2 5 MAY 2005 A LETHOD TO ELI M NATE TOP METAL CORNER SHAPI NG DURI NG BOTTOM
- METAL PATTERNI NG FOR M M CAPACI TORS BACKGROUND OF THE | NVENTI ON 2(51)4AI¥IMD
OF THE | NVENTI ON The present invention relates to a nmethod of fabricating
a netal -insulator-nmetal capacitor, and nore particularly, ,to a nethod of
f or Mg .@Eraed alo iTSIMIAOE MePaMET8APECRYBR SHARDYE DHERIAIG EOTTOM erosion in
the fabrication of an integrated circuit device. éé% DESCRI PTI ON OF THE
PRI OR ART Capaci t or&ETdt SRR CnEPRI M NstPBRoITPRtal (MM capacitors

in RF m xed signal applications is increasingly critical owng to
stringent requirenents. Neverthel ess, process-instigated issues present
maj or — obstacl es to ef fighenioRAPasi Lok Myelivigy e major
process-instigated issue 1S varyling capacitor characteristics owing -to
different extents of top netal erosion during bottom netal electrode
patterning. Because of relatively poor etch selectivity between .

phot orgsi strapdoperak, IevENDBEIMUSe of thinner resist thickness lining the
top netal electrode, especially along the sidewalls and top edges, the
corners of the top Wbeabresent rakeniidn Felag@ceds fel9tBPenel. This

fabricating a metal-insulator-metal capacitor, and more

particularly, to a method of forming a metal-insulator-metal
capacitor without metal corner erosion in the fabrication of

an integrated circuit device.

(2) DESCRIPTICN OF THE PRIOR ART

Capacitors métching fbrImetal-iﬁsuiator—metal
(MIM) capacitors in RF mixed signal applications is
increasingly critical owing to stringent requirements.
Nevertheless, process-instigated issues present major
cbstacles to efficient capacitor matching. One major
process-instigated issue is vérying capacitor characteristics
owing“to different extents of top metal erosion during bottom
metal electrode patterning. Because of relatively poor etch
selectivity between photoresist and metal, and because of
thinner resist thickness lining the top metal electrode,
especially along the sidewalls and top edges, the corners of

the top metal electrode will be aggressively etched. This




1 25MAY2005 results in jagged edges at the top netal or corner rounding of
the top netal electrode. The degree of etching or rounding differs2§ary 2005
capacitor to capacitor and is wuncontrollable. This makes capacitor

matching for MMin mxed signal applications difficult. It is desired to
find areswetlitsd inojebmiinadees opt metal tarorRea 1S BapkBgndr i sithdold om -net al
patterning of MM capacitors. U S. Patent 6,083,785 to Segawa et al shows a
M M caﬁ&b%@@rtBPo€8§§liﬂlﬂﬁFE%d%idéWE?Fkﬁﬁﬁ@ep§ gkehinaned on a top

pol ysi | i .el ect.r.ade oyer a resistor after patterning  of the polysilicon
st ruct urroglgﬁlﬂgsgllgg?gﬁt gr%Tgﬁ%?i%ﬂt?% W, C3RE3EPr268%t &S Huang et al, and

5,812, al Lo M capaci tor processes. SUMVARY OF
THE IN@%ﬁ%&%ﬁgggggﬁgfngﬁg?ga?X?%éa8%5$4é£%f'gﬁ%&c%n8f£?ﬁe ' ention to

provi deniafecefdiegtalvapandcy el yngeavf achurabl 6« RLOGEsSS - Lor e Hroducing a
met al -i nsul ator-netal capacitor. Another object of the present Tnvention is

to provtied tetiddihetef abpi satahgcarm®t ahapisdl atoingebettoeapaci t or

wherein top nmetal corner shaping during patterning is elimnated.
metal patterning of MIM capacitors. .

U.5. Patent 6,083,785 to Segawa et al shows a
MIM capacitor process in which sidewall spacers are formed on
2 top polysilicon electrode over a resistor after patterning
of the polysilicon structures. ©.S. Patents 5,998,264 to Wu,
6,037,206 to Huang et al, and 5,812,364 to Oku et al show

various MIM capacitor processes.
SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the
invention to provide an effective and very manufacturable

procéss for produéing a metal-insulator-metal capacitor.

Another object of the present invention is to
provide a method for fabricating a metal-insulator-metal
capacitor wherein top metal corner shaping during patterning

is eliminated.




' Y 2005 Yet another object of the present invention is to provide a
ﬁeﬁhgdw$br fabricating a metal -insulator-nmetal capacitor mherelnftgsd@§éﬁ*5
corner shaping during patterning is elimnated by the presence o el
” spacers on the top netal electrode. In accordance with the objects o
i nvention, a method fo¥et ATy mpjeatebdl thesprakent Tehdbnt C@Rack t or

. . . ] : ver qss
ein.top_netal corner shaping during patterning is elimnate
ggﬁ{eveag ﬁ°?ﬁ§%|%tT%§h?§y%53i AGFETGEE 6veeltpilngnauienbeondust or

' ' ' ' ' | ating | ayer. A
bstra - S yer. i-s deposited over the insu C
igpgcitgﬁpagﬁgFgc%?ggé?%ygéﬁﬁé??ﬁﬁuﬁﬂ HEnGUERBIf PREEeRRIRG | ayer.

i ' ' v i t capaci t or die!ectric Iayer
A e A e e e i e S S R T e

i tederllgchgodéhe capacitor dielectric and the top netal electrode
gﬁgosgasgo?ropizale etched away to | eave spacers on sidewalls of the top
nmetal electrode. A photoresist mask is formed overlying the_capamtort
dielectric and the top netal electrode wherein the spacers provide extra
phot oresi st thi cknesslntacterGmndmnatith afhe odikepsmetaknlgyer. The

- invention, a method for fabricating a metal-insulator-metal
capacitor wherein top metal corner shaping during pattermning
is eliminated is achieved. An -insulating layer is |
provided overlying a semicohductor substrate. A first metal
layer is deposited over the insulating layer. A capacitor
dielectric layer is deposited overlying thg first metal
layer. A second metal layer is deposited overlying the
Capacitor dielectric layer and batterned to form-a top metal
electrode. A flowable material layer is deposited'overlying

the capacitor dielectric and the top metal electrode and

anisotropically.etched away to leave spacers on sidewalls of
the top metal electrode. A photoresist mask is formed
overIvying the capécitor dielectric and the top metal
electrode wherein the spacers provide extra photoresist

'thickness at the sidewalls of the top metal layer. The

capacitor dielectric layer and the first.hetal layer

are patterned wherein the patterned first metal layer forms a

beottom metal electrode and wherein the Spacers protect the



capacitor dielectric. layer and the first metal |ayer are patterned wherein
the patterned first netal layer forns a bottom netal el ectrode aqg &F r el
~the spacers protect the 3 2 Ay 2005 top netal 1ayer from etching E Jéiﬁﬁ§
the capacitor dielectric and bottom netal el ectrode patterning. The

phot or estist meresk 1sydenmned o teoRle bR a%i%c%%%@b@é a .
net al -i nsul ator-netal capacitor. BRI EF SCRI'P THE DRAW NGS I n the

f ol | owi Ae He @l g sarfbrmtripna metadr iedlectpage phrtbisidescription, there is
shown: Figs. 1 through 8 are schematic cross- sectional representations of
a pref PPRECEHRBHIF MeFtk ofs (RMovRdes sempilevénti 6abr DESCRbPTHON: OF THE

PREFE BAD S Referring now nore particularly to Fig. 1, there is
shommFEE%ggﬁf%§%€§%ﬂéﬁﬂQﬁ i i &d circuit device. The sem conduct or

substrate 10 is preferably conprised of silicon having a (100)
crystall ographic orientation. Sem conductor device structures are forned

in and on the sem congiedPrm . oFn [ ude gate el ectrodes
syt OFN9RE BRYHRES

and i nterconnection |ines and associ at ed sourc

In the following drawings forming a material

part of this description, there is shown:

Figs. 1 through 8 are schematic cross-
sectional representations of a preferred embodiment of the

present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 1,
there is shown a partially completedrintegrated circuit
device. The semiconductor suﬁstrate 10 is preferably
compésed of silicon having a (100) crystallographic
orientation. Semiconductor device structures are formed in
and on the semiconductor substrate. These may include gate

- electrodes and interconnection lines and associated source
and drain regions. The semiconductor device structures, not

shown, may be formed in layer 14 and covered with an



- ‘aln regions. The sem conductor device structures, not shown, may be

?g?nggain Iager 14 and covered with an 4 25MAY2005 |nsulat|ng Iayey5;ﬁnrmn5
Connections are nade to the underlying sem conductor device.structures.

" For exanple, vias or contacts may be formed through the insul ating | ayer

16 to c¢oatastingvisesrwdhin |ayer 14, not shown. Now, the M M capacitor

of the present invention is to be forned A barrier nmetal layer 24 is

deposited over the insulating layer 16. This barrier netal |ayer may

conprise silicon nitride, tantalum tantalum nitride, tantal um and

tantalun1n|tr|de and %?P%ﬁFt%ﬁﬂF'ﬁﬁ#@lkﬂdqIﬂQ:Kmesgndbrbgtmeen about 300 and

| ayer,
600 An a. netal IS forned over the barrier netal .
such ag ggéﬁﬁﬁ?ﬁéfn%e%&c%liﬁﬁQ%) Eﬁ%ru; FomhexpEpade | 3y8F 26 nmay conpri se,

for exa u u er t ungst en, aIons and so
on. Fbangﬁagg%eghgoggs #@%ﬂ%@%&ﬁp 'th I§6H§?ﬂ%¥% av¢helfefdl |ayer 26

| | ayer
has a tkbakressdetichet weeniq e@QQQ QQﬂiQQg, QAngstronms. The neta
26 will-formthe botton1p|%te ectrode e Capacitor. Referr!ng now t o

Fi.g. 2, a capacitor
Now, the MIM capacitor of the present

invention is to be fo?med. A barrier metal layer 24 is

Adeposited over the insulating layer 16. This barrier metal
layer may comprise silicon nitride, tantalum, tantalun
nitride, tantalum and tantalum nitride, and so on, and have a
thickness of between about 300 and 600 Angstroms. Now, a
metal layer is formed over the barrier metal layer, such as
by sputtering or electroplatlng. The metal layer 26 may
comprise, for example, aluminum,raluminum-copper, copper,
tungsten, alloys, and so on. Heavily doped polysilicon any
also be considered. The metal layer 26 has a thickness of

between about 3000 and 5000 Angstroms. The metal layer 26

will form the bottom plate electrode of the capacitor.

Referring now to Fig. 2, a capacitor
dielectric layer 28 is deposited over the metal layér 26 to a
thickness of between about 100 and 300 Angstroms. The

capacitor dielectric layer may comprise silicon dioxide,




~dielectric layer 28 is deposited over the netal |layer 26 to a thickness of
‘between -about 100 and 300 Angstroms. The capacitor dielectric layer may
‘conprise silicon dioxide, 52 5 MAY 2005 TEGCS oxide, silicon nitri2i§, MANEDS
"nitrided oxides, high dielectric constant dielectrics such as tantal um

oxi de, PEGS Soidd), Alsecenhinetale,! awe! 30cksadepgsiisd %]?%_‘the capaci t or
dielectric 28 to a thickness of between about 3000 and Angst r ons. :

This nedd¢lecyerc dustmmt dimlricteickobuckXxagptental Wi diiBe, and

al um num copper, copper, tungsten, alloys, and so on. Referring now to
Fig. 3,S‘Ph‘é‘Etop metal layer 30 is patterned to formthe top netal _
el ectrode. Next, the <capacitor dielectric and the bottomnetal .| ayer wll
be patterned to conplete the M M capacitor. The bottom netal el ectrode

rimarily is patterned,to forminterconnection patterns. Hence, patterning
Itohe bott)c/)m rreltoal el ecgp? oé)ec %é{sr;mer)cé’l I g\ﬁef"o rdPedPPRBHbRT i AV ¢t onnect i on

desi gn aagatavertdie IdCCU NAY S .%.%%gckﬂesgﬁ%glbg eCtrqﬁgﬁmggggﬁfo attain

2 .
protected from etching or rounding rng pa aT i
consi st enl BAPACARGEtAREELNI Nhis metal layer also may comprise, for

example, aluminum, aluminum-copper, copper, tungsten, alloys,

and so on.

Referring now to Fig. 3, the top metal layer
30 is patterned to form the top metal electrode. Next, the
capacitor dieleétric and the bottom metal layer will be.
patterned to complete the MIM capacitor. The bottom metal
-electrode primarily is patternéd to form interconnection
patterns. Hence, patterning theEbottom metal electrode last
allows for more freedom in interconnection design and layout.
The corners of the top metal electrode must be protected from

etching or rounding during this patterning so as to attain

consistent capacitor matching.

In a key feature of the preasent invention, a
spin-on flowable material 32 is deposited over the capacitor
dielectric and top metal electrode, as shown in Fig. 4. This

material 32 may be any one of all kinds of oxides, nitrides,




~In a key feature of the present invention, a spin-on Plowable material 32
i's deposited over the capacitor dielectric and top netal electrode@ §agay 2005
~shown in Fig. 4. This material 32 nay be any one of all kinds of oxides,
nitrides, 6 - -------------- 2 5 MAY 2005 polynerics, low dielectric

const anpotiyeteLts | Chow adid et ke .coha 7Bt efiicdl 32 TBY osited to a
t hi ckness of between about 800 and 1200 An&gtPgﬁé}ggheg$lgﬁgbf%k%ateriaI

32 is aRheorabprial |32 mdardetdaiotiadavitd 000d ckakest b¥i LY+l %Et al to
| eave spacers 34 on the sidewalls of the top netal el ectrode 30. The
- thi ckne8S°BF 8RR 3pAck?L0 Fnaspeams. on the thickness of the flowable
material 32. Preferably, the spacers will have a thickness of between
about 600 and 1000 Angstronms and at |east 500 Angstrons. Now, a

photoresist layer is ¢ egh over. the . wafer and exposed and devel oped to
form a phot or esi st nas§@£3§%&%é?%ﬁuﬂﬁF%ﬁ?%;gﬁa 65 PReSepAERESABYYi ncrease

the edgblanretsttihbekpness @éwdsgufé@liimet&;mgoalme%g&n rs,gince a gentle
[ f1 ow

sloping profile is presented to the g resist. ﬁelegﬁﬁcers provi de a
gent | e SbapersoBibent eneconderaEls fdOWHH top metal electrode 30.

The thickness of the spacers 34 depends on the thickness of

the flowable material 32. Preferably, the spacers will have

a thickness of between about 600 and 1000 Angstroms and at
least 500 Angstroms.

Now, a photoresist layer is coated over the
wafer and exposed and developed to form a photoresist mask

35, as shown in Fig. 6. . The spacers 34 increase the edge

resist thickness and shield the metal corners since a gentle
sloping profile is presented to the flowing resist. The

spacers provide a gentle slope for better conformal fiow of

the photoresist material.

The capacitor dielectric layer 28, bottom
metal layer 26, and barrier metal layer 24 are etched away
where they are not covered by the mask 35 to form a MIM, as -
shown in Fig. 7.

Because of the spacers 34, the resist mask

35 has extra thickness at the corner regions. BAlso, the




’ - - - - - |
- the photoresist material. The capacitor dielectric |ayer 28, bottom neta
[ ayelro 26, and barrier netal |ayer 24 are etched away where they a2 § Mot 2005
covered by the mask 35 to forma MM as shown in Fig. 7. Because of the
"spacers 34, the resist mask 35 has extra thickness at the corner regions.

Al so, theatesMWY 2Mbviddat®istidhdr QMg LkQRal gt el pg profection-to
t he net aIg corners.ﬁWth%ﬁt the key si devvaInI%dg)pacers o? tﬁegpresen?f.

i nvent i 6RFEEH - neVakhawor nette poRirdevad keer<eRSerVede Flflggx@g{@r, with the
sidewal I spacers of the present invention, the top netal corners are not

exposed *IVEEGPRngtPR BRER GRIner efinusineohaan dhelat bbeeretal. el ectrodes.

This | e%%s to_ i {__Qved MM capacitor matching capability. The‘ phot or esi st
mask 3571 é"eP’Sﬁﬁv‘gg By "¢ 31REYshi SRECH ST afk4dsl @rebenits invenhecessary to

enove i,d rs 34, An intermetal dielectric |ayer is
{ypi cal Ittsl%dg%gsﬁl\tég%hoégﬁq%ﬁ% TONPIeT AR aFeSUH oA noThRs POy be the same

et er | 2lecablbe<hbgerShl afRASE e BPTL AL IR R L L5 dI [ferent,

the smal | amount of spacer nmaterial 1's not a concern. Bstrates

t he conplmeredel Ni¥apapatdtor matching capability.

The photoresist mask 35 is removed by plasma
ashing, for example. It is not necessary to remove the
sidewall spacers 34. An intermetal dielectric layer is
typically deposited over the completed MIM capacitor. This
may be the same material as the sidewall spacers 34. Even if

the material is different, the small amount of-spacér

material is not a concern.

Fig. 8 illustrates the completed MIM capacitor
comprising top plate electrode 30, capacitor dielectric 28,

and bottom plate electrode 26.

Figs. 1 through 8 illustrate the method of a
.preferred embodiment of the present invention. It should be
understood that the MIM.capacitor of the present invention

may be formed at any level within the wafer.




- conprising top plate electrode 30, capacitor dielectric 28, and bottom

pl ate el-ectrode 26. Figs. 1 through 8 illustrate the nethod of a %ﬁw%d
enbodi nent of the present invention. It should be understood tha? | 3

- capacitor of the present invention nmay be fornmed at any level within the
wafer. 8 25 MAY 2005 The process of die i 1o & s.inthe - -
fabrication of a netal-insulator-netal capaci to}“f)%hg\?lg%glt\%veﬁl-t%%fi ned top
and bot t8RF&FBELPBARE - i Bt - teswlertmt-otutng ehapacaunei AGvOL thei1{op netal
el ectrog%.fi'rl'lhg gr ocesg of the resent invention overcones t%e I ssue of
~varying capacrt 6PP 2hRdrBRtErR s 13t IRAes evierduiy coreetroptarial &#om bei ng

exposed h y.durin ottomnetal etching. This inproves
capaci tgrgﬁﬁgt%%:lﬁi %g gﬁ%a%??i??lgﬁﬁi%]t?‘??%%epeci%lel Proceper binthen RF mi xed

signal apRkkeat ia¥en+YW,L! i j i on _has been particularly shown and
described with reference o %ﬁ%lh%érlg?rgeer ret Y Mo didfeRts cRBRESESTIt will be

under st cbdrbytthaseiski by esreddnt 18; afe t rjoys changes in form and
details may be nade without depair}tﬁ'? ng FIT rﬂ(;&;r%I tn}\%aslpi%r%f) gﬁ ngcope of the

i nvent i §Fposed qnd etched away during hottom metal etching. This

impgoves capacitor matching capability which is especially

important in RF mixed signal applications.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be

made without departing-from the spirit and scope of the

invention.




9 2 MAY 2Mb Wat is claimed is: 1. A nethod for fabricating a _ _
metal -i nsul ator-metal capacitor conprisi ng: providing an insulati ngéwrﬂm
overlying a- sem conductor substrate; depositing a first netal | ayer o\

sai d insul akhag ibayeaimd@postting a capacitor d: e: ectric | a?/e_r gvgg! )él ng
said first tal ; positing a second netal |ayer overlyin Al d .
capaci t or d?glgc?%?%géa§%$ éﬁhfﬁﬁi Bthihfeddla iesedpgormeenrl| ayer to form

o . : d
t al €s W ng a flowable nmaterial |ayer overlying sai
2afoggi {Tgr' dlcg*jggti{rilgg gcﬁ sal icfgcl!l'op netal electrode; anisotropically etching

way said flowabpeowadend ahn | ayarl 4@ deavs Saidthowahl ¢ material layer
g’nl § as spacersbon Si de%val | s of said 9'tao\pég{rrpt al el 8 Boge; . for‘m ng a
phot or esi st SAB3kopIertyT neulssitchicapaci tor diel ectric and said top metal
el ectrode wherein said spacers provide extra phot oresi st t hi ckpess at said
Si dewal | s of saiﬂeﬁaﬁlﬁﬁ?%1a|%ygﬁg metal layer over said insulating

layer;

depositing a capacitor dielectric layer overlying
said first metal layer;

depositing a second metal layer overlying said
capacitor dielectric layer and patterning said second
metal layer to form a top metal electrode;

depositing a flowabie material layer overlying said
capacitor dielectric and said top metal electrode;

anisotropically etching away said flowable material
layer to leave said flowabie material layer only as
spacers on sidewalls of saig top metal electrode;

forming a photoresist mask overlying said capacitor
dielectric and said top metal electrode wherein said
spacers provide extra phgtoresist thickness at said
Sidewalls,of-said top metal layer;

patterning said capacitor dielectric layer and said
first metal layer using said photoresist mask wherein
patterned said first metal layer forms a bottom metal
electrode and wherein said Spacers protect said top

metal layer from etching during

10




patterning said capacitor dielectric layer and said first netal |ayer
usi ng said photoresist mask wherein patterned said first netal |ayer fQVﬁﬁs
a bottomnetal electrode and wherein said spacers protect said to a

| ayer frometching during 10 25MAY20 said patterning; and renoving said
photoresi st mask to conplete fabrication of said netal-insul ator-netal
capacitor. 2. The method according to Caim1 wherein said sem conductor
substrate includes gate el ectrodes and source and drain regions of

sem conductor device structures. 3. The nethod according to Caiml
wherein said sem conductor substrate includes gate el ectrodes and source
and drain regions and nultiple levels of netal interconnections of

sem conductor device structures. 4. The nethod according to Claim2 further
conpri sigigd frerdangiegnt aatls bet ween some of said senmiconductor device
structures and said first netal |ayer to forma node contact of said
netal-lnsuIaFEW“WEP§ISééBaEPPBPreSSSt1W%§Wnﬁ9ﬂC9ﬂﬂﬁﬂﬁﬁ ng to daim1l wherein

sai d fabrication of said metal-insulator-metal capacitor.

2. The method according to Claim 1 wherein said
semiconductor substrate includes gate electrodes and
source and drain regions of semicconductor device

structures.

3. The method accerding to Claim 1 wherein said
semiconductor substrate includes gate electrodes and
source and drain regions and multiple levels of metal

interconnections of semiconductor device structures.

4. The method according to Claim 2 further comprising
forming contacts between some of sald semiconductor
device structures and said first metal layer to form a

node contact of said metal-insulator-metal capacitor.
5. The metal according to Claim 1 wherein said
first metal layer comprises one of the group containing

‘aluminum, aluminum-copper, copper, tungsten, and alloys.

6. The method according to Claim 1 further comprising

depositing a barrier metal layer underlying said first

I



first netal |ayer conprises one of the group containing alum num

al um num copper, copper, tungsten, and alloys: 6. The nethod acc gi ng to_
Claim1 further conprising depositing a barrier-netal |ayer under i“\%
said first 11 2 5 MAY 2005 netal |layer wherein said barrier netal layer
has a thi ckiesslolaber wlaer et uta 3D barth OIS LQEE. Had. o The met hod”
according to Claim1l wherein said. capacitor dielectric conprises one of
the group CEBAFAPAPAGOT shetwern Mhoutlel0q antdalann Anastabum nitride, and
tantalumtantalumnitride. 8 The nethod according to Claim1l wherein said
second netal |ayer conprises gne of the group containing alum num

‘al um num coppe C -fungsten, and alloys. 9. The nmethod according to
Claim1 vvherge'i Ehgaﬁgegégvﬁ%‘ﬁ‘g’:&%‘? erg dft e edie sgidi-he group

contai ni ng expbdestorNhiei 86y POLY; ' nd | di el ectric constant
di el ectrics. 10. The net hod Jf';t%:corcilgngisf%" (B%aei rﬁg\%\ﬁ‘?elggf’ﬁpsai d spacers have

a thi cknesscohtbébiegn abbutohOdienikid 0fanANGSt Wrtalun nitride,

and tantalum/tantalum nitride.

8. The method according to Claim 1 wherein said second
metal layer comprises one of the group containing

aluminum, aluminum-copper, copper, tungsten, and alloys.

9. The method according to Claim 1 wherein said. flowable
‘material comprises one of the group containing oxides,

nitrides, polymerics, and low dielectric constant

dielectrics.

10. The method according to Claim 1 wherein said spacers

have a thickness of between about 600 and 1000
“Ahgstroms.

11. A method for fabricating a metal-insulator-metal

capacitor comprising:

providing an insulating layer overlying a

semiconductor substrate;

12



11. A method for fabricating a netal-insulator-netal capacitor conprising:
provi di-ng an insulating | aygr overlying a sem conductor substrate;2 53“3{ R0
MAY 2005, depositing a first nmetal layer over said insulating layer; . .
depositing a capacitor dielectric layer overlying said first net a!_ I ayer ;
depositing a sedepdsittiag hayersovestyl Nt bveaaRaGId qglsqhgltgﬁ%rl C I ayer
and patterning said second netal layer to forma top metal electrode;

deposi ti ng }@¥™rewabl e material |ayer overlying said capacitor dielectric
and said top metal electrode; anisotropically etching away sai d fl owabl e
material |ayer 5PCEIFéTgardCAPRGABPE dbelettiiid dymrenniverdyingpacers on

sidewal | s said _top tal el ectrode wherein said spacers have a .
t hi ckness %algf fﬁé:asgt "‘g’%ﬁﬁAﬁagFF()m; form ng a photoresi st mask overlying

sai d capacitor HRaelingC 228dc8ah0nl PR MELAL, el ssiy.ade wherein said
spacerspprovi de e>§t%lra phlgtcoresi st thi cgness}a%t sai alylﬁ%ev\&dl s of said top
met al ‘| ayergapacitor dielectric layer and patterning said second

metal layer to form a top metal electrode;

depositing a flowable material layer overlﬁing said
capacitor dielectric and said top metal electrode;

anisotropically etching away said flowable material
layer to leave said flowable material layer only as
spacers on sidewalls of said top metal electrode wherein
said spacers have a thickness of at lgast 500 Angstroms;

forming a phdtoresist maskIOVerlying said capacitor
dielectric and said top me£a1 electrode wherein said
spacers provide extra photoresist thickness at said
sidewalls of said top metal layer;r

patterning said capacitor dielectric layer and said
first metal layer using éaid photoresist mask wherein
‘patterned said first metal layer forms a bottom metal
‘electrode and wherein said spacers protect said top
metal layer from etching during said patterning; and

removing said phoﬁoresist mask to complete

fabrication of said metal-insulator-metal capacitor.

13



patterning said capacitor dielectric layer and said first netal |ayer

usi ng said photoresist mask wherein "patterned said first netal Igysr o6
forms a bottomnetal electrode and wherein said spacers protect sdf “%& -
netal |ayer frometching during said patterning; and renoving said )

phot oresi st mask to conplete fabrication of said netal-insul ator-netal
capacitor. 13 2 5 MAY 2005 12. The nmethod according to Caim11l wherein
sai d sem conductor substrate includes gate el ectrodes and source and drain
regi ons of sem conductor device structures. 13. The nethod according to
Claim 11 wherein said sem conductor substrate includes gate el ectrodes and
source and drain regions and nultiple levels of netal interconnections of
sem conduct or device structures. 14. The nethod according to Caim 12
further conprising formng contacts between sonme of said sem conductor
device structures and said first netal layer to forma node contact of

sai d metld-- i AdG aeshrofetarosdpadi torClaimg, 1 Théeraiodadeccording to daim 11

wher ei n sai:d fidhst o MelAktLaYe" s GOTRALSES ON6: Ofc LS QuRy contai ning

source and drain regions of semiconductor device

structures.

13. The method according to Claim 11 wherein said
semiconductor substrate includes gate electrodes and
source and drain regions and multiple levels of metal

interconnections of semiconductor device structures.

i4. The method according tc Claim 12 further comprising
forming contacts between some of said semiconductor
device structures and said first metal layer to form a

node contact of said metal-insulator-metal capacitor.

12. The method according to Claim 11 wherein said first
metal layer comprises one cof the group containing

~aluminum, aluminum-copper, copper, tungsten, and alloys.

i6. The method according to Claim 11 further comprising
deﬁositing a barrier metal layer underlying said first
metal layer wherein said barrier metal laver has a

thickness of between about 300 and 600 Angstroms.
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al um num al um num copper, copper, tungsten, and alloys. 16. The nethod

according to Claim1l1l further conprising depositing a barrier n&%&l Ia%er
underlying said first metal layer wherein said barrier metal | ayew MaX

- thickness of between about 300 and 600 Angstrons. 14 Z5YAY280e 17. 'The

net hod ‘accondi Nghé onétwbdN el MBLRI R S@hd ;6aRac|Lor. . dielectric conmprises
one of the group containing silfgg%on?F%ﬁ e?atghgthﬁ]s?bﬁtalun1nitride,

and t ant al usAbani bbund i Tedidec ha;mpm%e@ebmdo%%ﬁéd&?@u%o Caimill wherein
said second netal |ayer conprises one of the group Containing alum num

al umi num cofBBF1RoRpPeril icomstiemidand talntayan, £AntINenBEpedsgccording to
Caim1ll wherein said flowable material conprises one of the group

cont ai ni ng aﬁgiB@gFa+NT4¥Qﬁﬁﬁlqﬁﬂqﬁﬁ§ﬁd@s, and low dielectric constant

di el ectrics. 20. The nethod according to Caim1ll wherein said spacers
have a thickness of between about 600 and 1000 Angstrons. 21. A nethod for

fabricati ngi_La.m?Iaal mb PR %&{df@i&ﬁg{ £C QG L Q7 GRIBLL 3! Qg:.d secend
metal layer comprises one of the group containing

aluminum,‘aluminum-copper, copper, tungsten, and alloys.

19. The method according to Claim 11 wherein said
flowable material comprises one of the group containing

‘oxides, nitrides, polymerics, and low dielectric

constant dielectrics.

20. The method according to Claim 11 wherein said

Spacers have a thickness of between about 600 and 1000

Angstroms.

21. A method for fabricating a metal-insulator-metal

-Capacitor coﬁprising:

providing an insulating layer overlying a

semilconductor substrate;

depositing a barrier metal layer over said

insulating layer:

depositing a first metal layer over said barrier

15



viding an insulating layer overlying a sem conductor substrate;
. 8égositigg a barrier ngtalylayer over said insulating Iayer;_depggihh?%g%
first netal |ayer over said barrier 15 WAY 2005 netal Iayer, de S M a
capaci tor dielectric layer overlying said first netal |ayer; depositing a
second net ahetayelapyerlying said capacitor dielectric layer and_
patterning said second netal layer to forma top netal el ectrode;

iting a floaapbeitRierd adagdAYaloOVEldWAG3ahd, capagitor dielectric
gﬁgozai d ?op- net al lbdél ect rggde; ELani sot r\(% c)eﬁéliy et C%P(ﬁg gw%yiga}i“ﬂ Pl owabl e
mat eri al | agetdt dirshveesal d&tewbl e material layer only as spacers on
~sidewal | s of said top netal electrode wherein .said spacers have a .
thi ckness of at feBIti5HEI Agsrewrd ndtrnileyer phetayeaskamask overlying
sai d capaci tor dLeIe&tr%c and said top metal electrode wherein said
spacers providecextT a” photoress st2¥e Rk fatdiersdng ssiidewatbsdof said top

metal | ayerpetal layer to form a top metal elactrode;

depositing a flowable material layer overlving =said
capacitor dielectric and said top metal electrode;

anisotropically etching away said flowable material
layer to leave said flowable material layer only as
spacers on sidewalls of said top metal electrode wherein
said spacers have a thickness of at least 500 Angstroms;

formiﬁg a photoresist mask overlying said capacitor
dielectric_and said top metal electrode wherein said
Spacers provide extra photﬁresist thickness at said
sidewalls of said top metal layer;

patterning said capacitor dielectric layer and said
first metal layer using said photoresist mask wherein
pPatterned said first metél layer forms a bottom metal
électrode and wherein said spacers protect said top
metal layer from etching during said patterning; and

removing said photoresist mask to complete

fabrication of said metal-insulator-metal capacitor.
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patterning said capacitor dielectric layer and said first nmetal |ayer

usi ng sai d photoresi st mask wherein patterned said first netal Iaa/sr.’épﬁ?
a bottomnetal electrode and wherein said spacers protect said top et

| ayer frometching during said patterning; and renoving said photoresi st
mask to conplete fabrication of said netal-insulator-netal capacitor. 16
2 5 MAY 2005 22. The nethod according to Caim2l1 wherein said

sem conductor substrate includes gate el ectrodes and source and drain

regi ons of sem conductor device structures. 23. The nethod according to
Claim 21 wherein said first netal |ayer conprises one of the group
containing alum num alum num copper, copper, tungsten, and alloys. 24.
The nethod according to Caim?21 wherein said capacitor dielectric
conprises one of the group containing silicon nitride, tantalum tantalum
nitride, and tantalumtantalumnitride. 25. The nethod according to Caim
21 wher éi4r sditg msedbedd apepatingyep ebapri sbsvwivieeigt 23Hel group cont ai ni ng

_a| um nung e, A WP UUPGORRES £ rGPRPER -1 hYRISE S0 AN Al QS ang

source and drain regions of semiconductor device

structures.

23. The method according to Claim 21 wherein said First
metal layer comprises one of the group containing

aluminum, aluminum-copper, copper, tungsten, and alloys.

24, The method according to Claim 21 wherein said
capacitor dielectric comprises one of the group
containing silicon nitride, tantalum, tantalum nitride,

and tantalum/tantalum nitride.

25. The method according to Claim 21 wherein said
second metal layer comprises one of the group containing

aluminum, aluminum-copper, copper, tungsten, and alloys.

'26. The method according to Claim 21 wherein said
fiowable material comprises one of the group containing
- oxldes, nitrides, polymeriés, and low dielectric

constant dielectrics.

27. The methed accerding to Claim 21 wherein said

spacers have a thickness of between about 600 and 1000

17




. 26. The-nethod according to Caim?21 wherein said flowable material '
" conprises one of the group containing.  oxides, nitrides, polyneri CP 5N

| ow dielectric constant dielectrics. 27. The nmethod according to Claim
wherein said spacers have a thickness of between about 600 and 1000 17 25
MAY 2005 Algsttommss. 18 -
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