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CCRNER. SHAPHRB-BBRI NG BOTTOM METAL PATTERNI NG FOR M M CAPACI PLASMVA
ASHt NG AND HARD MASKI NG TECHNI QUE BACKGROUND OF THE I NVENTION (1) FIELD
OF THE | NVENTI ON The present invention relates to a nmethod of fabricating

a netal -insul.al.qr- et | p | ,IJBﬁthod of
- fornming a“net ar n'gﬁ @H@m%" @%L”gbﬁbiﬂihgﬁ‘#ﬁ%aédﬁg&%%&erom on in
the fabrica o] THE

ATPERINE WM SehvplapilcirdRul oea $PASRESERAE S r
PRI OR ART ngggll't%r ﬁ? ng tor ITEtdf;lAl@AI nsuFat or-neta MM capacitors in
- RF m xed signal appli cat | ONS HARD IMNSKING MBCHENLQUEI cal OWI ng to stringent
requi rements. Neverthel ess, process-instigated issues present maj.or
obstacles to efficient capacitor natchlng ‘One mmj or process-instigated
i ssue is varying capacitor'dh ristic di fferent extents of
top nmetal erosion during bo’ﬁ%fﬁaR % I'%@t ggagggﬁ;a?erm ng.. The size of
the landing area for a contact array, especially around the nmetal corners

can differ between M M capacitors. Because of relatively poor
(1) FIELD OF THE INVENTION

The present invention relates to a method of
fabricating a metal-insulator-metal capacitor, aﬂd more
pérticularly, to a method of forming a metal-insulator-metal
capaéitor without metal corner erosion in the fabrication of

an integrated circuit device.

(2) DESCRIPTION OF THE PRIOR ART _

| Capacitor matching for metal-insulator-metal
(MIM) capacitors in RF mixed signal épplications is
1ncrea51ngly critical QW1ng to strlngent requirements.
Nevertheless, process- lnstlgated 1ssues present major
obstacles to efficient capacitor matching. One major

" process-instigated issue is varying capacitor'éharacteristics
owing to different extents of top metal erosion during bottom
metal electrode patterning.  The size of the landing area for
a contact array, especially around the metal corners can
differ between MIM capacitors. Because of reIatively poor

etch selectivity between photoresist and metal, and because



etch selectivity between photoresist and netal, and because 1 CS-00-161 of
t i nner. r €6r80-1él ckness lining the top netal electrode, especially along
the sidewalls and top edges, the corners of the top netal electrode will
be aggressively etched. This results in jagged edges at the top netal or

corner roundi of the. top.etal el ectrode,. T e f I.Ng Or ’

roundi ng 8%f %gggnﬁ o‘fﬁ%lasptagﬂlocr q‘teg'%cg%géggo}:h%%gs&tﬁaﬁlcgen e%%{&gl%l’\e. Thi s

makes capagi.L.Qk chy f M ' hgn l{yatd i ffe cul t.

It is desi%r%gcgietEL S%ngig&gg nﬁehol\édﬂ%ég&ellli@méﬁgt gbgoﬁéﬁ'glﬂgrdner srlhyag}cflng and

also to ahleaitBpbaetel €ladtfyarcedslcbet aghreSoipelgi digenéds.  MAafient

- Application Serial # 09/ (CS-00-126) to Cha et al, filed on 1ltw COL

t eaches amesmdtsniénhdagged etdgshate thep tept Betadr ovrceRGT MPUNSingor mi ng

spacers on the top netal_electrode. Tt}gﬁsgacers Pr ovi de a sl opi ng contour
[

for é hg pledt S8siteP BetrhatlepHRd S es RPRRENG: Bt TP T ners i s
[ . R A 8 6 . , "W, 5,466, 617
1 8 g 5 S S 30,28 4

to Shannon, , 258 to Lermios et al M capacitor
processes.unddiBY 166514 HE thMENEKAY capacitor matching for MIM in
mixed signal applications difficult. It is desired to find a

method to eliminate top metal corner shaping and also to

attain better etch process control.

Co-pending U.S.:Patent'AppliCation Serial #
09/12%, 097 (c5_00-126) to Cha et al, filed on h1Z0)00
teaches another method td eliminéte top metal corner shaping
by forming spacers on the top metal electrode. The-épacers
pfovide a sloping contour for the photoresist so that
photoresist thinning at the cornefs is avoided. U.S. Patents
5,812,364 to Oku et al, 5,098,264 to Wu, 5,466,617 to |
Shannon, and 5,162,258 to Lemnios et al show various MIM

capacitor processes. ' o
SUMMARY OF THE INVENTION

Accordingly, it is a primary object of the

invention to provide_an effective and very manufacturable



Accordingly, it is a primary object of the invention to provide an

ef fecti ve Gm®0rdfy} manufacturable 2 CS-00-161 process for producing a
met:al -i nsul ator-netal capacitor. Another object of the present invention is
to provide a method for fabricating a netal-insulator-netal capacitor

wh int t al ner .shapi ng duri.n atternin s elin nated. Yet
anot her obStese PR PEPaleRte | isha e aEs s Rt ke ap st fidkr f ot

fabricating a nmetal -insulator-netal capacitor wherein top netal corner
shaping during patterning is elimnated by patterning the top netal

el ectrode after patternhngthde dojdamoettile presbhedenvahithni s usged for
maki ng i nterconnection. A further object of the present inventionis to
provi de a BRAYHEE® Pomethedi Eex | fFrpwigattislg imoetaloinsulatoremgtal t or wherein
top netal corner shagi ng.du I n atterni n% s elimnnated by using plasm
ashi ng and 5 FEsRPRESTRCAMR iRl £L4Man shaPiRer JYB1 RSt PRFLLTRIG esent

i nvention is d13mMhatkde a nmethod for. fabricating a netal - insul ator-netal
capacitor wherein top netal corner shaping

Yet another objéct of the present invention is
to provide a method for fabricatin§ a metal-insulator-metal
capacitor wherein top metal corner shaping during patterning
is eliminated by patterning the top metal electfode after
patterning'the bottom-metal'electrode, which is used for

making interconnection.

. A further object éf the present invention is
to provide a method for fabricating a_metal-insﬁlator~metal
capacitor wherein top metal corner shaping during patterning

" is eliminated by using plasﬁa ashing-énd hard masking
techniques. |

-

A still further objeét of the present
invention is to'proﬁide a method for fabricating a metal-
insulator—metai capacitor wherein top metal corner shaping
during patterning is eliminated and wherein only one masking

step is required for patterning first the bottom métal



during patterning is elimnated and wherein only one masking step is
required dsrogeatederning f~rst the bottomnmetal 3 CS-00-161 electrode and
second, the top netal electrode. In accordance with the objects of .this
invention, a nethod for fabricating a netal-insulator-netal capacitor
wherein top netal corner shaping during patternin is elimnated is
achieved.eigFﬁ?ﬂﬂﬁa%ﬁdnﬁngyér FgepF%QiTﬁa 1 ®M&AYPRG-a seni conduct.or.
substrate. A conposite netal stack is formed conprising a first netal

| ayer overlying the insulating |ayer, a capacitor dielectric |ayer

overlying the first netal akayelande SREONGHEIGH dcebroaikyi ng the
capacitor dielectric layer, and a hard mask | ayer overlying the second

nmet al | aybfivedtion Sta pledthodefost fanskcasidoraretktadvdmispilagotrhmebald nmask
| ayer. The conposite nmetal stack is patterned using the first photoresist
mask as afRRReHIeK WhereinnerPepgtehecparerrshAP MY SUTHRGaPALARERIPSI N a
bottom electyode of the capacitar. portipon of the first hot.oresi st
mask i s renoVv Jéfmbrilaotpeléaslr?a a5s |er‘1'§_8t' 0 or fira sae%anrﬂj 13 ot ored Fg"?' _lgr%ﬁgk
narrover 5hap1§iieg fd FsdmiRldplaticesrSkubBEkatd e NasdhgPasikd axvenal staakt erned
usi ng the second photoresi st mnmask as an etching mask. The second net al
lay' e'r | $spidtmedietbmprising a first metal layer overlying the

insulating layer, a capacitor dielectric layer overlying the

first metal layer, a second metal layer overlying the

capacitor dielectric layer, and a hard mask layer overlying

. the second metal layer. A first photoresist mask is formed

overlying the hard mask layer. The composite metal stack is

patterned using the first photoresist mask as an etching mask

whereby the patterned first metal layer forms a bottom

electrode of the capacitor. A portion of the first

photoresist mask is removed by plasma ashing to form a second

photoresist mask narrower than the first photéresist mask.

The hard mask layer is patterned using the second photoresist

‘mask as an etéhing mask. The second metal layer is patterned

using the hard mask layer as an etching mask whereby the

second metal layer forms a top electrode of the capacitor to

complete fabrication of a metal-insulator-metal capacitor.



using the hard nmask | ayer as an etching mask whereby the second netal

| ayer forGsP-1163 el ectrode of the capacitor to conplete fabrication of a
nmet al -i nsul ator-nmetal capacitor. 4 CS-00-161 BRI EF DESCRI PTI ON OF THE
DRAWNGS In the following drawings formng a material part of this

description, there is sgﬁggr é%gék ngéﬁcggﬂ§%§ FRwswpeMati C Cross-

sectional representations o referred enbodi nent of the present

i nvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring now nore
particularly to Fig. 1, there is shown a partially .conpleted integrated
circuit device. The selincthdufodiosimgtdeawinkts iRonmiaberabbyeriabposed of
silicon having a (100) crystallographic orientation. Sem conductor device
st r uct ur eBagk eof o] dasCcTAREioR  t BReSR B oA or substrate. These may

include gate electrodes and interconnection lines and associated source
and drain regions. The sem conductor device structures, not shown, may be

formed in layer 14 and ggé&ﬁeq @5Egﬁaﬂ 6 04! i 1Y Yok~ Connections

are made to the underlyin _
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 comﬁleted integ;ated circuit
device. The semiconductor substrate 10 is preferably_
composed of silicon ha&ing a (100) crystallographic
orientation. Semiconductor device structures are formed in
and on the semiconductor substrate. These may include gate
electrodes and interconnection lines and aséociated source
and drain regions. The semiconductor device structures, not
'shbwn, may be formed in layer 14 and covered with an -

insulating layer 16.

Connections are made to the underlying

semiconductor device structures. For example, vias or

contacts may be formed through the insulating layef 16 to



seni conduct or device structures. For exanple, vias or contacts may be
formed t hegpugr1ehe i nsulating layer 16 to 5 CS-00-161 contact devices

wi t.hin layer 14, not shown. Now, the M M capacitor of the present

invention is to be forned. A barrier netal |ayer 24 is deposited over the
i nsul ating layer 16. This barrier netal may conprise silicon
nitride, $AMidFtAevEisrSariERin; taveR, T ﬁeﬁFH?&WP&Hd tantalumnitride, and so
on, and have a thickness of between about 300 and 600 Angstrons. For
.exanple, the barrier layer may conprise a first layer of titaniumnitride

and a second | ayer of tinbani dAe Ro¢hcadpy@itohadf Rthedpibiselsiess of 200 to
300 Angstrons. Now, a met al | ayer is forned over the barrier netal |ayer,
such as binveptidrerisngo éleeéprmpﬁat mgpalemeqmmzet‘qadn laykyskéalisvapor
deposition, MBE, or spin-on _netal The netal_la er 26 may conprise,
for exanplePositRf MVAT 5Pﬁn?ﬁ§ﬁ%€5b5% a¥epH qﬁiﬁg Hle£IWS 8l and so

on. The tal |laver 26 has a..thickness bet g0 ab 3500 and 4200
Angst ronsnfaiﬁle t aqmqufgr Siélﬁﬂll n?’g?‘?ﬁ??h V)f gf‘lect rode of the

capaci t or n; £y £APACE It a 1dine GG ﬁ:hﬁt&ﬂﬁrngﬁri&e,deé}fas'stoe%n, and have a
thickness of between aboﬁt 300 and 600 Angstroms. For
examp;e, the barrier layer may comprise a first layer of
titanium nitride and a second layer of titanium, each layer_
having a thickneés of 200 to 300 Angstroms. Now, a metal
layer is formed over the barrier metal layer, such as by_
sputtering, electroplating, evaporation, ppysical vapor
deposition) MBE, or spin-on metal (SOM). The metal layex 26

- may comprise, for exaﬁple, aiuminum, aluminum-copper, copper,
tungsten, alloys, and so on. The metal layer 26 has a
thickness of between about 3500 and 4200 Angstroms. The
metal layer 26 will form the bottom plate electrode of the

capacitor.

A capacitor dielectric layer 28 is deposited
over the metal layer 26 to a thickness of between about 100
and 200 Angstroms. The capacitor dielectric layer may
comprise silicon nitride, oxide, nitrided oxide, oxynitride,

ONO, or high dielectric constant materiéls such as Ta=0s and



over the netal layer 26 to a thickness of between about 100 and 200
Angstronfﬁs'ﬂﬂylﬁépaC|tor dielectric layer may conprise silicon nitride,
oxide, ‘nitrided oxide, oxynitride, ONO, or high dielectric constant
materials such as Ta=0Os and 6 CS-00-161 titanium oxide. A second netal

| ayer 30 [ gover the capacitor dielectric 28 to a thickness of -
bet ween a odgﬁqggéhﬂghd 2000 Angstronms. This netal |ayer also may .conpri se,
for exanple, alum num alum num copper, copper, tungsten, alloys, and so
on. A barrier netal layer 31 is deposited over the second netal |ayer 30.
This barrier netal |aye® segovdnpetsd laver cith is depdsitednowbantheant al um
nitride, and so on and have a_thickness of betmeen about 300 and 600

Angst r onsCAPACHERR AIQIEFTERCt B8 PRI FRRRFH iTn, beFWRErd 2PRUSK 1 PA%er 32 is
formed over,thg,¢ o, ”F{[r%l Iayq.lhl%Omag £ £38£P JBSK nla?’%r g@YLs%O”P hLse

silicon oXi'Ge?“ni t'r1 oxyni organi c or

I norgani CeBARSI e WBéﬁLﬁﬁ{u%. %ﬁ%miﬁuﬁﬂcobrﬁ@r; hé&;&iﬂ;ﬁss t¥ndsheniandigpsk | ayer

i s between about 600 and 900 Angstronms. Referring nowto Fig. 2, a
phot or esi ahdnasko35 A imrfmieredetedr Layey $heisatapawitied ayer. thee
conposite
P second metal layer 30. This barrier metal layer may comprise
silicon nitride, tantalum, tantalum nitride, and so on and

have a thickness of between about 300 and 600 Angstroms.

In a key step of fhe present invention) a hard
' mask layer 32 is fo;med over the top metal layer 30. The
hard mask layer may comprise silicon oxide, nitride, ONO,
.nitrided oxides, oxynitrides, or organic or inorganic BARC
materials, and so on. The thickness of the.hard mask iayer-

is between about 600 and QOO'Angstroms.

Referring now to Fig.'2, a photoresist mask 35
'is formed overlying the hard mask layer. The composite
stack, comprising the hard mask 32, barrier metal.layer 31,
top metal layer 30, capacitor dielectric 28, bottom metal
layer 26, and barrier metal layer 24, is etched as shown in '

Fig. 2.



stack, conprising the hard mask 32, barrier metal |ayer 31, top netal
| ayer 30,c=d@@adi6flor dielectric 28, bottomnetal |ayer 26, and barrier
nmetal layer 24, is etched as shown in Fig. 2. 7 CS-00-161 Now, in another
key step of the present invention, the photoresist mask 35 is reduced in

size by plasm ashing, S shown Fi 3. ,.Ihe e e phot or esi st
mask 37 provides a nask of p%t?%ﬁ#h?ﬁ;%ﬁy te@ gﬂg gfééégctrode In this

way, onl yngr&dllanm%ap hoSbelsist xﬁé‘é%”ise‘ist Qeaheaab%hsm@ Efp and bottom
netal el ectrodes. The phot oresi st mask is reduced by oxygen asma ashi ng.

The ashi nslasmee dashiopt,i miszetotn imifidhes nadhe atedanedx_ténedvel y large
scal e because the remaining resist is wused to etch the hard nask, not the
t op netaJPhQﬁRﬁeSlﬁmeﬂéﬁklﬁg Hﬁﬁﬁ%@ﬁ$ﬁ§)maﬁktﬂﬂ§ Pﬁ&ﬁGFééPQtoﬁBBke 8P pattern
S transferred to the hard-nmask,layer 32 b hin remai ni ng resi st

mask 37 nB§ ?ke?%ﬁFWHQQ? ‘t o IR tRAS  FRY ¢ P t?ﬂel g§6pruFtFP UBfinitely
S suff|C£§§& ?orn1 h%ogﬁrnggfé%lﬁﬁg”boéﬁﬁ% me&%lt% Egh gayer 30 is

patterned op neta trode,” USIng R and the

The photoresist mask is reduced by oxygen
plasma ashing. The ashing time is optimized to trim the mask
at an extensively large scale because the remaining resist is

used to etch the hard mask, not the top metal layer.

Referring now to Fig. 4, thg photoresisﬁ_mask
37 pattern is transferred to the hard mask layer 32 by
etching. The remaining resist mask 37 may be too thin to
etch the ﬁop metal layer 30, but it definitely is sufficient
to etch the hard mask layer.

Now, the toplmetal layer 30 is pattermed to
'fdrm the top metal electrode, using the hard mask and the
remaining photoresist mask 37 as the etching mask, as
illustrated_in Fig. 5. If there-is any remaining photoresist
mask 37, it is removed by a plasma stripping step.
Alternatively, the photoresist mask 37 may be removed.befofe

the etching step. The hard mask 32 is sufficient to mask the



remai ni ng photoresi st mask 37 as the etching mask, as illustrated in Fig.
5. |If theseoNsléhy remai ni ng photoresist mask 37, it is renoved by a
plasma stripping step. Alternatively, the photoresist mask 37 may be
removed. before the etching step. The hard mask 32 is sufficient to mask

the 8 CS- 00 16 { &g tro h ching step. Fig. 6 '
i 11 ust raf&® Fﬁéaéo fgfr%éiﬂ*ﬁ cagn%r?%? g top plate el eetrode 30,

capacitor dielectric 28, and botton1p|ate el ectrode 26. The hard nask
| ayer may remain overlying the top plate electrode. An internetal
dielectric layer 40 is Heposs tEdluntaratiese thepgompbeted MBE esaparitamt i nues

as is conventional in the art to form _nterconnecti

not, shown. Figs.

ns
t hr ough FImarising: EoPnelake h%]cF‘Eﬁr%iie poaf é’FP@&lEﬂﬁog?‘%ﬁ?t’b‘fct% pr esent

i nventi on, étbosc%%w gl o QFQE&%

Il nvent i on eve

haty htﬁ.h'i %‘h'\’lngégaféir% rf?ép;F

t he present
ocess of the

i nventi Ori:'én?as.dﬂ lovelAyiRg tfxébfé[faélé}fb CHléi:ﬁ“r’%Elé' -1 BAULAteFm&BA Rl capaci tor

- having wel |- defined.’top and
roundi ng @feltdiariep 169tal 40 £6t dOses i e gyeacane ebphbetor.

tom el ectrodes wi thout corner etching or

Processing continues as is conventional in the art to form

interconnections, not shown.

Figs. 1 through 6 illustrate the method of a

préferred'embodiment of the present invention. It should be

understood that the MIM capacitor of the present invention

may be formed at any level within thé'wafer.

" The process of the invention results in the

fabrication of a metal-insulator-metal capacitor having well-

defined top and bottom electrodes without corner etching or

roundlng of the top metal electrode. The process of the

present invention overcomes the issue of varying capacitor

characteristics by preventing the top metal £from being

exposed and etched away during bottom metal etching.

This

improves capacitor matching capability which is especially

important in RF mixed signal applicatians. The process of

the present invention also employs plasma ashing and hard-

1



present invention overcones the issue of varying capacitor characteristics
by preve@S-08-LB& top netal. from being exposed and etched away during

bottom netal etching. This inproves capacitor matching capability which is
especially inportant in RF m xed signal applications. The process of the

present iuGL0ReBhARGELD! Y HRUAS T 3enSna0la bR ot GEAAPI _maski ng

techni ques 1n er to'save an a masking step and to att:ain

better pr{aeesanaorbl gtrallliveridie grvcld @ankasibeen particularly shown
and described with.reference to the preferred enbodinents. thereof, it

wi Il be understood by tWbske stdie |igorentrionhéasr beehapavbicwlesrhanges in
form and details may be nmade w thout departi gggf romthe spirit and scope
of the ishram idgd dpRsribed cvhrhretpferencey tostbe- peeferyed| ||

Frarerere b LLrppr L 1., A et.hod for fabricat] a .
et al - | neTHERAMAREP A ERBRE T {1 PR ST G P R RS i 19%g | ayer
overlying g tl’ﬁaer_gr’%m&ﬂﬁ‘ﬁt Qbr SRS &fges in form” and details may be

made without departing from the spirit and scope of the

invention.

What is claimed is:

10



5 depositing a first netal |ayer over said insulating 'u I :.ﬂ a
capaci t o€sdpet®@rric | ayer overlying said first metal ”l m"" ﬁl"l“ﬁg
a. second netal |ayer overlying said 10 capacitor dieléctfic"la¥yerS *
depositing a hard mask | ayer overlying said second- netal layer; formng a

first photoresisi Jskod el Wl 15akinghar foe SSkod BRlo: Al Ler i ng Sai d

hard mask | ayer, second net al ayer, sald capacitor dielectric |ayer,
and sai d firstapa€iedr | conprisSingg said first photoresist nmask as an

etching mask to forma netal stack whereby patterned said first netal

| ayer forms a bottpreelding ¢de igisudaitdng2dayepaevenkyineducing in size said
first photoresist mask to forma second photoresist nask; patterning said

hard nmask | ay&PMiSPREReint SMTFd e hot oresi st mask as an etching mask; 25

removing gsai d secogd pOLALES) S MRS e 1 e 00 i 1ddlddng |11

layer;
depositing a capacitor dielectric layer overlying
said first metal 1ajer;- |
“depositing a second metal layer overlying said
10 capacitor dielectric layer; |
' depositing_a hard mask layer overlying said second
metal'layer;
forming a first photoresist mask‘overlying said
hard mask layer;

15. patterning éaid hard mask layer, said second metal
layer, said capacitor'dieléctric iayer, and said first
metal layer using séid first photoresist mask as an
etching mask to form a metal stack whereby patterhed
said first metal layer forms a bottom electrode of said

20 capaéitor; -
reducing in size said first photoresist mask to

form a second photoresist mask;
patterning said hard mask layer using'said seéon&

photoresist mask as an etching mask;

25 . removing said second photoresist mask; and

11



[1IM 11111 patterning said second netal |ayer using | | ayer
as an etG®i%8gledsk whereby said second netal |ayer ftﬂﬂ‘ﬂﬂmumﬂ“ode
of said capacitor to conplete fabrication of said netalk- wr-sme=al 30
capacitor. 2. The nethod according to Claim1l. wherein.said sem conductor
substrate include ' | [U S ; | ectrodes
and source and dr§?§€g¥ggﬁgﬁ§%ﬂ%. T éﬁﬁgFﬁ%& g%g%?d?ﬁgﬁgdé%fgﬁﬁﬁffmherein
said sem com@diakt abysybakr &h cetdltinl a3 RiheerbyCtaiddegtond métalct ures
such as gate el ectrodes and source and drain regions and nultiple |evels
of nmetal intdayemdéeorigns. tord elpetradnf Seddr ¢PRGCSEECTI B¢ m 2 furt her
conprising form.ng cqntacts pbetween so f said sem.conductor device
structures aﬁﬁmg&ﬁg9f%?§F}H%Ph?“|%;eﬁa%4?%4%%%1&“SH§85BEBH?§%£ of said
netal;iqﬁy!at !kﬁgk%g_capacitor. 5. The.method according to Claim1l
wherein said tirrst netal |ayer conprises one of the group containing
al um num al um num copper, copper, tungsten, and alloys. 12 Cs-00-161
11111121 X1111! 11111 211121 |1 1111 ' ' '

2. The method according to Claim 1 wherein said

semiconductor substrate includes semiconductor device
structures such as gate electrodes and source and drain

regions.

3. The method according to Claim 1 wherein said
semiconductor substrate includes semiconductor device
structures such as gate elect:odes and source and drain

regions and multiple levels of metal interconnections.

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

node contact of said metal-insulator-metal ¢apacitor.
5. The.method according to Claim 1 wherein said

first metal layer comprises one of the group containing

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

12



CL MS 6. The nethod accor di ng to daiml furt:}:}lllmﬂu%luﬁﬂﬁlmmspositi ng a
first b3 1% 1Pt al | ayer underlying said first' L s ein said

first -barrier metal |ayer has a thickness of between about 300 and 600
Angstrons. 7. The nethod according to Claiml1l wherein said capacitor

diel ectric c@prmnreche@RB8dOhctSLAPIPURD CXHEnBIINIfAGEheK| tonprisingde,
tantalum tantalumnitride, and tantalumtantalumnitride. 8. The nethod
accor di ng t o dérmishtingher éinstabarsieometaietl@yerapadesdnprgsesidne of the
group containing alum num alum num copper, copper, .tungsten,_ and. all oys.
9. The net hodfidomMeitdd LBYer avieaeir kst P&, Qerdgﬁ?ﬁh?‘ﬂﬁeﬁ second

parri or ot alBq 4 araeeke fr RnbeeS R 58 Pog0RtaRkTeRg: © o

Angstrons. 10. The nethod according to Claim21 wherein said hard .mask
| ayer conprises one of the group containing oxides, nitrides.. ONO
nitrided oxides,THX¥ithodd8sco2lingr 868N¢TaiNd wHeHedaNis@iBARC materials and
having a thickness of between about 600 and 900 Angstrons. 13

capacitor dielectric comprises one of the group

containing: silicon nitride, tantalum, tantalum 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 accérding to Claim 1 further comprising
-depositing 2 second barrier metal lafer overlying said
second metal layer wherein said second barrier metal
layer has a thickness of between about 300 and 600

' Angsfroms.

10. The method according to Claim 1 wherein said hard
mask layer comprises one of the group containing oxides,
nitrides, ONO, nitrided.oxides, oxynitrides, and 6rganic
and inorganic BARC materials and having a thickness of

between about 600 and 900 Angstroms.

i3



111119 L MS_ CS-04-161 11. The nethod according to G,HIMH"IMHMM,HHH

step of C§7ﬂﬁﬁﬁsﬁg in size said first photoresist mask cdnprti sés ®oxygen

pl asma ashing. 12. A nmethod for fabricating a netal -insul ator-netal
capacitor conprising: providing an insulating |layer overlying a

sem conduct oriisulrdler Ak€ho& HEPOEdindGd dlidisl 1MRhakeldyesiidvetes sl
insulating |ayer; depositing a capacitor dielectric |ayer overlying said
first netal |we@wcindepossizagsaidetiorat mitatioriesisk wasek| gomprisési 10
capacitor dielectric_|layer; depositing a hard mask | ayer overlying said
second neteﬂ°4¥%ﬁ§'P1F5%ﬁiﬁ§h 9trst photoresist mask overlying said hard
mask | ayer; 15 patterning said hard nask | ayer, said second netal" |ayer
said capacitor dielectric layer, axid said first netal |ayer using said

first photoresj sty HahoaS s8R £ELFIELGARSK deta10tRsA1RERLmSEAEK Wher eby
patterned - ' _
' capacitor comprising:
prpviding an insulatin§ layer overlying a
semiconductor substrate;

5 . depositing a first metal layer over said insulating

layer;

depositing a capacitor dielectric layer overlying.
said first metal'layer;

depositing a second metal layer qverlYing said

10 ‘capacitor dielectric layer; |

depositing a hérd.mask layer overlying said second
metal layer; |

forming a first photoresist mask overlying said
hard mask layer;

15 patterning said hard mask layer, said seéond metal.
layer, said capacitor dieléctric layer, and-'said first
metal layer using said first photoresist mask as an
etching mask to form a metal stack whereby patterned
said first metal layer forms a bottom electrode of said

20 capacitor;

ashing away a portion of said first photoresist

14



———————SA——m—

said firgg | layer fornms a bottom el ectrode of s !113[“ Hm““

ashi ng é&ﬁﬁgg&gértion of said first photoresist 14 Eﬂ““&m hs S *LI
Ui Trrrr 1t e il €L mask to forma second photoresi st nmask
narrower than said first photoresist mask; patterning said hard mask | ayer
using said sererdto2Borihat 966enMd ipHTIteadd stNmakRhhagraesk; tii@ovi ng sai d
second photoresi st mask; and patterning said second netal |ayer using said
hard mask | ®pdd déragh phohdresists kmagksr eby sai d second netal |ayer forns
a top electrode of said capacitor to 30 conplete fabrication of said

met al - i nsul at or - MBR&FETRLPECFR BT  hazd mﬁﬁ¥|%9?ﬁ5d“§&€8rﬁ?%é TOCErAI m 12
wher ei n ﬁ@jd %ﬁgk%ggg%ckggksggzéﬁqgééﬁﬂggfﬂggi_seniconductor devi ce
Wlas gate e S

struct urés suc ectrodes an rce and drain regions. 14. The

net hod accordi ng tQuhahi $4i4hss&od SSHStorsTistoRdEYkt Ohngubstrat e i ncl udes
sem conductor device structures such as gate el ectrodes and source and

drain patterning said second metal layer using said hard
mask layer as an etching mask whereby said second metal
layer forms a top electrode of said capacitor to
30 complete fabrication of said metal-insulator-metal

capacitor.

13. The method according to Claim 12 wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source and drain

regions.

14. The method according to Claim 12 wherein said
semiconductor substrate includes semiconductor device
" structures such as gate electrodes and'éource and drain

regions and multiple levels of metal interconnections.

15. The method according to Claim 13 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.

15



regions _and nultiple levels of netal intercbnnectio ﬂmﬁﬂ“tmlﬁummd

accordiﬁ@'?g‘%f%jn1l3 further conprising formng cg e of
sai d sem conductor device structures and said first het@l 4ayer*to"forma
node contact of said netal-insulator-netal capacitor. 15 CS-00-161 111111l

I1L111111111318) 17ihé |mdtHod- ddckirdihige toethadnalZ asltbrgin Ga@ldifirkd wherein
said first netal |ayer conprises one of the group containing alum num

al um num coppetal chimper , canpigsiesn onendfatheygroud Zcomtainichod according to
Caim12 further conprising depositing a first barrier netal_ |ayer
under | yi ng s8lHMiRQRgtalypiiym-GopReTash EPEPAY satEngstan , ARG il a¥#t-al | ayer
has a thickness of between 4bout 300 and 600 Angstroms. 18. The mnethod
according to Caim 12 wherein said capacitor dielectric conprises one of

th taLping:..sili j.tride, _ I [trd de, d
tant al ¢ antar oAPR TS SEiEY 3 aaI s kb BT G
sai d second suBhalitifYCs EOFEX IR iQNL rdlalNeageLUBnEOPT R AW Nehs l UM num

al um num copper, coppéer, tungsten, and alloys.” 20. The nethod according to

a ai Im 12 foFfEQEtCﬁ@’Qéi Sidger deOSd il RGid FeeeRdbApriéfmeinl1dyer
overlying sai .
S ' has a thickness of between gbout 300 and 600 Angstroms.

18. The method according to Claim 12 wherein said .
capacitor dielectric comprises one of the group
containingﬁ silicon nitride, tantalum, tantalum nitride,

and taﬁtalum/tantalum nitride.

19. The method according to Claim 12 wherein said second
metal layer comprises one of the group containing

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

.20. The method a&cording to Claim 12 further comprising
depositing a second barrier metal layer ovéfiying said
second metal layer wherein said second barrier metai
layer has a thickness of between about 300 and 600

Angstroms.

16



second netal |ayer wherein said second barrier netal (ﬂl’uﬁ l"e'mml “m
of bet w&SiTO3d8 300 and 600 Angstrons. 16 Cs-00-161 |||

(11" =111 CLMS*'1 21. The method according to Claim 12 vvhereln Sai d
hard mask | ayer conprises one of the group cont ai ni ng oxides, nitrides,

ONO, nitri de@10XiTHRS mekNA| 2ELESLNARD @1GAM 02 FRreDAr gaid ChaBARC
mat eri als and having a thickness of between about 600 and 900 Angstrons.

22. A net hod rfasrk flalyeirc aompyiseseind -ofhdibeaigrougerantatapagi exidedipri si ng:

providing an insulating |ayer overlying a sem conductor substrate; 5

deposi-ting a Witzidasar %N@P ritaidedyeridasor mtrnﬁgaba@nﬁgor%c

depositing a first netal égé over said barrier, netal dep05| ting a
r

a
capaci tor di eﬂ%t‘r’ﬁoé'glagﬁér ’F?/??P@la]ﬁ) and paing am?PéF"%ﬁ?%r deposi ting
a second net %el RV %%;cl gng &ll 900 c&g)gsctrto%rs.dl el ectric | ayer;

22.;A method for fabricating a metal-insulator-metal
capacitor comprising:
providing an insulating layer oyerlying a
semiconductor'substrate; .
5 depésiting a first barrief metal layer over said
.1nsulat1ng layer, | |
' depositing a f1rst metal layer over said barrier
metal layer; o
de9031t1ng a capacxtor dlelectrlc layer cverlylng
iO said first metal layer;
- depositing a second metal layer overlying said
capacitor dielectric layer;

depositing a second barrier metal layer overlying

said second metal layer;

15 depositing a hard mask layer overlying said second

barrier metal layer;

forming a first photoresist mask overlying said

hard mask layer;

patterning said hard mask layer, said second

17
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deposi t 'é-._go@_faelcond barrier netal |ayer overlyi nngH!H"wijuLlWI | ayer;
15 depoSiting a hard. mask | ayer overlying said s | a

-layer; formng a first photoresist nmask overlying said hard nmask |ayer;
patterning said hard mask | ayer, said second 17 CS-00-161 It!tiLIbrrnren 11
1111111261 | patriMd2theltanr Lagerpt 8hidayetond ametdedaydrpesalidl ayer, said
capacitor dielectric layer, said first netal layer, and said first barrier
nmetal |ayer capagitoa difilectriphbepersi saidebicsds fetadt dRVRE - n88R to forma

nmetal stack whereby patterned said first netfal |ayer forns a 25 bottom
el ectrode ofsééﬂcﬁ%ﬁ%ﬁmHQﬁEFFra§ﬁFﬁb LABST ST i DE TS first

hot or esi st k to for second_phpt ' ; t har i d
_Pirst photor%@?@?g?ﬁﬁﬁa ﬁggﬁtg nFﬁgegggagﬁgﬁég%é§€%¥§§§%r3@%%& sgPd zggond
30 phot Ores'§£agﬁsvjf‘h@r°eh}in g%tstgggggdﬁgék' F?M'Méﬁ'l%ﬁc%nﬁhat or esi st

mask; and patterning s metal layer using said hard mask |ayer

as an ebehi ngofBet ¥ 188eS ¥fd s8@a0RepHBE 861 ;
ashing away a portion of said first éﬁatoresist .
mask to form a se;ond photoresiét mask narrower than
said first photoresist mask:
patterniné said hard mask layer using said second
30 photoresist ﬁask as an etching mask;
removing said second photoresist mask; and
patterﬁing said second metal laye; using said hard
mask layer as anletching mask whereby saia second metal
layer'formS-a top eiectrode of said capacitor to |
35 complete fabrication of said metal-insulator-metal

capacitor.

23. The method according to Claim 22 wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source and drain

-regions.

24. The method according to Claim 22 wherein said

semiconductor substrate includes semiconductor device

18



| ayer féEJH%

sai d nmetal -1

wherein said sem conductor substrate includes sem conductor device
structures such as gate el ectrodes and source and drain regions. 24. The

met hod accorsimgtureS asurh2@swhete| el actinbdesemindosducter agdbdratme i ncl udes
sem conductor device 18 CS-00-161 [_I"1"1 LI LI 1@l (01" 11 1™
structures SRS gademulsipioditevels abhmetalainterspanertdPpss and
multiple |l evels of netal interconnections. 25. The nmethod according to -
Claim 23 further conprising formng contacts between sone of said

ont act of o5 THA APYHRAAEOF BT aFS (R (of TUEsBer T AURREL ALBSac cor di ng
4 AT BBl ALohVSE SAPIISES AIGAOE he of oup

contact of s

to Caim22
cont ai ni ng

1
arum al um num copper, copper, ngsten, and al | oys

The method ag&o{&H NG A trdsMard ¥REH OF r S8 ikt H2RAY Ok ol EBLRCH | C

conprises one of the group

node contact of said metal-insulator-metal capacitor.

26. The method according to Claim 22 wherein said first
metal layer comprises one of the group containing

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

27. The'method acéording to Claim 22 wherein said
capacitor dielectric comprises one of the group
containing: silicon nitride, tantalum, tantalum nitride,

and tantalum/tantalum nitride.

28. The method according to Claim 22 wheréin said secbnd
metal layer comprises one of the group containing

aluminum, aluminum-copper, copper, tuhgstén)-and alloys.

29. The method according to Claim 22 wherein said hard
mask layer comprises one of the group containing oxides,
nitrides, ONO, nitrided oxides, oxynitrides, and organic

and inorganic BARC materials and having a thickness of

19

S

3 0P el ectrode of said capacitor tfo H!’"(!H"ﬁ’ﬂ"H"ﬁHMcation of
nsul ator-netal capacitor. -23. The nethod a Clollg Claim 22

node

27.



cont ai ni kg~08khsgon nitride, tantalum tantalumnitri deulmm"

tantalum tantal umnitride. 28. The nmethod according to IZ'“"\MII&" “II
sai'd second netal |ayer conprises one of the group containtng & urfi nam

al um num copper, copper, tungsten,-and alloys. 29. The nethod according to
Cl ai m 22 wher BeEveen dalioutd 60tasind aper AREERELEES one of . the group ' '
containing oxides, nitrides, ONO nitrided oxides, oxynitrides, and

organi ¢ and inorganic BARC materials and having a thickness of 19
CsS-o00-162 tbrrrerrererrer™erererrrererrrr * CL MS  between about 600 and
900 Angstronms. 2Q :
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