1 0 MAY 2006 METHOD FOR FORM NG A M M ( METAL- | NSULATOR- METAL) CAPACI TOR
‘"TECHNI CAL FI ELD The present witing relates to the fabrication of
integrated circuits. 5 Mre specifically, the present witing pertains to
photol i thography techniques for formng nmetal-insulator-netal (MM
capaci tors. BACKGROUND ART Phat ol ithography techni ques are Jubeqilf @008
fabricating conponents used 10 in integrated circuits, such as

netal -insulator-netal (MM capacitors (referred to al so as

nmetal -internetal -nmetal capacitors). In the photolithography process, a

B cot BT FEALFORMINGE g ET AR A s AT e P r A ARG TG Ocenel 11 ve

| ayer (e.g., photoresist) that has been applied over a netal |ayer. A

st epper holds the 15 pattern mask over the photoresist and projects the
pat t &rffCHMIGALJTIEGDt he photoresist through a lens. The pattern is inprinted
into the photoresist; for exanple, the irradiated regions (e.g., the

regi ons expespeksthr oNding helqtat tetie faﬁﬁﬁédﬁ)or&bfﬁn;&@r&lbh@irbgﬁit@ specific
sol vent known as devel oper. The unexposed portions remain and thus the

pgtt%Bﬁ%}@pé&%éﬁg“ﬁ%dprbgeﬁlhewgm 9&%@& 1®Pédfinog éfnyrt& Afig@ks the metal

orti of the net not nder yirn toreS|st IS

:Qrenr)]\f r?m)ve Bketga —msulgtol?Xn&taF{Ml% ca-{)ggtt ort ion of the mnet aI | ayer not

BACKGROUND ART
PhotolithographyVtechniques are used for fabricating components used

10 in integrated circuits, such as metal-insulator-metal (MIM) capacitors (refe_rred to
also as metal-intermetal-metal capacitors). in the photolithography process, a
pattern mask that defines the size and-shape of a component (e.g., an |
electrode) in one layer of a MIM capacitor is abplied to a photosensiive layer
(e.g., photoresist) that has been applied over a metal layer. A stepper holds the

15 pattern mask over the photoresist and projects the pattern image onto the
photoresist through a lens. The pa‘tte'rn is imprinted into the photoresist; for
example, the irradiated regions (e.g., the regions exposed through the pattern
mask) are soluble in a specific sol.vent known as developer. The unexposed
portions remain and thus the pattern is reproduced in the photoresist on the

20  surface of the metal layer.

The portion of the metal layer not underlying the photoresist is then
removed, usually by etching. The portion of the metal layer not removed will be

in the shape of the component(s) defined by the pattern. This process is




in the shape of the conponent(s) defined by the pattern. This process is 1
1 0 MAY 2006 repeated as needed to build each |ayer of the MM capacitor. A
dielectric layer 1is present to separate the M M capacitor el ectrodes.

Thus, the M Mcapacitor is essentially built-up by form nﬂ(ﬂ? | titude of

5 conmponents in a nunber of |ayers, one layer on top of a . 2Bgcause
the conponents in one |ayer interconnect with conponents in other |ayers,

it is -necessary to ensure that the conponents are accurately positioned
and formed. As conponents. get even smaller, it is necessary to position

and for baek eaer bolhe rtdlme:lapaoﬂt@r ahckalecttio 1@pevent i onal
t echl %fﬂ]%g%g yagﬁttgggjg?ate gﬁl%gnrrent of the stepper and its target in

order to.accuratel geonetries of 0.18 microns and
| esds PEEN %?eﬁ%a%rfbgwé@%@&;gg '%Ftﬁgggsn i norganic anti-reflective

coating (ARC) such as silicon-oxy-nitride (SIiON) to the netal |ayer prior
to a 15 stepper or scanner shot. The inorganic ARC reduces reflection from
the netal layer, allow ng the stepper_or nne redac urately
acquire tireisrtirkSiMapacirds eseantie BHiligip 5%2 f&l@gﬁe?“nﬁﬁv %8 nner) and the
target. In the prior art, the inorganic ARC is not renoved after the

ent$th §$|@ﬁmfé? @@brﬁ)mad&s&mm topraf@notere 43¢43psedhBved by a
§ost Tae ing etch or

components in one layer interconnect with components in other layers, itis

necessary to ensure that the components are accurately positioned and formed.

As components get even smaller, it is necessary to position and form

components to increasingly finer tolerances.

10

Conventional techniques rely on accurate alignment of the stepper and

its target in order to accurately form components. For geometries of 0.18

microns and less, accuracy is improved by applying an inorganic anti-reflective

coating (ARC) such as silicon-oxy-nitride {(SION) to the metal layer prior to a

15 stepper or scanner shot. The inorganic ARC reduces reflection from the metal

layer, allowing the stepper or scanner to more accurately acquire the marks that

are used to align the stepper (o scanner) and the target.

in the prior art, the inorganic ARC is not removed after the stepper or

50  scanner shot because it cannot be easily removed by a post-masking etch or

clean. The inorganic ARC thus remains a part of the MIM capacitor. However,

the presence of the inorganic ARC in the MIM capacitor degrades the electrical

performance of the capacitor. Specifically, the presence of the inorganic ARC




cl ean. The inorganic ARC thus remains a part of the M M capacitor. However,
the presence of the inorganic ARC in the M M capacitor degrades the

el ectrical performance of the capacitor. Specifically, the ﬁresence of the
inorganic ARC 2 1 0 MAY 2006 reduces breakdown vol tage and | HcM&AsHE

| eakage current. For exanple, the breakdown voltage of a 400 Angstrom
silane dioxide dielectric, using SiON as the inorganic ARC | ayer for the
bottom el ectrode of a MM capacitor, ranges from 26-32 volts. 5
Accordingly, what is needed is a nethod and/or systemthat can be used for
fabricating MM capacitors wih inproved el ectricﬂ: erfor ce. For
examsPaUCES biaakdau vaade b ECKERE S Akt FULPRt iRt EXREI 01R that have
hi gher breakdown vol tages and reduced | eakage currents. It is also

desi rfabhkdawn lveltage ab aef?QQ)Aﬁa@trrO@aﬁei@nm dpgdpatielesirs, tsinanwhiQh ashe
variability of these parameters is reduced; that is, it is desirable for

t he npEgfo@ENaARESapér for ek bonomwsbetagte ana Mileakpastoruangas to fal |
within a tighter tol erance band. The present invention provides a novel

sol utfmﬂ é@aé%ﬁ@. needs. 3 1 0 MAY 2006 DI SCLOSURE

5

Accordingly, what is needed is a method and/or system that can be used
for fabricating MIM capacitors with improved electrical performance. For
example, it is desirable to be able to fabricate MIM capacitors that have higher
breakdown voltages and reduced leakage currents. It is also desirable to be

10  able to fabricate MiM capacitors for which the variability of these parameters is
reduced:; that is, it is desirable for the range of values of breakdown voltage and
leakage current to fall within a tighter tolerance band. The present invention

provides a novel solution to these needs.




The present witing provides nethods and systens thereof that can be used
for fabricating MM capacitors with inproved el ectrical performance. For
exanple, the present witing . provides nethods and systens for fabricating
5 M M capacitors that have hi gher breakdown voltages and reduced | eakage
currents. The present witing al so provides nethods and sy t@ ‘Jir
fabricating MM capacitors for which the variability of thes n@& MGers is
reduced;- that is, the range of val ues of breakdown voltage and | eakage .
current falls within a tighter tol erance band. 10 The present enbodi nent

- of thegpteesURmMriting pertains to nethods, and systens thereof, for
formng a netal -insulator-netal (MM capacitor using an organic

anti -1 ef | Gt Yoo 60Rt inbARbydlRgdhba aﬁa%g;;\l;sgdﬁr%fméma%%%%pacitor s

formed fro |"ayer he organlc IS applied, and the second

15 el ectr capacitor..is for om,a second rre Iayer The
or gar e R BTt it R proct BB PeBBhRRaes For
bel i eved that renoval of the organic ARC inproves the perfornance of the

MM expaple, dhe presamt Wrﬁl@gbriﬁa‘iﬁfd@w%’@q}d%@@d systens farNakagaieict or i ncreases
and the |eakage current decreases. 20 According to the present invention,
dif f epmRt chymserothdtardshighengakiovn ABGgenaie redwsbd leakage enbodi ment,

the organic ARC is AR2, and in anot her

currents. The present writing also provides methods and systems for
fabricating MIM capacitors for which the variability of these parameters is
reduced; that is, the range of values of breakdown voltage and leakage current
féils within a tighter tolerance band.

10

The present embodiment of the present writing - pertains to methods,

and systems thereof, for forming a metal-insulator-metal (MI'M) capacitor using
an organic anti-reflective coating (ARC). The first electrode of the MIM capacitor
is formed from a first metat layer. The organic ARC is applied, and the second

15 electrode of the MIM capacitor is formed from a second metal layer. The
organic ARC is then removed using a nominal clean technique. itis
believed that removal of the organic ARC improves the performance of the MIM
capacitor in that the breakdown voltage of the MiM capacitor increases and the

leakage current decreases.

20

According to the presentinvention, different types or brands of organic
ARC can be used. In one embodiment, the organic ARC is AR2, and in another

embodiment, the organic ARC is AR3. These or other types of organic ARC can




enbodi nent, the organic ARC is AR3. These or other types of organic ARC can
4 1 0 MAY 2006 be used interchangeably. In one enbodinent, the first and
second netal layers are aluminum and the dielectric separating the first
and second el ectrodes is either silicon-nitrite or 5 silf M- 2608-nitrite.
In addition, a barrier layer can be disposed between the dielectric and
each of the. first and second netal l|ayers. In one enbodinent, the barrier
| ayers are conprised of Ti-nitrite (TiN). In one enbodi nent of a nethod for
formng a MM capacitor using 10 organic ARC, a |lam nate that includes a

First t al igecond nmetal |ayer separated by a dielectric and
respec Fv%sendaﬁ(ﬁépgﬁg?/%r is received by, for exanple, a stepper. A

portion of the first nmetal |ayer and a portion of the dielectric (as well
as the respective barrier layer) are renoved to formthe first electrode
of the MM capacitor. An organjc ARC is applied to the first electrode 15
and to the ﬂ@r‘?ﬁ%ﬁ“@ﬁ’dt‘ﬂ%ﬂtbgﬁfﬁi and,ss698d plahlaypes aia dimivgral andyer and
the dielectric were renoved. A portion of the second netal |ayer and the
r espectthealicleatrid sapdraljey they frst andwedond diestrodesds sfthendiliebreoitrieder of t he
M M capacitor. The remaining organic ARCis then renoved (e.g., by

cl eani nGlcork@xy}-RitarRot Iesd RGN H DBer Myct IRl O disheEed Pt deh thdV M capaci t or
using organic ARC, a first nmetal layer and a respective barrier |ayer are
deposi t(ﬁgle%ﬂic and each of the first and second metal layers. In one embodiment, the

barrier layers are comprised of Ti-nitrite (TiN).

in one embodiment of a method for forming a MiM capacitor using

10 organic ARC, a laminate that includes a first metal layer and a second metal
layer separated by a dielectric and respective barrier layers is received by, for
example, a stepper. A portion of the first metal Iéyer and a portion of the -
dielectric (as well as the respective barrier layer) are removed to form the first
electrode of the MIM capacitor. An organic ARC is applied to the first electrode

15 and to the portion of the laminate exposed when the first metal layer and the
dielectric were removed. A portion of the second metal layer and the respective
barrier layer are removed to form the second electrode of the MIM capacitor.

The remaining organic ARC is then removed (e.q., by cleaning).

20 in another embodiment of a method for forming a MIM capacitor using
organic ARC, a first metal layer and a respective barrier layer are deposited on
a substrate. A portion of the first metal layer (and the barrier layer) is removed

‘to form the first electrode of the MIM capacitor. The dielectric and a second




a substrate. A portion of the first nmetal layer (and the barrier layer) is
renoved to formthe first electrode of the MM capacitor. The dielectric
“and a second 5 1 0 MAY 2006 netal |ayer (and a respective ba iﬁrYl gr)
are deposited on at least the first electrode- An organic A é a@é i ed
to the resultant lam nate, and a portion of the dielectric, the second
nmetal |ayer and the respective barrier |ayer are renoved to formthe
second el ectrode of the M M capacitor. The remaining 5 organic ARC is then
removed (e.g., by cleaning). In each of the enbodi nents descri bed above,

. or 9a%&g‘f\@){(ﬁ%anélasr@_sb@cti»@midri'iediage'r)cnrretdmpbeit&rhoh@mlaﬂ’St theefitBl r st el ect rode.
to Because e organic ARC is renoved, the performance of the MM

capacitor is impr : ixbe&d L the Reulrakdmate widagerton ¢the M M
capa&’?BVOd?n&ne(ggégﬂa;}l@gtqﬁgBFeakage current decreases. In addition, the

o e dieo. gy arece eianapt aad TR RrRer G AT RIE® Tl or ances. 15

con d wthin tighter tol erances. 15
These and ot her objects and advant ) th S LANAMI on wil |
becongmbvedts farm theasseopsl %‘P‘Hf‘?‘i&r@q&i"ﬁp ?%Peaicﬁé'e‘aﬂqléé r?%‘r aving read the
follow ng detailed description of the preferred enbodi ments which are
14 ushr e ARC idhtherarcnueddeay by clerpinads

in each of the embodiments described above, organic ARC can also be

applied prior to formation of the first electrode.

10 Because the organic ARC is removed, the performance of the MIM

capacitor is improved. Specifically, the breakdown voltage of the MIM capacitor

increases and the leakage current decreases. In addition, the range of values

for breakdown voltage and for leakage cusrent is reduced, so that these

parameters can be controlied within tighter tolerances.
15
These and other objects and advantages of the present invention will

become obvious 1o those of ordinary skill in the art after having read the

following detailed description of the preferred embodiments which are

illustrated in the various drawing figures.



6 1 0 MAY 2006 BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs,
which are incorporated in and forma part of this specification,
“illustrate enbodi ments of the invention and, together with the
description, serve to explain the principles of the inverftil awsy \?/Hﬁ GURE 1
is a side view of one enbodi nrent of an exenplary stepper upon Ich

enbodi nents of the present invention nmay be practiced. FIGURE 2 is a bl ock
di agram of one enbodi nent of a stepper upon 10 which enbodi nents of the
present invention nay be practi | GURES 3A, 3B, 3C, 3D, 3E and 3F

il USRIEFGDESGF%BB@%/%%EHE%QA@&& ss for fabricating a

metal -insulator-metal (MM capacitor in accordance \M.c%@ror% %riq:)odi ment of
the presenthd avemhpanyind BrawicoREwhichsarg IRPTRANACC 18131 Sin a process
for fabricating a MM capacitor in accordance with the proces}s1 of Figures

3A- 3E i Bysthi@e cpibadioheRiEs pf thesinvanton andotpgethelg@nof a process
of dﬁis%ﬁ%ﬁlc%ﬁon,ﬁﬁds g p

for ricating a MM capacitor in accordance with another enbodi nent

of the  P&35RoN, LLIFE14 BRplaih the principles of the invention:

FIGURE 1 is a side view of one embodiment of an exemplary stepper

upon which embodiments of the present invention may be practiced.

FIGURE 2 is a block diagram of one embodiment of a stepper upon

which embodiments of the present invention may be practiced.

10
FIGURES 3A, 38, 3C, 3D, 3E and 3F il.lustrate various stages of a
process for fabricating a metal-insulator-metal (MIM) capacitor in accordance
with one embodiment of the present invention.
15

EIGURE 4 is a flowchart of the steps in a process for fabricating a MiM

‘capacitor in accordance with the process of Figures 3A-3F.

FIGURES 5A, 58, 5C, 5D and 5E illustrate various stages of a process for

20  fabricating a MIM capacitor in accordance with another embodiment of the

present invention.




1 0 MAY 2006 FIGURE 6 is a flowhart of the steps in a process for
fabricating a MM capacitor in accordance wth the process of Figures
5A-5E. FI GURE 7A conpares breakdown voltage for a MM capacitor fabricated
S in accordance with one enbodinent of the present inventiqr) WAYSOS05
breakdown voltage for a MM capacitor fabricated according to the prior
art. FIGURE 7B conpares | eakage current for a M M capacitor fabricated in
accordance with one enbodi mrent of the present invention versus | eakage 10
current for a MM capacitor fabricated accordi ngNJ the pri art. 810
MAY 2006 BESUREDHS RCRVCARRGNEeRRPT IR Prasess ahapaind 2 M 11 now be
made in detail to the preferred enbodi nents of the invention, exanples of
whi cRapaeitdd ihusdcoadatte with ltlee peocagsaoifiiggresrSiwdhigs. Wi le the invention-
wil | ge described in conjunction with the preferred 5 enbodi nents, it wll
be understood that they are not intended to limt the invention to these
enbodi nents. On the contrary, the invention is intended to cover

al Cer nat | vag A0 LGALANSOANIBAN VOGBS, o YN BoichSabahaled wi (i

the spirit Invention as defined by the appended cl ai ns.

Furthernmore, in the foll owing detailed descr.ipti t
i fivenn iaeeordanaeuyyih e %Bgea%?%“e‘o@ttﬁﬁpée%ﬁ 1 \Z@@)@XE&S@%%&A@% Wt?lo provi de a
t hor ough )

vo?tage for a MIM capacitor fabricated according to the prior art.

FIGURE 78 compares leakage current for a MIM capacitor fabricated in
accordance with one embodiment of the present invention versus leakage

10 current for a MIM capacitor fabricated according to the prior art.




understanding of the present invention. However, it will be obvious to one
of ordinary skill in the art that the present invention may be practiced
~without these specific details. In other instances, well-known nethods,

procedures, conponents, and circuits have not been describ¢d} iMpydegmi! so
as not to 15 unnecessarily obscure aspects of the present invention. Sone
portions of the detailed descriptions that follow are presented in terns
of procedures, |ogic blocks, processing, and other synbolic

representations_of operati | lfng netal -insulator-nmetal (MM
20 c&EEET MEPBE W@%@Hé@t%éﬁ@é@b&em ations are the neans used by
those skilled in the art of MM capacitor fggri catinﬁgqu rrﬁe‘st ﬂefectivel y
convey t heRefetdyseavit @monf be meade WodRtal & Jiharadedry 1§ MeRROLTE 1 h the'
present application, a procedure, |ogic block, process, or the like, is

concehy&aslidro dramplaebf whishsirstitutraed i HeAacaD0BARKRASHREINGS- st eps or
I nstructions leading to a desired result. The steps are those requiring

phys i‘&ﬁh? {I@é‘ ‘i@ﬁa’nﬁbh QNG bef dddayiBbaah conmkiibh @4th tsuaiefarrecal t hough  not

neces ese quantities take the formof electrical or magnetic

oohoramagaentat bl Gt DS RRSTE A IR G AP oo Rt P e M M capa

! ( ¢ systemto fabricate a MM capacitor.
R e AR v A et KR
merely ‘ . ‘ -

cover alternatives, modifications and equivalents, which may be included within
the spirit and scope of the invention as defined by the appended claims.
Furthermore, in the following detailed description of the present invention,

10 numerous specific details are set forth in order to provide a thorough
understanding of the present invention. However, it will be obvious to one of
ordinary skill in the art that the present invention may be practiced without th.ese
spegcific details. In. other instances, well-known methods, procedures,

components, and circuits have not been described in detail so as not to

15 unnecessarily obscure aspects of the present invention.

Some portions of the detailed descriptions that follow are presented in
terms of procedures, logic blocks, processing, and other symbolic
representations of operations for fabricating metal-insulator-metal (MIiM)

20  capacitors. These deseriptions and representations are the means used by
those skilled in the art of MIM capacitor fabrication to most effectively convey the
substance of their work to others skilled in the art. In the present application, a

procedure, logic block, process, or the like, is conceived to be a self-consistent




convenient |abels applied to these quantities. Unless specifically stated
10 otherw se as apparent fromthe follow ng discussions, it is appreciated
that throughout the present invention, discussions utilizing terns such as
"applying," "renoving," "formng," "etching," "receiving,'

"y si.ting" or
the like, refer to actions and processes (e.g., processes hé’gmdbéﬂﬁo of
Figures 4 and 6, respectively) of MM capacitor fabrication. 15 Figure 1

shows a-side view of an exenplary stepper 100 upon which enbodi nents of

the present invention rmay be practiced. argd 9 rages descri bed
- her eigequmciesaf@ﬁﬁpﬁeféﬁ‘aﬁt@d"tt%éﬁe? ‘Fﬂg%%éﬁ%rte?g%%?%l it ho;m;phy) t echni ques

can be inplenented using other types of . apparatus, scanner ..
That j9eca@aaringgitysical manipylatieene! WW?&?&%H“{'&’%%?' b@gﬁ(}%ﬁ Zdrlrtgﬁtag!a on
devi ces other than steppers. to 1 0 MAY 2006 In the ag}r@ggent enbodi nment ,

: o : I

st epp descaqidraitics saker ihe fome of elapdigahgr Bl CPENAY pattern
mask ﬁ{)t &ge)(??écﬁaglygza egql ens 128, and a stage. 115. @I’hg@lg\i{vght source 122
projects |ight t e Cohdftacodf compdredgand & iISE24, t hrough the
t r anspapabe ‘3& '&%@%ﬁ’g%ﬁ?t ern on reticle 126, through lens 5 128 and
onto a nmetal layer 133 | oc t agamldapackyr. doi ng so, the pattern
of 5 t henamipileted mz%c?@PPL% rsgé@gégﬂabne%@ g

on the netal layer 133.
it should be borne in mind, however, that all of these and similar terms

are to be associated with the appropriate physical quantities and are merely
convenient labels applied to these quantities. Unless specifically stated

10 otherwise as apparent from the following discussions, itis appreciated that
throughout the present invention, discussions utilizing terms such as “applying,”
“removing," “fom;ing,” “stching,” “receiving,” “depositing” or the like, refer to
actions and processes {€.g., processes 400 and 600 of Figures 4 and 6,

respectively) of MIM capacitor fabrication.

15

Figure 1 shows a side view of- an exemplary steppér 100 upon whigh
embodiments of the present invention may be practiced. Although a stepper is
described herein, it is appreciated that lithography {photolithography)
techniques can be implemented using other types of apparatus, such as a

20 scanner. Thatis, embodiments of the present invention may be implemented

on devices other than steppers.

10




It is‘appreciated that the netal |ayer 133 may reside either directly on a
waf er 130, on a passivation |ayer that has been deposited on the wafer 130,
on 10 another |ayer deposited on the wafer 130, on another conponent or
device built on the wafer 130, or on sone other substrate,r '%h@g on
wafer 130. Figure 2 is a functional block diagramof a sﬂgbﬁ@ﬁ’ upon
whi ch enbodi nents of the present invention may be practiced. As described
above, 15 enbodi nents of the present invention nay be inplenmented on

devi ces ot her than steppers, such W[@géngmmmceﬁéﬁt enbodi nment ,
. stepper 108 thapreshad eéﬂt%qdé@@ng(ﬁge@g%p ed to a stage novenent device 210, a

processor 212, a signal transceiver 204 n SeARd ¥ stdde 13@bstrate 206
is pIaﬁsgingrbléde@m@%p&mmpﬂ@@%%ir‘?'ntﬁ’(??Hzgt gé‘%&%%l’m; substrate 206 is

typi ca silicon wafer. 11 1 0O MAY 2006 Me i rogram
i nst r_:liﬁti.oﬁg%@bq@n‘g,@@bmgiigmhrombéé%@‘%ngéxiém%gzb@ﬁ% ei ther be
ry,

lig

per mahefit such as read only nmenory (ROM, or_tenporary menory,

such as randor&gﬁf@éﬁ%ﬁw YortioRRANa. pataroron M@‘%W!éhé‘&’&iegﬁy ot her type
ap

of neidfythyped e of 5 containing programinstructions, such as a

hard drive, a CD ROM, .or f RGN Erag@e‘s‘sa)rBﬁﬂEif‘éh‘ﬁpvéh?her be an
exkst {26 mo@mqam%%‘é%‘?f 40&1%3 proc)éhsesor unit, or

pattern of the reticle 126 is reproduced on the metal layer 133.

it is appreciated that the metal layer 133 may reside either directly on a

i 0, on
wafer 130, 0on a passivation layer that has been deposited on the wafer 13

ed on the wafer 130, on another component or device buiit

10 another layer deposit

esiding on wafer 130.7

on the wafer 130, oron some other substrate [

ich
Figure 21is @ functional block diagram of a stepper 100 upon whic

i i ibed above,
embodiments of the present invention may be practiced. AS descri

' i ices other
15 embodimenté of the present invention may be impltemented on dev

than steppers, such as scanners.

- | i to
in the present embodiment, stepper 100 includes a stage 208 coupled

06 is placed on stage 208 for processing in stepper

20 memory 214. Substrate 2

101: substrate 206 is typically a silicon waler.

It




m croprocessor, a dedicated digital signal processing ( ) P a dedicated
controller or mcrocontroller. Alternatively, the programinstructions my
be inpl emented using an inplenentation of a state machine. 10 Signal
transcei ver 204 is coupled to processor 212. Signal transcF'DVﬁr @% s a
source of an electromagnetic signal, such as a laser. Additio §Y| .~ signal
transceiver 204 is a receiver for an el ectronagnetic signal, such as the
return signal that is reflected fromsubstrate ezrggy 15tlei gures 3A, 36, 3C,
3D, 3E and 3F illustrate vario irableanant gudRor fabricating a MM
capaci tgenioty 2d 6 OIAHEE WBW%ﬁ%t'%Engodi rreirjlt of the present invention. Wth
reference first to Figure 3A, abstru?[tl#{%t?f@énbﬁ/.,@uchas readli nate) is €ither
formadsggrgf _r%m&%c@@@ﬁ%r E15 oAk lgures 1 and 2 (as 20 descri bed
abRPEe rrbod2| ments of the present invention BSedsabg@pt ed on devi ces
a d8Y a S ) _
ot her than %ﬁ@pﬂrgrtmpbrmwé%. THESYT Géfure 305 is |ocated (sits
ononlyp§f° ér 130 (Figure 1) or substrate 2% qu?érp%b@m_for exanpl e.
12 1 0 MAY 2006 i@ctagiésﬁ'ﬁ@%mmwsemmwm g9%cl tides a first netal
IaXERWZMGﬁ‘OFY? arrier layer 350, a dielectr il\ﬁx Ia{ er. 346, a second
barrier |ayer 352, andct% SE& gﬁta&ﬂdkiayﬂcihﬁio HYt E'sist 340 is
sapRldregining piogeam Wtaf \Cer 342 in a ccor or
: isting system proce
memory. Processor 042 can either be an existing Y _

gitat signal processing (DSP) processor unit, or

microprocessor, @ dedicated di

g p i ‘ a

may
"’ 212. Signal transceiver
Signal transceiver 204 is coupled to processor .
ig |
i . Additionally,
4 i éource of an electromagnetic signal, such as a laser. A .
20415 a
ic si h as the
i i tectrornagnetic signal, suc
i wer 204 is a receiver forane
signal transcetver
return signal that is reflected from substrate 206.
i5

1 ] E 3 . e I

g, a
ith reference first 10 Figure 3A, @ structure 305 (e.g

resent invention. W
p by stepper 100 of Figures 1 and 2 (as

ived
{aminate) is either formed on Of receive

. . d
ents of the present invention may be implemente

20 described above, embodim | e
than steppers such as scanners). 1he structure
ef '

on devices oth
) or substrate 206 (Figure 2), for example.

(sits on top of) wafer 130 (Figure 1
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particul ar pattern using a known photolithography techni que, such as that 5
illustrated by Figure 1. In the present enbodinent, the first netal |ayer
342 and the second netal |ayer 344 are conprised of alum hum the
dielectric layer 346 is conprised of a high-k dielectric sidh My 8fi0pi con
nitrite or silicon-oxy-nitrite, and the first barrier layer 350 and the
second barrier layer 352 are conprised of Ti-nitrite (TiN). However, it is
appreciated that these elenments nay be made of 10 other types of

materials. Wth reference to Figure 3B, a known etching process is used to
renove t Ha tipisrarnbadingtf struntuneedQl inchides @it (eitydayerdag2, afiisst barri er

| ayer 350 and dielectric |ayer 346 that are not underlying photoresist 340

(Fi 9WRridPMayel B8O, Aslicldbtricraydd 346;rbostiomibarrithiayet 6B2nan@rocess renoves
material up to second barrier layer 352 to formfirst electrode 360 with

under] yl i Igiqer : ! i : W W th
referégﬁgggt%é@gaa% Sgé ?*\cﬁgﬁ%ﬁ ar??g%\?/lpg %&¥(ﬁg&gp§§ﬁ?9é5§£§nﬁ% i ment of the

Fi v sastiedef BoBauSEa ioPh eholflHabr R sbou s 8P, S he” o '
surfaces of second barrier |ayer 352) that are ex#‘f%selﬁl by the etching

pbocdbustrated dydrighra ¢ ARtepEsephembgainery. hedirsbmeta i #8A&m t he

structure 315, 13 1 0 MAY 2006 allowi ng the stepper 100 (Figures 1 and 2)
t o nthe sswondanelay lawyiiddearergomprised of aluminum, the dielectric layer 346

is comprised of a high-k dielectric such as silicon nitrite or silicon-oxy-nitrite,
and the first barrier layer 350 and the second barrier fayer 352 are comprised of
Ti-nitrite (TiN). However, it is appreciated that these elements may be made of

10 other types of materials.

With reference to Figure 3B, a known etching process is used to remove
the portions of first meial layer 342 (Figure 3A), first barrier layer 350 and
dielectric layer 346 —that are not undetlying photoresist 340 {Figure 3A). Thatis,

15 in this embodiment, the etching process removes material up to second barrier
layer 352 to form first electrode 360 with underlying first barrier layer 350 and

dielectric layer 346.

Now with reference to Figure 3C, in accordance with the present
20  embodiment of the present invention, organic anti-reflective coating (ARC) 370
is apptied to first electrode 360 and to the surfaces of structure 315 (e.g., the
surfaces of second barrier layer 352) that are exposed by the etching process.

The organic ARC 370 functions to reduce reflection from the structure 315,

13




mar ks that are used to align the stepper 100 and the target (e.g.,
structure 315). Accordingly, the conponents that nake up the finished M M
capacitor will be accurately positioned and formed. 5 Accordlng to the
present invention, different types or brands of organic L& q@ pe used.
One factor to consider when selecting an organic ARC to used'is the

t hi ckness to be applied, which in turn is dependent on the opti mum process
conditions associated with the |lithography (e.g., photolithography) 10

t echni que bei ng enpl oyed. In one enbodi nent, the organic ARC 370 is AR2,

d j ther t
o or ganl A RENETRARIF IO (AR AR 2 T oflfis aé?ﬂ?%t“’%ﬁﬁs?;nﬁe “on the
factors descr,i ed abo refe nce ext t t t
320 1o Egk e Bood B e Vo TR MR RUE Bt a5 Ccecs ™
used to renove the portions of second rret aI er 342 (Figure 3D) and
second Beeprdingly dpecogppnents that eaystup @ﬁd@%@ﬁ%@"’ﬂﬁ@@@ﬁé@%ﬂ bg840 (Figure

3D). That is, in this enbodinent, the etching process renoves material up
to the aod@trdtglyrp@skiohedraatieformeﬂorm second 20 el ectrode 362. A conponent
380 also forned in the etching process is shown. Now with reference to
Figu¢e 3F, structure 330 conprising a MM capacitor and other conponents is
shown. The second el ectrode 362 is 14

According to the present invention, different types or brands of organic
ARC can be used. One factor to consider when selecting an organic ARC to be
used is the thickness to be applied, which in turn is dependent on the optimum
process conditions associated with the lithography (e.g., photolithography)
10 technique being employed. In one embodiment, the organic ARC 370 is AR2,
and in another embodiment, the organic ARC 370 is AR3. These or other types
of organic ARC can be used interchangeably depending, for instance, on the

factors described above.

15 | With reference next to Figure 3D, photoresist 340 is applied to structure
320. In Figure 3E, a known etching process is used to remove the portions of
second metal layer 342 (Figure 3D) and second barrier layer 352 that are not
underlying photoresist 340 (Figure 3D). That is, in this embodiment, the etching
process removes material up to the underlying substrate to form second

20 electrode 362. A component 380 also formed in the etching process is shown.

Now with reference to Figure 3F, structure 330 comprising a MIiM

capacitor and other components is shown. The second electrode 362 is

14




1 0 MAY 2006 coupled to |ine 382a through region 390 by via 384a, first
electrode 360 is simlarly coupled to line 382b by via 384b, and conponent
380 is coupled to line 382c by via 384c. Region 390 may an&r{(z@ seposi ted
|l ow-k material such as silicon-dioxide (SiQ2), SOG (spin’on é Q , USG
(undoped spin on glass), or 5 other types of material used in the _
fabrication of MMcapacitors. Significantly, in accordance with the
present invention, organic ARC 370 is renoved using, for exanple, a known
nom nal cl eaning technique. As a result, the MM capacjt fabricated in
accor d&RuBles torlinendSsn QEQHthrﬁg'@ﬁﬁigg Y12 #5é&. fist %?‘?{{f{ﬂdﬁo:?é(?ég ARC, thereby
improving the electrical performance of the M M capacitor. Specifically,

i n acceiddadecoiplad todnpragdonby viavaibi end comm@gov@ppag@ ® increased-
and | eakage current is decreased. Furthernore, the variation in these

par ametiiges3gx hediacisiic. t Ragions3g inay rcangeisefdepoaitoe fovedsmatatatdusht h t hese
paraneters fits within a tighter tolerance. For 15 exanple, the breakdown

vol taged gficdh MIBFLRE) S, MobABICH SRsaL LBdlUdas fed Yin dif GRS, dinvent i on

increases 1o It i's appreciated that, in another enbodi nent,

organi c 370 can.,b i LI I 342 of Figure 3A
prior t%ﬁ?&yﬁpﬁ&?ma}tgﬁalelfs%ﬁlpgg%ga%g%aﬁ%ogﬁ”%%&?ﬂéﬁérg; and then renoved
(cleaned). Figure 4 is a flowhart of the steps in a process 400 for
fabricating a MM capacitor in accordance with the process of Figures
3A-3F. In step 410, a

‘Significantly, in accordance with the present invention, organic ARC 370

is removed using, for example, a known nominal cleaning technique. As a
result, the MIM capacitor fabricated in accordance with the present invention

10 - does not incorporate ARC, thereby improving the electrical performance of the
MIM capacitor. Specifically, in accordance with the present invention,
breakdow:n voltage is increased and Ieakage current is decreased.
Furthermore, the variation in these parameters is reduced; that is, the range of
values associated with these parameters fits within a tighter tolerance. For

15 example, the breakdown voltage for a MiM capacitor fabricated according to the

present invention increases to 40-43 volts.

It is appreciated that, in another embodiment, organic ARC 370 can be
applied to first metal layer 342 of Figure 3A, prior to forming first electrode 360

20  of Figure 3B, and then removed (cleaned).

Figure 4 is a flowchart of the steps in a process 400 for fabricating a MM

capacitor in accordance with the process of Figures 3A-3F. In step 410, a

15




15 1 0 MAY 2006 | am nate such as structure 305 of Figure 3A is received by,
or fornmed on, stepper 100 (Figures 1 and 2). A photoresist 340 is applied

to the laminate. In step 420 of Figure 4, with reference to Figures 3A and
3B, afirst 5 electrode 360 is formed by renoving at | east ﬁ Hﬂgtr?ﬂg[?

the material not underlying photoresist 340. In one enbodl t gani c
ARC (e.g., organic ARC 370 of Figure 3C) is applied to flrst netal | ayer

342 prior .to forpation | ect,yode 360. 430 of Figure 4,
2 kel S Sl B8 S R0, WS 950,00, LS
first electrode 360 as mell as to the surfaces of structures 315 and 320
that westeppgpoeed-igHeas 1iansgt2lel A Phodresisb840ds applietkty the lamimate420. 15 In -
step 440 of Figure 4, with reference to Figure 3E, second electrode 362 is

formed by renoving the material not underlying photoresist 340 of Figure
3D. In step 450 of Figure 4, in accordance with the present invention, the

20 organic Aﬁ%@a&z@%fgug@@ aBvaéef@Eandeszorﬁg@r\é@%AJﬁha% hairsexanpl e, a
nom nal cl eani ng techni que. 16 0 MAY 200
5 electrode 360 is formed by removing at least a portion of the material not
underlying photoresist 340. In one embodiment, an organic ARC (e.g., organic

ARC 370 of Figure 3C) is applied to first metal layer 342 prior to formation of first

electrode 360.

10 In step 430 of Figure 4, with reference also to Figures 3C and 3D, organic
ARC 370 is applied to first electrode 360 as well as to the surfaces of structures
315 and 320 that were exposed when first electrode 360 was formed in step

420.

15 In step 440 of Figure 4, with reference to Figure 3E, second electrode
362 is formed by removing the material not underlying photoresist 340 of Figure

3D.
In step 450 of Figure 4, in accordance with the present invention, the

20  organic ARC 370 (Figures 3C and 3D) is removed using, for example, a

nominal cleaning technique.

- 16




Figures 5A, 513, 5C, 5D and 5E illustrate various stages of a process for
fabricating a M M capacitor in accordance w th anot her enbodi nent of the
present invention. This enbodinment differs fromthe enbodi Lrgn A?fz[’ﬁiﬁgures
3A- 3F in the order in which the el ectrodes of the MM capacitor are
formed. 5 Relatively speaking, in the process of Figures 3A-3F, the first
electrode is forned fromthe top netal |ayer, while in the process of
Figures 5A-5E, the first electrode is forned fromthe bottom netal |ayer.
W th referencEigueriSdus8, 54, Shhand Silustete verdusistagas of a fdroceds foet al 10

| ayer 542 and a first barrier |ayer 550 are deposited on sone type of

subst r at @briedlingAs MiRseipdeitdr imacompiamss wWith anbiher Bnibdiménpbowe, substrate.
545 may be a wafer 130, a passivation |layer that has been deposited on the

waf er 1 pedg,r@{g%&ﬁﬁiobﬁ%i@%rﬂtﬁ*ﬁrﬁeﬂf&ﬁé?lstlg&n‘?ﬁ‘e bﬂ?oo%ﬁﬁtaﬁq ufdko% her

conmponen evi ce ilt on the water 130, or sone other tyge of“'Substrate

r esi di ng,,Qn fer ,130. ot oresi.st 0 J,s,appli.ed to first metal |ayer
542 in aBEA?}tIt\ﬁ%lﬂrg?r '86??'%@? Eﬁe %ge'cﬁrédgs QE@\W%S@@??@%@?&%FW “echni que, such
as that illustrated by Figure 1. In the present enbodinment, the first

net alS | aljetatiyedy ﬁ@e%%r'ﬂg% PepcansURHfaHTeS 3Andf tthe firstralectideriser | ayer 550
is conprised of Ti-nitrite (TiN). However, it is 20 appreci ated that these
el ement sfarmedFromatie top roetablayey,pekiledn theprceas of Figloes bAFSHT, dhedirstext to
Figure 5B, a known etching process is used to renpve the portions of first

met al | agRictAie icFognad frofy thansbttarh Shethidayérer | ayer

With reference to Figure 5A, in the present embodiment, a first metal
10 layer 542 and a first barrier layer 550 are deposited on some type of substrate
545. As described in conjunction with Figure 1 above, substrate 545 may be a
wafer 130, a passivation [ayér that has been deposited on the wafer 130,
another type of layer deposifed on the wafer 150, another component or device
built on the wafer 130, or some other type of substrate residing on wafer 130.
15
Photoresist 540 is applied to first metal layer 542 in a particular pattern
using a known photolithography technique, such as that illustrated by Figure 1.
In the present embodiment, the first metal layer 542 is comprised of aluminum,
and the first barrier layer 550 is comprised of Ti-nitrite (TiN). However, it is

20  appreciated that these elements may be made of other types of materials.

With reference-next to Figure 5B, a known etching process is used to

remove the portions of first metal layer 542 (Figure 5A) and first barrier layer

i7




17 1 0 MAY 2006 550 that are not underlying photoresist 540 (Figure 5A).
That is, in this enbodinent, the etching process renoves tﬁ@%gﬂ pto
substrate 545 to form first electrode 560. Another conponeht p rmed in
the etching process is also showmn. 5 Noww th reference to Figure 5C a
dielectric layer 546 is deposited over first barrier |ayer 550 (first

el ectrode 560 and conponent 580), a second barrier |ayer 552 is deposited
over dielectric |ayer 546, and a second netal |ayer 544 is deposited over
secorgblotivat izes nbayederhidy phatossxistr ovetsn)t hapiesetMis 10 enbodi ment  of
the present invention, organic anti-reflective coating (ARC) 570 is

app! iibb@nsRAOME SBhRAY Jro¥eis BfbyeRRARKSHHS o éﬁ%é.ia%e ahs %o &R lied to

structure 515. The organic ARC 570 functions to reduce re ion fromthe

cour BCRsotRaR e AT e ot 3BA Tl i bfiRo peSeber 100 and the

target%(éebg., structure 515). Accordingly, the conponents that make up the
fini Qs Mcapacitor will be accurately positioned and forned. In one
enbodi ment, the organic ARC 570 is AR2, and in another enbodi nent, the
ofgani ¢ ARC 570 is AR3. 20

Now with reference to Figure 5C, a dielectric layer 546 is deposited over
first barrier layer 550 (first electrode 560 and component 580), a second barrier
layer 552 is- deposited over dielectric layer 546, and a second metal layer 544 is
deposited over second barrier layer §52. In accordance with the present

10  embodiment of the present invention, org'anic anti-reflective coating (ARC) 570
is applied to second metal layer 544. Photoresist 540 is also applied to

structure 515.

The organic ARC 570 functions to reduce reflection from the structure
15 515, allowing the stepper 100 (Figures 1 and 2) to more accurately acquire the
marks that are used to align the stepper 100 and the target- (e.g., structure 515).
Accordingly, the components that make up the finished MiM capacitor will be
accurately positioned and formed. In one embodiment, the organic ARC 570 is
AR2, and in another embodiment, the organic ARC 570 is AR3.
20
In Figure 5D, a known efching process is used to remO\-/e the portions of
second metal layer 544 (Figure 5C), second barrier layer 552, and dielectric

layer 546 that are not underlying photoresist 540 {Figure 5C). That is, in this




In Figure 5D, a known etching process is used to renove the portions of
second netal |ayer 544 (Figure 5C), second barrier |layer 552, and
dielectric |ayer 546 that are not underlying photoresist 540 (Figure 5C).
That is, inthis 18 1 0 MAY 2006 enbodi nent, the etching pﬁgcme@ggoves
material up to the underlying first barrier layer 550 to

el ectrode 562. Second el ectrode 562 is separated fromfirst el ectrode 560
by second barrier a‘yﬁ 552, dielectric layer 546, and first barrier |ayer
550. 3m@PpgHimeatia giching RICESFERTBRVEH W‘Q%Uﬁrt%%tﬂﬂ(j@‘&m #i8t organic ARC
570 is renoved using, for exanple, a known nom nal cleaning technique. As
a resarier {ayer¥is0 lodpasisecend afgaticglediba. nSacont dectredei 462 ishe pr esent

i nvention does not ‘incorporate ARC, thereby inproving the electrical

per f orggpRaatef frohefitDeltibeaBaoityosecorpesifibcrlby 552 Ndisketicipnee W th the
present invention, breakdown voltage is increased and | eakage current is

decr eaggd. and:Hfstt@)‘éH%?rl%ertdB@) variation in these paraneters is reduced; that

is, the range of ues associated with these paraneters fits within a

hter tolerance. 15 Now with reference to Figure 5E, structure 525
co%'pri sing a MM capacitor and other conponents is.shown. The second
el ectrode 562 i.s coupl ed t(? | i ne, 582b t hrough regi on 590 by via 584D,
first el ect PiHdficandy; :gn accordance with the present lnventton organic A(¥\C 570

is removed using, for example, a known nominal cleaning technique. As a
‘ result, the MIM capacitor fabricated in accordance with the present invention
does not incorporate ARC, thereby improving the electrica!l performance of the
10  MIM capacitor. Specificé!iy, in accordance with the present invention,
breakdown voltage is increased and leakage current is decreased.
Furthermore, the variation in these parameters is reduced; that is, the range of

values associated with these parameters fits within a tighter tolerance.

15 Now with reference to Figure 5E, structure 525 comprising a MIM
capacitor and other components is shown. The second electrode 562 is
coupled to line 582b through region 590 by via 584b, first electrode 560 is
similarly coupled to fine 582a by via 584a, and component 580 is coupled to
line 582¢ by via 584c. Region 590 may comprise deposited material such as

20 SiO, or other types of low-k materials used in the fabrication of an inter-metal

dielectric layer (IMD).

19




simlarly coupled to |ine 582a by via 584a, and conponent 580 is coupled to
| ine 582c by via 584¢. Region 590 may conprise deposited nmaterial such as
20 Si2 or other types of lowk materials used in the fabrication of an

inter-nmetal dielectric layer (IMD). 19 1 O MAY 2006 It is gq?w ?é@d
that, in another enbodi ment, organic ARC 570 can be applie a nmet al

| ayer 542 of Figure 5A, prior to formng first electrode 560 of Figure
513, and then renoved (cleaned). 5 Figure 6 is a flowhart of the steps in
" a process 609 anpregiatad Bat.iingnethangmbegimant. RrappicAidefdea beth t he
process of Figures 5A-5E. In step 610, with reference also to Figure 5A,
first apptied td &yt mddPlaysr Gdpad ifigtedh, preubs foratieg fitd Bledtmmdert&tenbodi ment .,
first barrier layer 550 is also deposited on first nmetal |ayer 542. A

phot Ob?FiiF@ireW Arfel BlesredRde@ledHed)n step 620 of Figure 6, with reference
also to Figure 513, a first electrode 560 is formed by renoving the

material (the portion of first netal |ayer 542) not underlying photoresi st
540. In one enbodi nent, an organic ARC (e.g., organic ARC 570 of Figure

ol Bet 7 oo Sured oot TaRaN 21 aS Kon T2 WhBonaf I SEP i e ML or pea
In step 630 of Figure 6, with reference also to Figure 5C, a dielectric
| ayer capacitor in accordance with the process of Figures 5A-5E. In step 610, with
reference also to Figure 5A, first metal layer 542 is deposited on a substrate
545. in one embodiment, first barrier layer 550 is also deposited on first metal
layer 542. A photoresist 540 is also applied.
10
In step 620 of Figure 6, with reference also to Figure 5B, a first electrode
560 is formed by removing the material (the portion of first metal layer 542) not
underlying photoresist 540. In one embodiment, an organic ARC (e.g., organic

ARC 570 of Figure 5C) is applied to first metal layer 542 prior to formation of first

15 electrode 560. Other components such as component 580 can also be formed.

In step 630 of Figure 6, with reference also to Figure 5C, a dielectric layer
546 and a second metal layer 544 are deposited to form a laminate such as
structure 515. In one embodiment, a second barrier layer 552 is also deposited

20 between second metal layer 544 and dielectric layer 546.




546 and a second netal |ayer 544 are deposited to forma |am nate such as
structure 515. In one enbodi nent, a second barrier layer 552 is al so
deposited 20 between second netal |ayer 544 and dielectric.l 2

MAY 2006 In step 640 of Figure 6, with reference again to &Hgﬁﬁ@f
accordance wth the present invention, organic ARC 570 is applied. A
photoresist 540 is then also applied. 5 In step 650 of Figure 6, with
reference to Figure 5D as well, second electrode 562 is formed by renoving
t he mat eri b stepeb4d) of piguté 6nwithfefsermedagaieta@Figuny &C, 54 4ccerizond barri er

| ayer 552, and dielectric |ayer 546) not underlying photoresist 540

(Fi gugen 36 prdéertineditiond 6fyaiic KROUSEO 6 at&lle@CQ@bﬁ@m@sM thotide present .
invention, the organic ARC 570 (Figure 5 is renoved using, for exanpl e

a no I g technique. Figures 7A and 7B conpares breakdown vol t age
and @%&a%‘gscwggt 15 respectively, for a MM capacitor fabricated in
accordance with one enbodi nent of the present invention versus a MM
capacitor fabricated according to the prior art. Figure 7A shows that the
breakdown voltage for a M M capacitor fabricated in accordance with the
pbesent i nledEPdbQ Acriguses, wﬁ@ refgrapsedotfigwel 3P esnyglbiseeanenen the organic
ARC is renoved. Figure 7B shows that the | eakage 20 current for a MM
capacelectrotiatfiizZciatfedned byoeodigctbe wnateritse(eqy. epentivns ¥ eatomsh

metal layer 544, second barrier layer 552, and dielectric layer 546) not

underlying photoresist 540 (Figure 5C).

10 In step 660 of Figure 6, in accordance with the present invention, the
organic ARC 570 (Figure 5C) is removed using, for example, a nominal

cleaning technique.

Figures 7A and 7B compares breakdown voltage and leakage current,

15 respectively, for a MIM capacitor fabricated in accordance with one embodiment
bf the present invention versus a MIM capacitor fabricated according to the prior
art. Figure 7A shows that the breakdown voltage for a MIM capacitor fabricated
in accordance with the present invention increases and is more tightly
controlled when the organic ARC is removed. Figure 7B shows that the leakage

20 current for a MIM capacitor fabricated in accordance with thé present invention

can decrease and is more tightly controlied when the organié ARC is removed.

21




can decrease and is nore tightly controlled when the organic ARCis
renoved. 21 1 0O MAY 2006 The present witing thus provides nethods and
systenms thereof that can be used for fabricating MM capaci QoMaywWigh

i nproved el ectrical perfornmance. For exanple, M M capacitors fabricated
according to the present witing . have higher breakdown vol tages and
reduced | eakage currents, and 5 these paraneters can al so be controlled

within a tjghter tol erance band. The preferred, enbodi nent of the present
Wit g mEPRGEI VHRRS mdlds PIRGHetiads, and Syaiams Theserthab. Whi 16 t he
present witing has been described in particular enbodinents, it should be
appr eearabedisaitaior fatwiceting MM tapagitars mithdmpudeechelectiisatonstrued as |inmited
by such enbodi nents, but rather construed according to the follow ng

cl ai nperf@@ndnde. MRt &iifiplel MIMScdpachorsefabedatet doabrdiegtd 0@ mresent
metal -insulator-netal (MM capacitor, said nmethod conprising the steps

of : ajyrfiiggel Hake rﬁgﬁér%l@%kéoﬁﬁmé!thé%é‘ﬁnhﬂe%(?&f Ie%khgé%hrr@ﬁfsahnhayer’ a

first barrier layer, a dielectric layer, a second barrier fayér, and a

on t o) i -1 QN Of, [ i petal |ayer, a
oY ti tgwggf ;?%rgfr@f%srcsatn Ig%)ﬁfg;(r%ﬂﬂ)il@d%fﬂlh %q:g?\te!st%'leqaﬁéé Bﬁnd.
The preferred embodiment of the present  writing, method for forming a

MIM capacitor, is thus described. While the present writing has been
described in particular embodiments, it should be appreciated that the present
10 writing should not be construed as limited by such embodiments, but rather

construed according to the following claims.
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| ayer, and a portion of said dielectric layer to forma first el ectrode of
said MM capacitor, leaving a portion of said second barrier |ayer
exposed; c) applying an anti-reflective coating (ARC) to said first
el ectrode and to said portion of said second barrier Iayer1 hﬁg\ i@u
exposed, wherein said ARCis an organic ARC, d) renoving & go T li‘)f sai d
second barrier layer and a portion of said second netal layer to forma
second el ectrode of said MM capacitor; and a) renoving organic ARC
remai ni né:l-eﬁ“ said step d) is perfornmed. 2. A nethod of fabricating a
metal -insulator-netal (MM capacitor, said nmethod conprising the steps
of: a) depositing a first nmetal |ayer on a substrate and a first barrier
| ayer on said firdt nmefdnethadef falsicatiegrevnelg-spiaterdatabtMBdl d first netal
| ayer and a first barrier layer to forma first electrode of said MM
capaci t orcapagitadepd nathad aonhpebiegting stdpaydr on a renmi ning portion of said
first barrier |layer and an exposed area of said substrate; 23 1 0 MAY 2006
d) depositingad reesioing dantingte doelsirgninsader alfisdt eadtalilaydraydirst e)
depositing a second netal layer on said second barrier |ayer, -dielectric
layer t o pfidPiaydrafddé@ic layer, a second barrier layer, and a second metal layer;
b} removing a portion of said first metal layer, a portion of said first barrier
layer, and a portion of said dielectric layer to form a first electrode of said MIM
capacitor, leaving a portion of said second barrier layer exposed,
c) applying an anti-reflective coating (ARC) to said first electrode and to
said portion of said second barrier layer that is exposed, wherein said ARC is an
organic ARC;
d) removing a portion of said second barrier layer and a portion of said
second metal layer to form a second electrode of said MIM capacitor; and

a) removing organic ARC remaining after said step d} is performed.

2. A method of fabricating a metal-insulator-metal (MiM) capacitor,
said method comprising the steps of:

a) depositing a first metal layer on a substrate and a first barrier layer on
said first metal layer;

b) removing a portion of said first metal layer and a first batrier layer to
form a first electrode of said MIM capacitor,

¢) depositing a dielectric layer on a remaining portion of said first barrier

layer and an exposed area of said substrate;
23




f) applying an anti-reflective coating (ARC) to said second netal |ayer,
wherein said ARCis an organic ARC, g) renoving a portion of said
dielectric layer, said second barrier layer, and said seqqp | ayer
to forma second el ectrode of said MM and h) renoving orgam C K

remai ning after said step g) is perforned. 3. The nethod as recited in
CGaim1l further conprising the step of: applying an organic ARC to said
llaminate prior to step b). 4. The nmethod as recited in daiml, or 2
wherein sai d &9 @RROSIHINEE pecongbarder laper oresaediolectFieldeed in daim 1, or 2
wherein said ARCis AR3. 6. The nethod as recited in Cdaim1l or 2 _V\,herein
sai d first metedl dépppding aasecassl metab lyatiomsaigl sacape bagier layarprdieleetrief

al umi num and said first barrier |ayer and said second barrier |ayer are
conpr i sedawdr td forint aildreing®é;N), and wherein said dielectric |ayer conprises
a dielectric selected fromthe group consisting of silicon-nitrite and

si |'i con- oxy- ni f)rpbRingdn anf-r&fRS¢tike@bating (ARC Nt datdl secorideitabthyien, Claim 1
wherein said step b) and said step d) further conprise the steps of:

appl yi ng a phofiirepi stid ARGARI gh bBhikadR¢e; and renoving portions of said
| am nat e not underlying said photoresist.
g) removing a portion of said dielectric layer, said second barrier layer,
and said second metal layer to form a second electrode of said MIM; and

h) removing organic ARC remaining after said step g) is performed.

3. The method as recited in Claim 1 further comprising the step of:

applying an organic ARC to said laminate prior to step b).

4. The method as recited in Claim 1, or 2 wherein said organic ARC is

AR2.
5. The method as recited in Claim 1, or 2 wherein said ARC is AR3.

6. The method as recited in Claim 1 or 2 wherein said first metal layer
and said second metal layer are comprised of aluminum and said first barrier
layer and said second barrier layer are comprised of T-nitrite (TiN), and wherein
said dielectric layer comprises a dielectric selected from the group consisting of

silicon-nitrite and silicon-oxy-nitrite.
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8. The method as recited in Caim2 further conprising the step of:
applying an organic ARC to said first netal |ayer prior to said step b). 9.
The nethod as recited in Claim1 wherein said step b) and said step e)

further conprise the steps of: applying a photoresist to $di {A¥atflbate; and
renoving portions of said first netal |ayer and of said second netal |ayer
not underlying said photoresist. 25

7. The method as recited in Claim1 wherein said step b) and said step
d) further comprise the steps of:
applying a photoresist to said laminate; and

removing portions of said laminate not underlying said photoresist.

8. The method as recited in Claim 2 further comprising the step of:

applying an organic ARC to said first metal layer prior to said step b).

9. The method as recited in Claim 1 wherein said step b} and said

step e) further comprise the steps of:
applying a photoresist to said laminate; and
removing portions of said first metal layer and of said second metal layer

not underlying said photoresist.
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