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he present invention relates to a nmethod of fabricating a

tet al - oxi de-netal capacitor, and nore particularly, to a nethod of formng
an inproved netal -oxide- netal capacitar in the fabrication of an

i ntegrated circui META&vOXEDE-ME(2). CBEBARI Tk GORORNRIEOEPRIFR Qs

Capacitors are critical conmponents in the integrated circuit devices of
today. For exanple, in analog integrated circuit devices, capacitors play
an inportant role. Both polysilicon and netal - oxi de-netal capacitors have
been used in the art. MBRASKGBQUNB- OEt THE ( AORENTEQMCi t ors can

(1) FIELD OF THE INVENTION

The present invention relates to a method of
fabricating a metal-oxide-metal capacitor, and more
particularly, to a method of forming an improved metal-oxide-
metal capacitor in the fabrication of an integrated circuit

device.

(2) DESCRIPTION OF THE PRIOR ART

Capacitors are critical components in the
integrated circuit devices of today. For example, in analog
integrated circuit devices, capacitors play an important
role. Both polysilicon and metal-~oxide-metal capacitors have
been used in the art. Metal-oxide-metal (MOM) capacitors can
be used at multiple levels and in contacts or vias.
Polysilicon capacitors require complex or special processes.
They have problems such as a lack of flexibility, metal

interference, and deopant diffusive effect, among others.

U.S. Patents 5,576,240 and 5,654,581 to
Radosevich et al, 5,479,316 to Smrtic et al, and 5,708,559 to

Brabazon all disclose various methods of forming metal-oxide-



be used at nmultiple levels and in contacts or vias. Polysilicon capacitors
require conpl.ex or special processes. They have problens such as a | ack of
flexibility, metal interference, and dopant diffusive effect, anong

ot hers. _ U S. Patents 5,576,240 and 5,654,581 to
Radosevich et al, 5,479,316 to Smtic e al, and 5,708,559 to Brabazon al

di scl ose mathRusapathedesef GOsM PgraRt a6 ;989 A6 to Chittipeddi
-2- metal capacitors. U S. Patent 5,589,416 to Chittipeddi teaches

fabricati gaaches Habglicaxidf- pol ¥Shbt&DroLiPecpéDfsilicon capacitor.
SUMVARY OF THE | NVENTI ON Accordingly, it is a primary
object of the invention to provide an effective and very nmanufacturabl e

process for producing a netal-oxide-netal capacitor.
. SUMMARY OF THE INVENTION

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

process for producing a metal-oxide-metal capacitor.

Another object of the present invention is to
provide a method for fabricating a metal-oxide-metal

capacitor with good step coverage and uniformity.

In accordance with the objects of this
invention, a method for fabricating a metal-oxide-metal
capacitor is achieved. A first insulating layer is provided
overlying a semiconductor substrate. A metal line is formed
on the surface of the first insulating layer to act as the
node contact for the capacitor. A second insulating layer is
deposited overlying the metal line. The second insulating
layer is etched through to form via openings to the metal
line. The via openings are filled with metal plugs wherein
the metal plugs form the bottom plate electrode of the
capacitor. The second insulating layer surrounding the

metal plugs is etched into so that the metal plugs protrude



Anot her object of the present invention is to provide a nethod for
fabricating a netal -oxide-netal capacitor with good step coverage and
uniformty. In accordance with the objects of this
knvention, a nethod for fabricating a netal -oxide-nmetal capacitor is
achieved. A flrst I nsulating | ayer is pr§V|ded overlying a sem conduct or
substrate. surface of the first insulating

| ayer to aCF 8@ gh@ SH533°809Fgggef%?C? %Eﬁﬁ&ﬁ?%ﬂg R¥&Iond iGRRAGEYY
<6t ched { ARBIBREFA% SPUFE Socft ?ﬁbﬁé@'oéw??@ % AU 4R ORI, SPbaRd ngs
ol oct LLLE%WH%%&”@ ifg2eV8F S5 EhE mAREY nE bR g oA R A Tho
metal  plugs igs GQE%QQQednEQe§9yEHSttﬁgecggégit54Lﬁﬁ%f&é%fiﬁ“ﬁayer. A

metal layer is deposited overlying the barrier metal layer

and patterned to form the upper plate electrode of the

capacitor completing the fabrication of a metal-oxide-metal

capacitor.

Also in accordance with the objectives of the
invention, a metal-oxide-metal capacitor is achieved. The
metal-oxide-metal capacitor comprises a metal contact node
on a first insulating layer overlying a semiconductor
substrate, a bottom plate electrode comprising metal plugs
extending through a second insulating layer to contact the
node contact, a capacitor dielectric layer overlying the
second insulating layer and metal plugs, a barrier metal
layer overlying the capacitor dielectric layer, and a metal
layer overlying the capacitor dielectric layer wherein the

metal layer forms the upper electrode of the capacitor.
BRIEF DESCRIPTION OF THE DRAWINGS

In the following drawings forming a material

part of this description, there is shown:



-3- fromthe surface of the second insulating |ayer. A capacitor

dielectric layer is deposited over the surface of the second insulating

| ayer and the netal plugs. A barrier netal layer is deposited overlying

t he capacitor dielectric layer. A netal layer is deposited overlying the
barrier netal |layer and patterned to ngthhe upper plate electrode of the
capacitor conpleting the fabrication of a netal-oxide-netal capacitor.

Al so in accordance w th ¥H@S ob} dinongh 32 @fe schesaticncress-

met al - oxi de-netal capacitor is achieved. The netal-oxide-nmetal capacitor
conpri sesSeCHPRR ! cEAPEeseRtRbionst of 1§ mrefiexredacmbgdimeat efethgi ng a

sem conductor substrate, a bottom plate el ectrode conprising netal plugs
ext endi nPFRFRHNIAVERELPR: i nsul ating | ayer to contact the node contact, a
capacitor dielectric |layer overlying the second insulating |ayer and netal
plugs, a barrier netal |ayer overlying the capacitor dielectric |layer, and

a metal ayer over| ygget by GIRGF ' SHifteRih GuBREHEY © " the

Refer¥ing now more particularly to Fig. 1,
there is shown a partially completed integrated circuit
device. The semiconductor substrate 10 is preferably
composed 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 éssociated source
and drain regions. The semiconductor device structures, not
shown, may be formed in layer 14 and covered with an
insulating layer. Next, metal lines 20 and 22 are formed as
is conventional in the art. Alternatively, these lines 20
and 22 could be polysilicon. A thick insulating layver, such
as chemically vapor deposited (CVD) silicon dioxide,
phosphosilicate glass (PSG), or the like, 24 is deposited
over the lines 20 and 22 and then planarized, for example by
chemical mechanical polishing (CMP), to obtain a flat

surface.



met al | ayer forns the upper electrode of the capacitor.

BRI EF DESCRI PTI ON OF THE DRAW NGS In the foll ow ng
drawings formng a material part of this description, there is shown:

- 4- Figs. 1 through 12 are schematic cross- sectional
representations of a preferred enbodinent of the present invention.

more part i oular F?Et EREFSRR'%%?EQEL Eiss Burttiny conGrEdA? "
I nt egrated Vi S trat erably
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25 are made through the insulating layer 22 to the metal or
polysilicon lines 20 and 22, The line 20 will form the node
contact of the capacitor. An array of contact or via
openings is preferred, but any number of openings may be made

to the line 20.

Referring now to Fig. 3, the contact/via
openings 25 are filled with a barrier metal 28, such as
titanium nitride, and a metal layer, such as tungsten, which

is planarized by CMP to leave tungsten piugs 30 and 31.

A layer of photoresist is coated over the
surface of the substrate and patterned to form the
photoresist mask 32 exposing only the metal plugs which will

form the capacitor.

Referring now to Fig. 4, the insulating layer
24 is etched away where it is not covered by the photoresist
mask 32 using an oxide buff. The oxide buff is a light etch
using a reactive ion etch (RIE) which removes a portion of
the coxide surrounding the metal plugs leaving a trench 35

around the metal plugs 30. The RIE does not etch away the



orientation. Sem conductor device structures are forned in and on the

sem conduct or substrate. These may include gate el ectrodes and

i nterconnection |lines and associ ated source and drain regions. The

sem conduct or device structures, not shown, may be forned in |ayer 14 and
covered with an insulating | ayer. Next, metal lines 20 and 22 are formed

as. s coryepii gpphoknabhe B pl'%érffé@féﬁ/els\“re%%ﬁ | bgesngin drdg.coul d

be pol ysilicon. ick insulating layer, such as chem cally vapor

deposi ted 4§ CVDPhéi hb€QY 91@g<sd330 w PO SIHAS | tHeC Mot $I akBSELecirddee | ke,

24 is deposited over the lines 20 and 22 and then planarized, for exanple
by chem cgk vmehaapaaiteeli shing (CW), to obtain a flat surface.
- 5- Referring now to Fig. 2, using conventional
|'i t hographic and etching techni ques, via or contact openings 25 are nade
through the insulating layer 22 to the netal or
Referring now to Fig. 5, a capacitor
dielectric layer 36 is deposited conformally over the surface
of the substrate and within the trench. This layer may
comprise undoped silicate glass (USG), or any other suitable
dielectric, having a thickness of between about 200 and 1500
Angstroms. The dielectric layer should be as thin as

possible.

A second photoresist mask 40 is formed over
the substrate to protect the capacitor structure and having
an opening over the metal plug 31 not in the capacitor area,

as illustrated in Fig. 6.

Referring now to Fig. 7, the USG layer 36 is
etched away over the tungsten plug 31. A top portion of the
insulating layer 24 around this tungsten plug is also etched

away. The photoresist mask 40 is stripped.

Referring now to Fig. 8, a barrier metal layer
42 is deposited over the surface of the insulating layer and

over the USG layer 36. The barrier metal layer may comprise



polysilicon Iines 20 and 22. The line 20 will formthe node contact of the
capacitor. An array of contact or via openings is preferred, but any
nunber of openings may be nade to the line 20.

Referring nowto Fig. 3, the contact/via openings 25 are filled with a
barrier netal 28, such as titaniumaintride, and a netal |ayer, such as

t ungst en, téttianiun snd aridenieth hyitCiBet hatrtayeat somsived pthgskd@sandf 31.
A layer of photoresist is coated over the surface of the substrate and
pat t er ned detwemmmabout [Hooamde 609t AnaskrdfisexphBe Nbarnig¢r thetakt bayetugs
which will formthe capacitor. Referring nowto Fig. 4,
t he i nsul atillg drament e overdlyddgaweyawhéapert frsmnpénebyvat bugbithehe
phot oresi st mask 32 using an oxide buff. The oxide buff is a light etch
usi ng a r eRREciEaID MialactrRicE) ayerc andepyouidaspadheshonfbetween the

overlying metal layer and the metal plug.

Figs. 9 through 11 illustrate an.optional
series of steps to form spacers to secure the leakage path.
Referring to Fig. 9, a photoresist mask 46 is formed over the
surface of the substrate to expose the area of leakage
concern near the metal plug 31. The barrier metal layer 42
in that are is etched away, as shown in Fig. 10. The
photoresist mask is removed and a thin oxide layer 48 is
deposited over the surface of the substrate. The thin oxide
layer is etched back to form spacers 50, illustrated in Fig.
11, on the sidewalls of the titanium nitride layer and within
small openings, as shown. The spacers will prevent leakage
especially around the metal plug 31. The spacers will not be
shown in the subsequent figures, but it should be understood

that they may be there.

Referring now to Fig. 12, the metal layer 52
is deposited over the barrier metal laver 42 to a thickness
of between about 3000 and 8000 Angstroms. This metal layer

may be aluminum such as AlCu. The metal layer and barrier



t he oxi de surrounding the nmetal plugs |leaving a trench 35 around the netal
pl ugs 30. The RIE does not etch away the
-6- nmetal plugs 30. The photoresist is renoved, as shown in Fig. 4. The
metal plugs 30 will formthe bottomplate el ectrode of the capacitor.
Referring nowto Fig. 5 a capacitor dieBectric layer 36 is deposited
conf or mal Ijettakrlaper suS2 aared 4, tiwsadisivedlye are witichied theyt wheale This
| ayer may conprise undoped silicate glass (USG, or any other suitable
di el ectri cthépvang ot htokered by Hatawden mdoshd@®) dod £03@0 théndspr ons.
The dielectric |layer should be as thin as possible. A
second phopbatei sleabshdd(of sthercapaaifor Stheamnsilesmediad toonhastte®O .t he
capacitor structure and having .

An anti-reflective coating (ARC) layer 54 may be deposited

before the metal layer is patterned.

Figs. 1 through 12 illustrate the method and
resulting capacitor of one technique in the spirit of the
present invention. It should be understood that while the
metal 20 and 22 is shown in the method of Figs. 1-12 as a
first level metal, this layer could be at a higher level in

the overall structure.

The process of the invention results in the
fabrication of a metal-oxide-metal capacitor. The metal plug
process of the invention is a simple process, having good
step coverage and uniformity. The process can be used on a
via or a contact structure. The etching away of a trench

around the metal plugs provides for a larger capacitor area.

The metal-oxide-metal capacitor of the present
invention will be described with reference to Fig. 12. The
metal-oxide-metal capacitor comprises a metal or polysilicon
contact node 20 on a first insulating layer 14 overlying a

semiconductor substrate 10, a bottom plate electrode



an opening over the nmetal plug 31 not in the capacitor area, as
Illustrated in Fig. 6. Referring nowto Fig. 7, the USG
| ayer 36 is etched away over the tungsten plug 31. A top portion of the
insulating |ayer 24 around this tungsten plug is also etched away. The
phot oresi st mask 40 is stri pped. -9 - Referring now to Fig. 8,

a ‘barrier goiptidiayemetdtdl iFLWRRP BV et ePdehgt hﬁréﬁ?ﬁaﬁeséﬁohhe i nsul ating
| ayer and over the USG | ayer 36. The barrier netal |ayer may conprise

-7- titaniinsulek indg duysn M4 iogdednacty theC aslenednthcekpogsaof bet ween
about 50 and 600 Angstrons. The barrier netal layer wll prevent the
overlyi ng cepatitey eiid Yemmpiandiayaid 3% idverlgapgcicher sdcehdctinsalbayay and
provi des adhesi on between the overlying netal |ayer and the netal plug.
layer 24 and metal plugs 30, a barrier metal layer 42
overlying the capacitor dielectric layer 36, and a metal
layer 52 overlying the capacitor dielectric layer wherein the
metal layer forms the upper electrode of the capacitor 58. A
guard ring, not shown, connected to ground or the like,
should be used around the capacitor structure as is
understood by workers in the field. It should be understood
that insulator layer 14 may cover semiconductor device
structures, not shown, which may include gate electrodes,

source and drain regions, and underlying levels of metal

interconnections.

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.



Figs. 9 through 11 illustrate an optional series of st n1s acers
to secure the | eakage path. Referring to Fig. 9, a ph Eﬂﬂﬁm,m
formed over the surface of the substrate to expose the

concern near the netal plug 31. The barrier nmetal layer 42 in that are S
etched away, as shown in Fig. 10. The photoresist nmask is renoved and a
thin oxide | ayer WIS  deposited over tthe surface of the substrate. The
thin oxide | ayerdiRetiethdpmhdabnigatdng apaetpd-oBidptmatalated in Fig.

11, on the S|demalls of the titaniumnitride layer and within smal

openi ngs, as SFRR#CLHPR %Rﬂﬂ%ﬁ%#ﬂﬂll prevent |eakage especially around the
nmetal plug 31. The spacers will_not be shown |n t he subsequent fi gures,

but it should be urRfETEIGRE & Hrshdpsrdptiac gaver overlying a

Referring now to Fi the netal |ayer 52 is deposited over the barrier
metal |ayer 425?'81%‘9?(P1?%T<?Fés§“b'%tf T3 &Mmeen about 3000 and 8000 Angstrons.

This metal |ayer nPgrgfhéjL”@é%’uc‘%ﬁ§é¥%d§ %%.t ges%?%ace|%¥esalaq barrier

first insulating layer;

depositing a second insulating layer overlying said
conducting line;

etching through said second insulating layer to
form contact/via openings to sa;d conducting line;

filling said contact/via openings with metal plugs
wherein said metal plugs form the bottom plate electrode
of said capacitor;

etching into said second insulating layer
surrounding said metal plugs so that said metal plugs
protrude from said second insulating layer wherein a
trench is formed surrounding said metal plugs;

thereafter depositing a capacitor dielectric layer
over the surface of said second insulating layer and
said metal plugs;

depositing a barrier metal layer overlying said
capacitor dielectric layer; and

depositing a metal layer overlying said barrier
metal layer and patterning said metal layer and said

barrier metal layer wherein said metal layer forms the



-8- nmetal layer, 52 and 4 tlvely, are etched away where they are
not covered by a “ﬁi"ﬂ Ei\&?ﬁ to formthe top plate electrode of the
capacitor 58 and a'l An anti-reflective coating (ARC)

| ayer 54 may be dep05|ted bef ore the netal |ayer is patterned.

Figs. 1 through 12 illustrate the method,and resulting capacitor of one
technique in the spirit of .th es vention, |t sho be under st ood
that while { n@PRER H1SE Ehecirode omlﬁ SRR BB RFIRS §898 os o
first |evel S | r..G . e eve t he overal
structure. rﬁ%ékrlcgklonéagaSﬁﬁ?ﬁﬁ%§§§§§xégefﬂggﬁEvsﬁ?FSﬁkPESuIts in the
fabrication of a netal -oxide-netal capacitor. The netal plug process of
the invention is a sinple process, having good step coverage and

uniformty. The PFQCesSHIEH) RediBhPLrAClain 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 electrodes and source and drain

regions and multiple levels of metal interconnections.

4. The method according to Claim 1 wherein said
conducting line comprises the node contact for said

capacitor.

5. The method according to Claim 1 wherein said

conducting line comprises metal.

6. The method according to Claim 1 wherein said

conducting line comprises polysilicon.

7. The method according to Claim 1 wherein said

capacitor dielectric layer comprises undoped silicate



~via or a contact structure. The etching away of a trench around the nmet al

ot o1 - o de-mat ol capaci tor of the precent | nver MBI ||||HJIJ| BB e

with reference to Fig. 12. The netal-oxide-nmetal tagacitol conprlses a
‘metal or polysilicon contact node 20 on flrst i nsul ating | ayer 14

overlying a " sgqicong &f? 8 Ui Cis MR 290° Gl 4800

-9- conprising netal |ng oug a secon I nsul atrng | ayer
24 to contact Aﬁgsgggﬁscontact 20 a capacitor dielectric layer 36
overlying the sefond I nsulating |ayer 24 and netal plugs 30, a barrier
nmetal |ayer 42 overlying the capacitor dielectric |ayer 36, and a netal

| ayer 52 overlying the capacitor dielectric |ayer wherein the netal |ayer

forms the uppeg,efrpet meéso@faé&er&m@cté A1dih A wHERG G Pl ighown,
connected to ground or the I|ike,
metal layer comprises titanium/titanium nitride having a
combined thickness of between about 50 and 600

Angstroms.

9. The method according to Claim 1 wherein said metal
layer comprises AlCu having a thickness of between about

3000 and 8000 Angstroms.

10. A method for fabricating a metal-oxide-metal
capacitor and a metal contact comprising:

providing a first insulating layer overlying a
semiconductor substrate;

forming conducting.lines on the surface of said
first insﬁlating layer;

depositing a second insulating layer overlying said
conducting lines;

etching through said second insulating layer to
form contact/via openings to said conducting lines;

filling said contact/via openings with metal plugs
wherein said metal plugs form the bottom plate electrode

of said capacitor and wherein one of said metal plugs



shoul d be uséd—around—the—capacitor structure as is understood by workers

in the field. pg rstood that insulator |ayer 14 may cover
sem conduct or Hmﬂﬂm,!ﬂﬂ m s, not shown, which may include gate
el’ectrodes, source an eglons and underlying |l evels of netal

I nt er connecti ons. Vhlle t he i nvention has been

particularly shown and described with ggference to the preferred

enbodi nent s EBE&EOEhe!Eo orn1gsﬁegg§r§fchhé%%#rggﬁﬁﬁ%%J led in the art

that various anges in s nay W t hout departing

e e aSFaape kel DEsg’ QNEOM Ohoutacing JerdANS
conpri si ng- surrouRd?hgdea9admbth st pLagy! 8ha %]l BY oty Sa ¥4 Bottom

plate electrode so that said metal plugs that will form
said bottom plate electrode protrude from said second
insulating layer wherein a trench is formed surrounding
said metal plugs éhat will form said bottom plate
electrode;

thereafter depdsiting a capacitor dielectric layer
over the sﬁrface of said second insulating layer and
said metal plugs;

etching away said second insulting layer overlying
said metal plug that will form said bottom portion of
said metal contact;

depositing a barrier metal layer overlying said
capacitor dielectric layer and said bottom portion of
said metal contact;

etching away said barrierhmetal layer adjacent to
said bottom portion of said metal contact;

thereafter depositing a third insulating layer
overlying said barrier metal layer and said bottom
portion of said metal contact;

etching away said third insulating layer to leave
spacers on the sidewalls of said barrier metal layer

adjacent to said bottom portion of said metal contact



sem conduct or substrat e; form ng a conducting |line on the surface of
said first insulating |ayer; depositing a secoﬂwu’ﬁﬂmmﬁlﬂ ”l’mer
overlying said conducting |ine; etching throug

i.Lnsulating layer to formcontact/via openings to said conductlng l'i he;
filling said contact/via openings with netal pl ugs wherein said netal

I f t bot t | at | ectr.qd t chi
Pnto sai d sectrs né’%icit%c%ﬁ?éﬁ pRRIT NS nw%egp Buds So_that
d netal t d t
fﬂanc[\mlg for#%%k%ﬁ%?%r ?\ r%)%ln% alrﬁa zeaagf%otn‘%l%" %ol é’g et Elg:ogs?ti ng

a capacitor qﬁ gfté+ﬁt+g¥erangver the surface of said second insulating
| ayer and sal depositing a barrier netal |ayer

overlying said caa é?‘élﬁ%eéerﬁ:é{éf 1 ‘oilying sAPBHA1RG @ netal

| ayer overlying sal
metal layer and said bottom portion of said metal

contact and patterning said metal layer and said barrier
metal layer wherein said metal layer forms the upper
plate electrode of said capacitor and forms the top
portion of said metal contact completing said

fabrication of said metal-oxide-metal capacitor.

11. The method according to Claim 10 wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source and drain
regions.

12. The method according to Claim 10 wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source and drain

regions and multiple levels of metal interconnections.

13. The method according to Claim 10 wherein one of said
conducting lines comprises the node contact for said
capacitor and another of said conducting lines

comprises a node for said metal contact.



netal |ayer and patterning said netal |ayer and safam barrier nmetal Tayer
wherein said netal layer forns the upper glmﬂmmﬂm
capacitor conpleting said fabrication of said netal [ WH ﬁ pa

*x

2.” The nethod according to Claim1 wherein said sem cSéndlict®r Ssubstr
I ncl udes sem conduct or device structures sugh.as gate el ectrodes and
source and drgih THEGhONFod accorditfy & G iacqor dhegetia Sadigm 1 wher
said sem conductor substrate includes sem conductor device structur
such as gate cbwgicoiles Bives ocomeriayl ta@ln regions and multiple le

of netal
sai d

I nt er connecti ons. 4. The method according to Caim1 wher

15. The method according to Claim 10 wherein said

conducting lines comprise polysilicon.

16. The method according to Claim 10 wherein said
capacitor dielectric'iayer comprises undoped silicate
glass having a thickness of between about 200 and 1500

Angstroms.

17. The method according to Claim 10 wherein said
barrier metal layer comprises titanium/titanium nitride
having a combined thickness of between about 50 and 600

Angstroms.

18. The method according to Claim 10 wherein said metal
layer comprises AlCu having a thickness of between about

3000 and 8000 Angstroms.

19. A metal-oxide-metal capacitor comprising:

a node contact on a first insulating layer
overlying a semiconductor substrate;

a bottom plate electrode comprising metal plugs

extending through a second insulating layer to contact

sai d
citor.
at e

ein
es

vel s
ein



conducting |ine—conprises the node contact for said capacitor. 5. The

met hod accor di ng y [ ! ein said conducting line conprises netal.
6. The net hod aai“ﬂ!mlmjﬂm\ﬂﬂ 1 wherein said conducting |line conprises
pol ysi | i con. »  kheimethod according to Claim1l wherein said capacitor
dielectric layer conprises undoped silicatté -

- 12 - glass huy;kRp i .0of between about 200 and 1500 Angstrons.
8. The net hod g%ébré?ﬁ%bfgkgﬁgﬁﬁll wherein said barrier netal |ayer

conprises titani uny idaiPod diedect@ykNda@der overlying said second
inéulating layer and said metal plugs;
a barrier metal layer overlying said capacitor
dielectric layer; and
a metal layer overlying said barrier metal layer
wherein said metal layer forms the upper electrode of
said capacitor to complete said metal-oxide-metal

capacitor.

20. The device according to Claim 19 wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source and drain

regions.

21. The device according to Claim 19 wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes and source and drain

regions and multiple levels of metal interconnections.

22. The device according to Claim 19 wherein said
capacitor dielectric layer comprises undoped silicate
glass having a thickness of between about 200 and 1500

Angstroms.



conbi ned t hi ckness of between about 50 and 600 Angstr t hod
according to Caiml wherein said netal |ayer conpris @ﬂl‘ﬂ“mﬂﬂﬂg“gﬂ
t hi ckness of between about 3000 and 8000 Angstrons.

fabricating a netal -oxide-netal capacitor and a netal contact conprising:
providing a first insulating | ayer overlying a sem conductor substrate;
form ng conducting lines on the surface df -said first insulating |ayer;
depositing a second insulating |ayer overlying said conducting |ines;
etching through said second insulating |ayer to form contact/via openings

t id ting Filli d t/ ith
motal ol ugetSnnthg: FeEEsh IRTORIA,GS FIAI AS BOFEHPpRaLE ol ootrode  of

said capacifof apg MQEéf'f%§g¥3égmﬁ¥TéL§n¥f¥anRhﬁg%1tan1um nitride

having a combined thickness of between about 50 and 600

Angstroms.

24. The device according to Claim 19 wherein said metal
layer comprises AlCu having a thickness of between about

3000 and 8000 Angstroms.



13- forns the bottom portion of a netal contact; etching into said
second insulating layer surrounding said netal plugs that will formsaid
bottom plate electrode so that said nmetal plugs that will form said
bottom pl ate el ectrode protrude fromsaid second insulating |ayer wherein
a trench is fornmed surrounding said nmetdB plugs that will formsaid bottom

pl ate el ectrode; t hereaf t er xbeg¥FAQT Ng a capacitor dielectric |ayer
over the surface of said second insulating | ayer and said netal plugs;

etching away sai MEBEIRIPERETAL iCABAGITOR (FOB\ANALDG MEVIGES d netal plug that
will formsaid bottomportion of said netal contact; depositing a
barrier netal Rapethodefbyi figbsicatimapaondital-thxaldeindital ayapaaiibsai d
bottom portion of
is described. A first insulating layer is provided overlying
a semiconductor substrate. A conducting line is formed on
the surface of said first insulating layer to act as the node
contact for the capacitor. A second insulating layer is
deposited overlying the conducting line. The second
insulating layer is etched through to form contact or via
cpenings to the éonducting line. The contact/via openings
are filled with metal plugs wherein the metal plugs form the
bottom plate electrode of the capacitor. The second
insulating layer surrounding the metal plugs is etched into
to form a trench for the capacitor. A capacitor dielectric
layer is deposited over the surface of the second insulating
layer and the metal plugs. A barrier metal layer is
deposited errlying the capacitor dielectric layer. A metal
layer is deposited overlying the barrier metal layer and

patterned to form the upper plate electrode of the capacitor

completing the fabrication of a metal-oxide-metal capacitor.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



said metal contact; etching away said barrier netal |ayer adjacent to

said bottom portion of said netal contact; thereafter depositing a
third insulating | ayer overlying said barrier nmetal |ayer and said bottom
portion of said netal contact; etching away said third insulating

| ayer to | eave spacers on the sidewalls of said barrier netal |ayer

adj acent to said bottom portion of said netal contact

- 14 - where said spacers will prevent the formation of a |eakage path
adj acent to said bottom portion of said Wétal contact; and

depositing a netal |ayer overlying said barrier mnetal |layer and said
bottom portion of said netal contact and patterning said netal |ayer and
said barrier netal |ayer wherein said netal |ayer forns the upper
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pl ate el ectrode of said capacitor and forms the top portion of said netal
contact conpleting said fabrication of said netal -oxide-netal capacitor.
11. The method according to Claim 10 wherein said sem conductor substrate
l.ncl udes sem conduct or device structures such as gate el ectrodes and
source and drain regions. 12. The met hod according to C aim 10 wherein
said sem conductor substrate includes sem conductor device structures
such as gate el ectrodes and source and dxr/ain regions and nultiple |evels

of nmetal interconnections. 13. The method according to C aim 10 wherein
one of said conducting lines conprlse he node cont act for said
capacitor3éh ther of said condu I|nes conpri ses ode for aid
nmetal contact. /fjjj:;///
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- 15 - 14. The method according to Claim 10 wherein said conducting |lines
conprise netal. 15. The nmethod according to daim 10 wherein said
conducting lines conprise polysilicon. 16. The method according to Caim
10 wherein said capacitor dielectric |layer conprises undoped silicate

gl ass having a thickness of between about 200 and 1500 Angstrons. 17.
The met hod according to Caim 10 wherein said barrier netal |ayer

conprises titaniumtitaniumnitride havhg&na conbi ned t hi ckness of between

about 50 and 600 Angstrons. 18. The od according to Caim10
wherein said netal |ayer conprises A havi ng a thickness of between
about ( 0 35
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3000 and 8000 Angstrons. 19. A netal -oxi de-netal capacitor conprising:

a node contact on a first insulating |ayer overlying a sem conductor
substrat e; a bottom pl ate el ectrode conprising netal plugs extending
t hrough a second insulating | ayer to contact

- 16 - said node contact; a capacitor dielectric |ayer overlying said
second insulating |ayer and said netal plugs; a barrier netal |ayer
overlying said capacitor dielectric Iayeu;ﬁand a netal |ayer
overlying said barrier nmetal |layer wherein said nmetal |ayer fornms the
upper electrode of said capacitor to Seﬁplete sai d net al - oxi de- net al

capaci tor. '
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20. The device according to Caim219 wherein said sem conductor substrate
I ncl udes sem conductor device structures such as gate el ectrodes and
source and drain regions. 21. The device according to Caim19 wherein
said sem conductor substrate includes sem conductor device structures
such as gate el ectrodes and source and drain regions and nultiple |evels
of netal interconnections. 22. The device according to Claim 19 wherein
said capacitor dielectric |ayer conprioé6 undoped silicate glass having a
t hi ckness of between about 200 and 1500 Angstrons.
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23. The device according to Claim19 wherein said barrier netal |ayer
conprises titaniunmititaniumnitride having a conbined thickness of between

about 50 and 600 Angstrons. 24. The devi ce according to Claim19
wherein said nmetal layer conprises Al Cu having a thickness of between
about 3000 and 8000 Angstrons. .
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