; patterning and

et chi ng sgi d-$86080nk aYLS a Of c S 8SHHJ Gar®z83ki.Ng at | east one third dual
damascene openi ng and at | east ‘one fourth dual danascene 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 Mt al

| nsul at or -, Met capacitor. said | east, one fourth opening being. aligned
W th saidBE? ?égs g%%%ds%%o%%xg%gﬁfnﬁﬁﬁ¥% gﬁyfﬁr8 gﬁ gﬁ?ﬁg?frgig}%ﬁ% i
dielectric; and iillin ,said at. ] east one third and said at | east one
fourth dulPtgand c%ﬂ%pgb%hWQKF%&%qPQuﬂﬁﬁﬁ{decreating at | east one third and
at | east one fourth copper dual damascene plug. 43. The nethod of claim42,
additionally applying a first step of planarization of the surface of the
deposited first |ayer of

32. The method of claim 28, said second layer of capacitor

electrode material comprising tantalum.

33. 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 opening with copper, creating at least one first

and at least one second copper dual damascene plug;
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di el ectric, using nethods of Chem cal Mechanical Pclishing, said 30 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 met hod of claim42, additionally applying a second step of

pl anari zation of the surface of the deposited second | ayer of dielectric,
-usi ng nmet hods of Chem cal Mechanical Polishing, said first additional step
being applied after said steps of filling said at |east one third and said

at |east one fepeihigyalr dadpsCeR QRANING WL H6OPREE a1 48apd b ARt AR, Of
claim44, additionally depositing a | ayer of passivation over the

pl anari zeghéugﬁgﬁgc@fo%ﬁ&eﬁm hayesr %}‘f disgheetrie, égidw@ eLdod, of

claim42, sai ayer of etch stop material conprising silicon nitride. 47.

The et hogegglga %ﬂéﬁgﬁﬁ%fngﬁ#%y&r b@in%i%?cfi har giegriode maierial,

conpri si ng tant clarm a [ayer of " capacitor

dieIectrig.naéeria% ﬁgqgrisinq)siLicqn nitride. 31 49. The net hod of
clai m 42, T35PH F83ondP T Ay OfORHpdd t or el ectrode material conpri sing

tantalum 50. A nmethod of form ng conduyctive interconnect plugs and
deposytgng a layerg%f etéﬂ stop matergal overpthg surface of

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

depositing a second layer 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 layer of etch stop material, 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
salid 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.

34. The method of claim 33, additionally applying a first step of
planarization of the surface of the deposited first layer of

dielectric, using methods of Chemical Mechanical Polishing, said
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i nterconnect plugs to a Metal -1nsul ator-Metal capacitor by applying the
dual damascene process, conprising the steps of: providing a substrate,
sai d substrate having been provided with sem conductor devices in or over
the surface thereof; depositing a first |layer of dielectric over the
surface of said substrate; patterning and etching said first |ayer of
-dielectric, creating at |east one first dual damascene opening and at | east
one second dual damascene opening through said first |ayer of dielectric;

filling saidsat Lgasi e £id g;? a0t S A 1925t aneqseeadogual, dapscene

openi ng wi th copper, creatin east one first an I"'east  one second

copper dugl gag?sggggtp$yg fcggglén J ast, on N@tal-lnsglgtoi Met al
capaci tor over “the Surface of $ai |r§t Iayer 5t di'el 86ErIE, “Saird at | east

one Metal - I nsul at or-Me %P citor being aligned with said | east one first
dual danagégﬁECSBgn?ﬁﬁnl%%l o AtHY 'at | east one Metal |nsul at or - Met al

capacitor conprising the steps of: (i) depositing a first layer tantal um
over the surface of said first layer of dielectric; then 32 (1)
depositing a first layer of silicon nitride over the surface of said first
| ayer of capaéftoRekledt phdel #Ht etial2ddidwrElilly) c@ppydingi AgsacseeonteP ayer
of tantalum over the surface of said |ayer of capacitor dielectric
mat eri al ; cdndlehenitpviopadf et mp it etadhithg Wepesplteidngeacndelsyep ef ch
sai d
dielectric, using methods of Chemical Mechanical Polishing, said
first additional step 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
dielectric aligned with said 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
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second |l ayer 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 including exposed
surfaces of said at |east one Metal -Insul ator-Metal capacitor; depositing a
second | ayer of dielectric over the surface of said |ayer of etch stop
-material; patterning and etching said second | ayer of dielectr-c, creating
at | east one third dual damascene opening and at | east one fourth dual

damascene openyagotht pgha saldhsecont | ayercpf dicglheeteier80d 3atdysgeond
| ayer of silicon nitride, said at |east one third opening being aligned

Wi th Saido@%rlggépsgpf g@tgk'éQﬁﬁlﬁéﬁg'N%¥%b %%H%%&tgﬁelggkgiétm£§3§ia9ne
fourth opening being a?lgned Wth sa d at | east one secon Opéni ng created
through said first layer of dielectric; and filling said at |east one third
and sai d &'l éast one fourth dual damascene opening wi th copper, creating

at | east one thi and at | east one fourth copper dual damascene plug. 33
51 The ot hBACbP TR A0 5SS T JRAI TP SOy g 2 P LFE: CLeapoBtd
pl anari zation of the surface of the deposited first |ayer of dielectric,

usi ng et KEASTEf Leneri ehl CARFR AL Pdtitn Amgteddind /f Prdf AdYWPEi Bhal step

being applied after said step of filling said at | east one first and said
at | east 6AR2SdEBRJIHgHEctric 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.

40. The method of claim 37, said a layer of capacitor dielectric

material comprising silicon nitride.

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:

28



damascene opening with a copper. 52. The nethod of claim51, additionally
applying a second step of planarization of the surface of the deposited
.second | ayer of dielectric, using nmethods of Chem cal Mechanical Poli shing,
said first additional step being applied after said steps of filling said
at least one third and said at |east one fourth dual damascene opening with
-copper. 53. The nethod of claimb52, additionally depositing a | ayer of

passi vation over the planarized surface of said second | ayer of dielectric

39 . AYY9. A @6A§}£@r@f¥%—dAsubstrate said substrate having been provi
%Ay%ASQ Ay%ASL AQ.. AuyL. Ay. Ay9. ASL. ASL. Af 9. Ay%Af%Af% A A Ay. Af9 ASL AS

L. Af % AH 0 V2% . %R S< K

cal] ca] ca cgf%a ca c(?k: ﬁ;é%ﬁ%a¥éa ca]cgf%g]échg% ?gg]ca%géfggfggfggfgg
< Ra @

]Y((:@ﬁj] E} X]S?l?d Z??%a? caﬂ%] caﬁ aélaejrcé)]fcg]lca ca 65] ggfcaf%%] SHTE%T ca(i caj ca

]ca]ca]caLca&ca&gg% ggca]ca]ca]ca]ca]cal

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 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:

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

(1i) 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 the surface of sald layer of capacitor dielectric

material; and then
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48. The method of claim 42, said a layer of capacitor dielectric

material comprising silicon nitride.
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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.
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51. The method of claim 51, 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 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 least 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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