; e3e6~L"6T6\ kU METHOD FOR FORM NG A M M ( METAL- | NSULATOR- METAL) CAPACI TOR
TECHNI CAL FI ELD The present witing relates to the fabricati

integrated circuits. 5 Mire specifically, the present witi n\mm“mmwmmmmo
phot ol i t hogr aphy techniques for forming netal -insul ator-netal (My)soe
capaci tors. BACKGROUND ART Photolithography techni ques are used for
fabricating conponents used 10 in integrated circuits, such as

netal -i nsulator-netal (MM capacitors (referred to al so as

nmetal -internetal -nmetal capacitors). In the photolithography process, a
pattern nETHOBFORFORMINGA KiMMETALSINGLE ATOR-MBTADCAPACITQR, an

el ectrode) in one layer of a MMcapacitor is applied to a photosensitive
| ayer (e.g.) photoresist) that has been applied over a netal |ayer. A

st epper PebHfNIEAE BigLpatt ern mask over the photoresist and projects the
pattern 1 nmage onto p?e phot oresi st through a I ens. The pattern is inprinted

into the phot eS|st for. exa ate i ons ) the

regi ons expos PFﬁS&Uth{'H%Qp ?@Fﬁoﬁﬁ%t@brﬁﬁ g Wﬁéa‘eﬁ cér(cgggm fic sol vent
known as devel oper. The unexposed portions remain and thus the pattern is
r.epr ducare ﬁpeﬁ@caﬂyothﬁ prgsent owrltlme pertains faphotofithagsaptst technigyes. The
portion of the netal |ayer not underlying the photoresist is then renoved)
usual |y foy fetcingmgetafinsulptortrmetal (MiMbheapaeitads. | ayer not renmoved will be in
tthe shape of the conponents) defined by the pattern. This process is
*@00002* repeated as needed to build each | ayer of the M M capacitor. A
dielectric layer is present to separate the M M capacitor el ectrodes. Thus,
the MM } i sentially built-up by forming a nultitude of 5
corrponen@g %%Nrgérﬁ%of | ayers, one l|layer on top of another. Because the
conponent s in ne | ayer i connect Wt nts in other layers, it is
necessary to Eﬁ@tﬂ" thography; ﬁ@ﬁﬁ'SHﬁ%ﬁéﬁ]%e‘gm?g@&ﬁ'&QéW“Wﬁ and
formed. As conponents get even snaller, is necessary to position and

f or ni(c onimointegrataduwcitcuils,cuchras metalmlatm metaawdﬂ\/l) ¢apacitors (referred 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 applied to a photosensiiive 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 pattern is imprinted into the photoresist; for
example, the irradiated regions (e.g., the regions exposed through the pattern
mask) are soluble in a specific solvent 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

| LR

*G00002*



Conventional techniques rely on accurate alignment of the stepper and - _
its target in order to accurately form conponents. For geometries of 0.18
m crons and | ess) accuracy is inproved 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 fromthe netal |ayer, allowng the stepper or scanner to
nore accurately acquire the marks that are used to align the stepper (or
scanner) and the target. In the prior art. the inorganic ARCis not renoved
after trepeateshazpeededty buildeach layeriof tae MIMcanacitanndy disiecttg layerr enoved by
a post-nmasking etch or clean. The inorganic ARC thus remains a part of the
M M capaqresent tbiseparate thehnMIMroapacitor etdcttodesi norganic ARC in the MM

capaci tor degrades the electrical performance of the capacitor.
Specifically, the presence of the inorganic ARC 2 reduces breakdown

vol tage and increases | eakage current. For exanple, the breakdown vol tage

of a 400 An r ' i1 j he [ S . enor gani c
ARC 1 ayer 1 o iRAhE MIPEeefd: £ Bs8eRlang bhiiln B3 a0 L niubde o 9872
volts. 5 Accordingly, at .Iis needeq is a nmethod and/or system that can be
use@ foqomaﬁ'ﬁ‘?'ltﬁt"?ﬁd“‘m f@éﬂﬁy&fﬁ'&nngqu Wﬁr‘g\ﬁ&? feB®$RURe 1H8' f or nance.
For exanple, it is desirable to be able to fabricate MM capacitors that
have higgroponerisiiniona laysirinigonpeet witlucaponentk dgetharlayenssitist is al so
desirable to be 10 able to fabricate M M capacitors for which the

var i abi hédessaty tdessure tiattiré eompoaents dve adcurately positionediandifosimeal! e f or
t he range of val ues of breakdown voltage and | eakage current to fall within

a tightgg cbﬁﬂ)?’n%gfsegé%aé%n sﬁ%lel’*’,ﬁﬁ%.%beééh‘rﬁfm mPBé‘iIiBﬁ%Wd%ma novel solution

to these nee DI SCLOSURE The present I'ting provides methods and
Tor oveebBpRaRp Mo RO HRE OB arpl o, the present writing .
pr olvoi des nethods and systens for fabricating
Conventional techniques rely on accurate alignment of the stepper and
its target in order to accurately form componénts. 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 (or scanner) and the target.

In the prior art, the inorganic ARC is not removed after the stepper or
20  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



S M M capacitors that have hi gher breakdown voltages and reduced | eakage
currents. The present witing also provides nethods and systens for
fabricating MM capacitors for which the variability of these paraneters is
reduced; that is, the range of val ues of breakdown voltage and | eakage
current falls within a tighter tolerance band. 10 The present enbodi nent of
the present witing pertains to nethods) and systens thereof) for formng a
netal -i nsul ator-nmetal (MM capacitor using an organic anti-reflective
coating (ARC). The first electrode of the MM capacitor is forned froma

First meigdluckpPéakdomnm Voleedd and\iterbasadidakage cahént.hFop example,Ihg! ectrode
of the MM capacitor is forned froma second netal |ayer. The organic ARC

is then L that
ramoval B aRAgHS (e R A0 AngelrbR el oside: iblecte, IRIERENAL (o 11
t hat the br.eakdown e, of t M M ca rease. and t he | eakage
current @@c‘P@EQ?é‘éCAégJ 'tﬂé’gﬁf%t“%gpg %leﬁ&%‘g%ﬂfalhﬂ%ﬁﬁpﬁﬂ Olg[898Fent types
or brands of organic ARC can be used. In one enbodi nent, the organic ARC is
AR2, andfrom 26r88weitsenbodi ment, the organic ARC is AR3. These or ot her
types of organic ARC can 4 be used interchangeably. In one enbodi nent,
the fgrst and second netal l|ayers are alum num and the dielectric
separating the first and second el ectrodes is either silicon-nitrite or 5

Silicon-oxy-n Y&t et ween
the dielectri Jébg%rgiﬁlgé% hﬂvtﬁéﬂ? hge??crjzst Qgél%thgggg%&{rrset al Qg?/g?agpgiégggﬁe

IZ%SSE el ;e?r'%at*\%?{'{jhﬁ%ﬁbfﬁxﬁyﬁmﬂﬁ‘g riptiPR By @Fﬂ’é@ﬁbﬁ%% ghni ¢ ARG, @
Separ at CEXBDIS, thisideerble té@a@éé@é@r«ét%ﬂﬁ’ﬁpqeﬁ% et Rz by, 1o

exanpl e, a stepper. A portion of the first netal |ayer and a portion of the
di el ect r bregkalownevdltagestand reduped i¢akagezpurtents.| Hyisrgjsadesiranielebet o form
the first electrode of the MM capacitor. An organic ARCis applied to the

firsigel gpfe t@@kabﬂréatérmm @abb@td@@téﬂ whichfthé hariabililyreftthesx paratetobeiy t he
first nmetal layer and t
reduced; that is, it is desnrable 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.



di electric were renoved. A portion of the second netal |ayer and the
respective barrier layer are renoved to formthe second el ectrode of the

M M capacitor. The remaining organic ARC is then renoved (e.g., by
cleaning). 20 In another enbodi ment of a nethod for formng a MM capacitor
using organic ARC, a first netal l|ayer and a respective barrier |ayer are
deposited on a substrate. A portion of the first netal |ayer (and the
barrier layer) is renoved to formthe first electrode of the MM capacitor.
The die ébri C g a second 5 nmetal |ayer (and a respective barrier

| ayer) &Qﬁﬁﬁ ed on at least the first electrode. An organic ARC is
applied to the resultant |amnate, and a portion of the dielectric, the
second net al Theywresamtd wiitihg eppvidesaethedsiagd syaiams thereptthat eanthe f orm t he
second el ectrode of the MM capacitor. The remaining 5 organic ARC is then

r enmovedyuéeddop fdwﬂcatm%ndwgtcapacntomwhh dhptdvedestdnidcatprfordanee) kst above,

organi ¢ ARC can al so be applied prior to formation of the first el ectrode.

10 B Lo tARC , f it
‘o Fpr Sxantele, Medsoent itk | BENRE meREAP BIIL SRR 1 fapiicatdd ] Popact to!
i d the | d | di ti th f

ot ube O BRodafar e HiohBE brdskabuA M abaotd AR XbtlEY 18dkBan™"26 hat

t hese paraneters can be controlled within ti %hter t ol erances. 15 These and
ot her oBMEENES.ahke PR ayEtings alsppiovidesmethads andsysiems fHecone obvi ous
to those of ordinary skill in the art after having read the follow ng

det ai | efiabrécatingdviMicapéacitdre for whishrtbe varishitiyrafiheserparametees isl | ustrated in
the various drawing figures. 6 BRI EF DESCRI PTI ON OF THE DRAW NGS The

sccoTPERARag vt B MO S MY oot (115
t he des‘félilspwnﬂn'la%ﬁﬁfé‘? tBI@r@ﬁ% B’ci!ﬁh.t he principles of the invention: 5
10
The present embodiment of the present writing pertains to methods,
and systems thereof, for forming a metal-insulator-metal (MIM) capacitor using
an organic anti-reflective coating (ARC). The first electrode of the MIM capacitor
is formed from a first metal 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 present invention, 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



FIGJRE 1 is a side view of one enbodi nent of an exenpl ary stepper upon

whi ch enbodi nents of the present invention nay 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 may be practiced. FIGURES 3A, 3B, 3C, 3D, 3E and 3F
illustrate various stages of a process for fabricating a

nmetal -i nsul ator-nmetal (MM capacitor in accordance with one enbodi nent of
the present invention. 15 FIGURE 4 is a flowhart of the steps in a process
for fabricating a MM capacitor in accordance with the process of Figures
3A- 3F. beQuRESiMérchaBgesily. 5D and 5E il lustrate various stages of a process
for 20 fabricating a M M capacitor in accordance wth another enbodi nent of
the present invention. 7 FIGURE 6 is a flowhart of the steps in a
process for fabricating a M M capacitor in accordance with the process of

e S S Byl nATHRE 4 BFARAEH 0kl 98 BuMOLFRBRE o

fabricated 5 I'naccor e present tion

ver sus breakdown.volta for M M,capaci,t gr fapricated according to the
ort or - arte Ptage sedifing the Rl b GERRGH bt dts 1S ST SRR o
fabricated in accordance with one enbodi nent of the present invention

ver sfis | siliceroxyditsita.r bhaddiden,.a Rawies dayesi qasy be disposad detweernth ng to the
prior art. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Reference will now be

nade i n dielevttic tndteachpt ¢he firgt dndrsecdhdendtal kiyetseni aneceimbotimentammel es of
which are illustrated in the acconpanying drawi ngs. Wile the invention

wll be i i i I i Wi : referred 5 enbodi ments, it wll
Q?# afle ©OMprIReH 0P Tj-Hithitd (rid).P ’
be underél?@f(;e(rglt a? '?%ey gr"e not fntendggq)to limt the invention to these
enbodi mrents. On the contrary) the invention is intended to cover
alternatives, nodifications and equival ents) which may be included within

the spirit and scope of the invention as defined by the appended clains.
Furt hernore) |mongemtadingntef aimethodiordedning MUV capaciher ysieg ent

i nventi on)
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 layer 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.g., 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



10 nurmerous specific details are set forth in order to provide a thorough
under st andi ng of the present invention. However, it wll be obvious to one
of .e ordinary skill in the art that the present invention may be practiced
wi t hout these specific details. In other instances, well-known nethods,
procedures, conponents, and circuits have not been described in detail 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

pr.ocedur l,QQl C C i nd ot her. symbaolic reprgsentati ons of
oper at i oﬁ'?t?lc@%'g@%%a{éﬁﬁa&h&tg?rﬁfeﬂgqyﬁ@t%'ﬁ-%@f’aﬁte i leoast ﬁ%"pﬁ'@?t ors. These
descri ptions agnd re‘?res,ent aéi_ons %ﬁe t he means used by those skilled in the
art of I\)P‘I@P@fﬁaﬁciﬁrb r9pRigARGLIS GRPIRA Hblhe restliantilaminpte gindes peRioNsafbst ance
of their work to others skilled in the art. In the present application, a
pr ocedur the dietgatridyitbe lsecomnad oeetal) laper ardbthiei lespedtivedianier lager are be a

sel f-consistent 9 sequence of steps or instructions leading to a desired

resul t. fdiRové®RSioHTRthbMREENd IBbtiodR DI Ny MIMapaBReD UTRY dhdinidy Physi cal
guantities. Usually, although not necessarily, these quantitieS take the

f or mof g : ' ig bl e of being stored)
trans#erglg%?ﬁécop‘ I ﬁgﬁ)eﬁggndgg?ééé'ga@ %?%@B%’se 5 mani pul ated in a conputer
systemto fabricate a MM capacitor. It should be borne in mnd) however,
that all of these and simlar terns are to be associated with the
appropriate physical quantities and are nerely convenient |abels applied to
t hese quant i t Inreeachual thesesbediniandadescrivegdtabgve poiganisr ARCecansalapber ent from
the follow ng discussions, it is appreciated that throughout the present
i nvent i oappked prissiodognation ozihedirteslastredech as "appl ying, " "renoving, "
"formng " uetching," "receiving," "depositing” or the like, refer to
actions and processes (e.g., processes 400 and 600 of Figures 4 and 6,
respectively) of MM capacitor fabrication. 15 Figure 1 shows a side view
of exenpl agy stepper 100. u Whi ch embodi nents of the sent invention
may De practi ?é&?”ﬁﬁ?o?f&ﬁ”ﬁ @?@dﬁégm%ecghecpﬁ%@qupaf%e W i s appreciated
that |ithography (photolithography) techniques can be inplenmented using
ot her typapRagtorippapevad, Spesifically,dhebreakdawavoltagea of I@%@@iﬂﬁ‘é@ﬁs of the
present invention nmay be inplenented on devices other than steppers. 10
increases and the leakage current decreases. In addition, the range of values

for breakdown voltage and for leakage current is reduced, so that these
parameters can be controlled within tighter tolerances.
15
These and other objects and advantages of the present invention will
become obvious to 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.



In the present enbodi ment, stepper 100 includes a |ight source 122, masking
bl ades 124) a pattern nmask or reticle 126) a lens 128, and a stage 112. The
| i ght source 122 projects |ight through an opening 124a of nasking bl ades
124, through the transparent portion of a pattern on reticle 126, through
lens 5 128 and onto a netal |ayer 133 | ocated on the stage 112. By doing
so, the pattern of the reticle 126 is reproduced on the netal |ayer 133. It
is appreciated that the nmetal layer 133 nay reside either directly on a

waf er 1%@HLE§‘DESWP"H@N@PTFE’BRAWNG935 been deposited on the wafer 130,

on 10 anot | ayer deposited on the wafer 130) on anot her conponent or
device built. . IO o} i di ng, on waf er
130. Figure 21 adStfaffing Sewfios RnRd R e dRBLER & KM Bl oh
enmbodi nent s, of the present. i.nventiqn racti.ced. As described above,
|' S embod® Iﬁ%o‘?ﬂr}' S“p*ﬁ\'!%téﬁ% %rﬂ%ﬁm%ﬁgﬁ?ﬁ&%m@ﬁﬁ%ﬁ@ﬁt iogetdeywithces ot her
than steppers, such as scanners. in the present enmbodi ment, stepper 100

i ncl udesthe dasegptionssarveto explain thesprinpiples\of teainvenliooe 210, a processor ~
212, a signal transceiver 204, and a 20 nenory 214. Substrate 206 is placed

on stsage 208 for processing in stepper 101; substrate 206 is typically a
silicon wafer. Menmory 214 contains programinstructions inplenmented

through prOCeFﬁ}ﬁf?%s1d\%HBr\Xev@Hoﬁ@%rﬁ$MI erft©f BRI RAGILGEBRY, such as

read only nmenor I tenmporary nenory) suc €SS nmenory

(RAM. Menory 214 can als ny. ot her of nor t orage capable of 5
cont ai ni H@Ofb%%éhﬁ‘i"ﬁﬂgm@f ?’g”@e Ege%gﬂ?g%\}%%ﬁgrrﬂag‘ﬁf’ﬁ#gc% ROM or flash
menory. Processor 212 can either be an existing system processor or

m croprocessor) a dedicated digital signal processing (DSP) processor unit,
or a dedicated controller or mcrocontroller. Alternatively, the program

i nstructi ons RHGURE 2 isp bloek diagrasi ofgoree emigoldiment ot & steppler apshat e nachi ne.
10 Signal transceiver 204 is coupled to processor 212. Signal transceiver

204 {5 agﬁfayérﬁbeain?éh@bﬁmer@r&aﬁﬁménﬁmﬂw bé Wefictieda | aser.

Addi t1 on signal transceiver 204 is a receiver for an el ectromagnetic
signal, such as the return signal that is reflected fromsubstrate 206.

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

15
FIGURE 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, 5B, 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.



15 Figures 3A) 3B) 3C) 3D) 3E and 3F illustrate various stages of a process
for fabricating a MM capacitor in accordance wth one enbodi nent of the
present invention. Wth reference first to Figure 3A, a structure 305
(e.g., alamnate) is either formed on or received by stepper 100 of
Figures 1 and 2 (as 20 described above, enbodi nents of the present

i nvention.may be inplenented on devices other than steppers, such as
scanners). The structure 305 is located (sits on top of) wafer 130 (Figure

1 ) or subst i it i i ment,
structure S(ﬁ-]y mc?%‘ggaﬁé&%'&rt%fng{e%teﬁa er bEOACQe]sg forfa%g%;ggrzg rg:@frmjl ayer 350,
a dielectrig |layer 3 nd barrle | aye and a second neta

| ayer §2RAC ﬁ‘ﬂ Io¥TAEOr ?n%e4 ﬁgﬁﬁﬁ’ﬁ??e&f? 99%&5%| | ayer 342 in a
particul ar pattern using a known photolithography technique, such as that 5
illustrated by Figure 1. 1n the present enbodinent, the first netal |ayer
342 and the ,second netal |ayer 344 are conprised of alum num the
dielectric |IFI@GIRB4A compares beeatkdofvnavdifagl far aliviiMecapacitos fairicatetsi | i con
nitrite or silicon-oxy-nitrite, and the first barrier |ayer 350 and the

secgnd u'?%rcgb ar{c@’ﬁfth%'i_’l% é}ﬁsoamﬁmﬂlcﬁqﬁe%s@mw&m’bﬁ viersi br War, it is

appr eci at e at these el enents may be nade of 10 other types of naterials.

por 1 oyotgerpy e i BapEeitl1pBacHBR BRI, Mellifian, % 1TC | 2,6 350 ana

dielectric layer 346 that are not underlying photoresist 340 (Figure 3A).
That is, 15 in this enbodinent, the etching process renoves material up to
second barrier layer 352 to formfirst electrode 360 with underlying first
barrier | aydriCI3BESBIcainphtes leakapagurreptidr aNdiM wapaciterifabreatedtim Fi gur e
3C) in accordance with the present 20 enbodi nent of the present invention,

or gani aairdaricd Wthtdnecembatimant(dfRae ;ﬁé@enﬁnmidnafcbrrsas fadkageel ectrode 360
and to the surfaces of structure 315 (e. g , the surfaces of second barrier

| aygr %P%MBF MR e&p@@#_fmugé@d% @rmsﬁfaéfgﬁe organi ¢ ARC 370

functions 10 re uce re ction romt S uctu




all owi ng the stepper 100 (Figures 1 and 2) to nore accurately acquire the
nmar ks that are used to align the stepper 100 and the target (e.g.,
structure 315). Accordingly, the conponents that nmake up the finished MM
capacitor will be accurately positioned and forned. . 5 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

t hi ckness to be applied, which in turn is dependent on the optinum process

condi ti oBESTSHMODEFOR GARRYING OUTPRIEARVENTRON .  phot ol i t hogr aphy) 10
techni que being enpl oyed. In one enbodi nent, the organic ARC 370 is AR2,

and in anot heg ] t i j t.her types
of organic A@%Q%ﬂggqﬁlgégwi%g%%g‘ﬁg%éﬁﬁ; tg%&gﬁg‘?@e%gr&%ﬁﬁgﬁén@elgeon t he
factors descr.i bed above. .15 Wth reference next to Figure 3D, photoresist
340 is affpiendgn 8"%’?‘?‘8&%@"'%@.’6 F'ﬁ‘sﬁﬁéﬁf@ tEE,acéoﬂPRﬁ{}g{"& QFﬁVHQB rocess is
used to renove the portions of second netal |ayer 342 (Figure 3D) and
second b¥Yhileethe inyentiaowilk beideaerdberbin conjendtionnyitiptoe preferred 340 (Figure
3D). That is, in this enbodinment) the etching process renoves material up

o the ueaftiddimesntss itheill batundedstbodthateheydrd Aokitshdedi® FA théd conmponent
380 also fornmed in the etching process is showmn. Now with reference to

Fi 3 . e L . (s i
Shoun. TIYetioH R thcec oaamS, Uh hebdheapank iRlomth S138haedEs 1°Tcgi on
390 by via 384a) fl.rst 60 | i m | arl. d to li 382b b
Ui e 3baboOuRgatemalih odibaEns Alay ehdydlefls, Hilgh BP0 b indidaed Wikt on 300
may conpr.ise deposited | owk material such as silicon-dioxide (Si02), SOG
(spin onthg gBkY P“@%OPQN%HP%H‘@BF'W‘ 8§ defined bydheppendedilgims. of materi al
used in the fabrication of MM capacitors. Significantly, in accordance

wi t h t he Furieemore, rin ¢he fatlowing detailed AeSciption ef thenpresdntiimventiorf,or exanpl e,
a known nom nal cleaning technique. As a result, the M M capacitor

f abr jgat peinidroas epesine eetalstdie isae faHiehestdel by prividnatRofegh not i ncorporate
ARC, thereby inproving the electrical performance of the M capaci tor.

Specif1 Cgb'g\érsat-hﬁdiﬁggﬁwéaﬁfe%em Vehflsn PHowever iipx\éﬂp%%gvioﬁésgiﬁﬁg’@avm tage

is incre agetcurrent 1s decreased. ernor riation
in these paraneters | s reduced; that .is) the range of values associ ated
wth 't neSEapAPLREl it berart ILTRG present ierliot mAeRs mEstCRI ML ARS e t he
breakdown voltage for a MM capacitor fabricated according to the

specific 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 (MIM)

20 capacitors. These descriptions 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



present invention increases to 40-43 volts. It is appreciated that, in

.anot her enbodi nent, organic ARC 370 can be applied to first netal |ayer 342
of Figure 3A, prior to formng first electrode 360 20 of Figure 3B, 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 IS | am nate such as structure 305 of Figure
3A is received by) or forned on, stepper 10Q (Figures, 1 A

phot or eghshierddof Sepopr instructionsteadingtas eeSldeF @38{& 158 SSW')geure 4, with
reference’'to Figures 3A and 3B, a first 5 electrode 360 is fornmed b

! y
renovi ng_at 1 ibd faiensret physitalnquantitie®r Usually. HioseBsi st 340.
In one gﬁ%%?d*%@ﬁ@"@%‘%ﬁﬁ?@xm (e. g.p, organi ¢ ARC 370 of Figure 3C) is

applied to first petal i fle@tical rorahagnetistsighalst r ode 360.
10 In stl'@bn@ﬁgsﬁﬁ"Yiitéﬁ‘leaﬁ?ﬁt\'/&%:éﬁa?ée;%fgtrrl'?eé also to Figures 3C and 3D,

organic ARC 370 is applied to first e o] herdiisd O t he
sur f acecapiabla oﬁbelog@éorﬁﬂstfﬁﬂﬁfegfé' P‘Hjﬁﬁﬁ\%ér ‘céj&gég%gggnWetnef TSt el ectrode

360 was formed in step 420. 15 In step, 440 %‘P@ﬁ%?uﬂrcﬁ ﬁ with reference to
Fi guse 3Ranfrdaad ircheommder systemdo faiicalf 8 Q"the material not
underlyi ng 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 renoved using, for exanple, a nominal cleaning technique. |6

Fgures 54 SRl %@bé{h‘é BEnintl] HeWB@rethatbll oiisheseaansssioiilaateifMscess f or
apacCl t or

fabricating a i n accordance wi th anot her enbodi nent of the
present invention. This, epbadi Lif iddl qUbhfitResaaritbaienmetelpf Fi gures
3A 3F i narento bp@@soglﬁt%wﬁlh%?%56@'{08@?{%@@?' odT]e't he M M capacitor are formed.

5 Relatively speaking, in the process of Fi - o §irst electrode
is forrreéoﬁvomenhlabelspapnhtemtOHg%ﬁ guwﬁ‘ﬁé- i‘ﬂ“éﬁées%éro%@%&%g@ M= gures 5A-5E,

the first ' ! .
10 otherwise as apparent from the following discussions, it Is appreciated that

throughout the present invention, discussions utilizing terms such as "applying,

“removing,” “forrr;ing," “atching,” “receiving,” “depositing” or the like, refer to

actions and processes (e.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 stepper 100 upon which

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



el ectrode is formed fromthe bottomnetal |ayer. Wth reference to Figure
5A, in the present enbodinent, a first netal 10 | ayer 542 and a first
barrier layer 550 are deposited on sonme type of substrate 545. As descri bed
in conjunction with Figure 1 above, substrate 545 may be a wafer 130, a
passivation | ayer that has been deposited on the wafer 130, another type of
| ayer deposited on the wafer 130, another conponent or device built on the
waf er 130, or sone other type of substrate residing on wafer 130. 15

Phot or esi st 540 thespegseht embodiments steppeai 0Ddpeludéd 2 light soproet 1221 ar pattern
usi ng a known photolithography techni que, such as that illustrated by

Fi gure 1mdskindblades94] agismnedh itk ortreficlei 126, afl@h§|1zbaﬁﬁﬂ a$tdge s 1g0Npri sed .
of alum num and the first barrier layer 550 is conprised of T| -nitri te

(TiN). Hewe t e

ot het ¢ ypHE T sobrde’ 172 pRIGER Tofl Btk e clfsting 1248 Ut Sadfind BIRBRE® e chi ng
process i ed to,repove the portions of first er 542 (Figure 5A)
and first iﬂaﬁ'frp@gh Iﬂ?ﬁlggnﬁp/aremsgw'f’ﬂé’? aaqaettq{gtomwﬁgh {ﬁérd}/' PB8j st 540
(Figure 5A). That is, in this enbodinent, the etching process renoves

mat erﬁal 128 and enibs metal layer 138 Ipsatedran the siage(1idBwdoingsmther conponent
580 fornmed in the etching process is also showmn. 5 Now wth reference to

Fi gure 5@gtterrdiotihecieticle 126yisreprfdiuced dapbei mhethl 1B88rst barrier |ayer 550
(first electrode 560 and conponent 580), a second barrier |ayer 552 is
deposited over dielectric |layer 546, and a second netal |ayer 544 is
deposited over second barrier layer 552. In accordance with the present 10

Thodi £ . , . . £l
S70°1 s appl | edt BEPBERRY AR OB 12350 35 AP A PHBSATE A0 0l | oo
to structure 515. The organic, ARC 57Q functions to reduce reflection from
the strudaieel3g @15,p%ﬁ%étmbawen@ﬂt%emd@pmeemrbﬁwelwam 180,08 nore

accurately acquire the nmarks that are used to align the stepper 100 and the
t ar gé0 ( engtherdayerodepositéd on. thawafedil 80, gn anbther copponens ot aviceddwit up t he
finished MM capacitor will be accurately positioned and fornmed. In one

enmbodi men, thieh@afer 980 6r &Rsom(bthér Aifbtradd fodiding 9t WaferaBpodi ment ) the

organic ARC 570 i s AR3. In Figure 5D, a known etching process is used to
remove the portions of

Figure 2 is a functional block diagram of a stepper 100 upon which
embodiments of the present invention may be practiced. As described above,
1S embodiments of the present invention may be implemented on devices other

than steppers, such as scanners.

in the present embodiment, stepper 100 includes a stage 208 coupled to
a stage movement device 210, a processor 212, a signal transceiver 204, and a
20  memory 214. Substrate 206 is placed on stage 208 for processing in stepper

101; substrate 206 is typically a silicon water.



second netal |ayer 544 (Figure 5C), second barrier |ayer 552, and
dielectric |layer 546 that are not underlying photoresist 540 (Figure 5C).
That is, inthis - 18 enbodi ment, the etching process renoves material up
to the underlying first barrier layer 550 to form second el ectrode 562.
Second el ectrode 562 is separated fromfirst el ectrode 560 by second
barrier |layer 552, dielectric |layer 546) and first barrier layer 550. 5

Si gni ficantl in accordance with the present, i nvention, organic ARC 570 is
removed usi nél,!em@w 2lesoniaing progam IRrclisnsdmplementeddbraudiue. As a
result, the M M capacitor fabricated in accordance with the present

i nvent i prochsser 232, iMerooryo? 4 eanRithet e pebpanemtrroemogy, tsuehalsetad cal
performance of the 10 M M capacitor. Specifically, in accordance with the

present ohfv@Mdty (ROMDRSHRPBRIr Afbtndrf, SutH 88 FRHoMM dcbERKMBmMdrY rent is

decreased.” Furthernore, the variation in these paraneters is reduced; that

is, the e i A fl i thin a

{1 ont or (PANEF JflembR, 2FR o8 st Bbahy B e S eIV ESage cabBni.drc
conprising, a MM capacjtor and ot her conponents i s . The second

o0 r ogBnsBNpPegaR bsploRs Sk 25 A TG GVE: B Tebh o fasha Sadb, fir st
el ectrode 560 is simlarly coupled to Iine 582a by via 584a, and conponent
580 i s mempbad Pwcesses caneithpsbaan exiskpgisysterypronegsovapri se deposi t ed
material such as 20 Si02 or other types of lowk materials used in the

fabri catmieroprbcessor,d dedicated ditital sighaliproteysing (DSP) prodessof tinitSor
appreci ated that, in another enbodi nent, organic ARC 570 can be applied to

Lirst e dedicaus confrésy of ﬁﬁ’%@%o%llgf’._f ABBriftivel, M rddradinglrgtidrgde S60 of

Fi gure then renove I'eane I gur 'owchart of the
steps in_a pracess 6Q0 .for fabricating.a MMc itar in accordance with
t he pr0@&)588#"\9?96@.?"8@(’§’%!"§958R|"h‘%@{%‘?%tm, 0%15??933?%&%’&% al so to Figure
5A) first netal layer 542 is deposited on a substrate 545. In one

embddi ment, first barrier layer 550 is al so deposited on first netal

Signal transceiver 204 is coupled to processor 212. Signal transceiver
204 is a source of an electromagnetic signal, such as a laser. Additionally,
signal transceiver 204 is a receiver for an electromagnetic signal, such as the
return signal that is reflected from substrate 206.
15
Figures 3A, 3B, 3C, 3D, 3E and 3F illustrate various stages of a process
for fabricating a MIM capacitor in accordance with one embodiment of the
present invention. With reference first to Figure 3A, a structure 305 (e.g., a
laminate) is either formed on or received by stepper 100 of Figures 1 and 2 (as
20 described above, embodiments of the present invention may be implemented
on devices other than steppers, such as scanners). The structure 305 is located

(sits on top of) wafer 130 (Figure 1) or substrate 206 (Figure 2), for example.



| ayer 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 forned by
renoving the material (the portion of first netal |ayer 542) not underlying
phot oresi st 540. In one enbodi nent, an organic ARC (e.g., organic ARC 570
of Figure 5C) is applied to first netal |ayer 542 prior to formation of
first 15 el ectrode 560. O her conponents such as conponent 580 can al so be
formed. In step 630 of Figure 6) with reference also to Figure 5C, a

dielectric | amhlsséﬁbéﬂﬁnéntz%gﬁé’lﬁrér@b@'ind nszd'% a fift n?étﬁl 1‘3 gﬁgh%egﬂf'sﬁ forma

| am nate such as structure I'n one e rrent arrier |ayer

552 is so d R d 2 we nd neta er 54 n ielectric

| ayer 5 mfﬁ yqr@ 83%%“69‘%&%5&@ B Seupn bgg 355%93{1 80 Figure 5C,
in accordance with theré)r esent invention, organic ARC 570 is agpl ied. A
phot or essegorshmeta] layprs4d. thQW$|§hﬁ4%|SI&Pm@§ﬂOQM regtallayer 848,inwi t h

reference to Figure 5D as well) second el ectrode 562 is fornmed by renoving

t he mat epardicalal padtern psing akeowh phatolithogrepal téchrquistichsecthad barri er
| ayer 552, and dielectric layer 546) not underlying photoresist 540 (Figure

5C) . 510 jinsfarR @ﬁpng@fre Hi. dH"tRe Predeht JATUMIABAE tHd fu%t H&aiﬁﬁg@eﬁh hRYent i on,

the organic ARC (Figure 5C) is renoved u5| ng, for exa a nom nal

[ cakage 5 venr Fetdligpinga ﬁwea@@wéﬁsﬁ B By P Mok LOREaR°
capaci { of aBPHeH BLa Rk c&i; 306D 5 Shgorprte e UIRETGSHENS, 1 hat ¢ he
breakdown voltage for a M M capacitor fabricated in accordance with the

present and&ne ficat batiderclayes 350 @anddhenseeond hatriey layett358 areccomprisachef or gani ¢
ARC is renoved. Figure 7B shows that the | eakage 20 current for a MM

capaci t oTi-higdtei (T#)p cHoweaer, dtrid appeeciated thitthpse elnterits vty be iddiofdecr ease
and is nore tightly controlled when the organic ARC is renoved. 2|

10  other types of materials.

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

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 applied 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



The -present witing _ thus provides nethods and systens thereof that can be
used for fabricating MM capacitors with inproved el ectrical perfornmance.
For exanple, M M capacitors fabricated according to the present witing
have hi gher breakdown vol tages and reduced | eakage currents, and 5 these
paranmeters can al so be controlled within a tighter tol erance band. The
preferred enbodi nent of the present witing , nethod for formng a MM
capacitor) is thus described. Wile the present witing has been descri bed

in particuylar.enbodinment it.should b preci ated fhat the present 10
witing sASVEHS, %@%ﬁ?&éﬂ"&%@@ﬂﬂ%@ﬁ POreaerHreltoacae®e put rat her
construed according to the follow ng clains. 22 CLAIMS 1. A nethod of
fabri cat i Rarks thatare used txabign the steppen 100 angths tasgetsegorgirucire§16he st eps -
of: a) formng a first electrode of said MM capacitor froma first netal

| ayer in Acsordinglysthe dompaments that arakergethedimstiad Ml caplaciter wibdki ng ( ARC)
to a surface of said structure; 10 c¢c) form ng a second el ectrode of said

M M capacibelratéi0'HoditioRed afid ®ifkd) ayer; and d) renoving renmining organic
ARC. 1S 2. ?’%e rrg{Bhod o? Claim1 wherein said second el ectrode is separated

from Zﬁi d first electrode by a dielectric |layer and said organic ARC is

r enov after said , step of form ng said second electrode is perfornmed 3.
A nmet hod of fabricatin net al - i .nsul at or - net al (Mq';? capacitor, 20 said
et hod conpr i siAR§OtdiRg gl(@ﬁsfﬂeﬁentdﬁlvqui@@i diffaterd tyras elbrands @heiganicy a fir st
netal |ayer separated froma second netal |ayer by a dielectric |ayer; ~ -
23  b) r ARWicay e ysed: iQme tdcterocconsidet whenhsleldclingranaordanic® i@ towbeof sai d
dielectric layer to forma first electrode of said MM capacitor and a

surface olsediigl thethickibss &xbepRliey, WiRcH irstuen iDlepavannt 68;the bpfplhyi Ng an
anti-reflective coating to said first electrode and to said surface exposed
in said shehedds coiftiohishsdabiatddith thé fithdg RiHyS (e §Cphotolithography)
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 MIM

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

14



d) renpving a portion of said second netal |layer to forma second ,

el ectrode of said M M capacitor; and e) renoving organi c ARC renai ni ng
after said step d) is performed. 10 4. A nethod of fabricating a

netal -i nsulator-nmetal (MM capacitor, said nethod conprising the steps of:
a) depositing a first nmetal |ayer on a substrate; b) renoving a portion of
said first netal layer to forma first electrode of said M M capacitor; 15
c) depositing a dielectric |layer on said first electrode and a second netal

l'ayer on c@ﬁb[éddbﬂir\%C:{JSQaltHrON?h rédlo BBOLY ViaBsdal first dlechidpley3sWisan
anti-reflective coating (ARC) to said lam nate, wherein said ARCis an

organic 3 i til al i \ ai d second.
Tetal | agiielfy CORIBYNOTng Rk la Heapla CoRickie) R0 1 bupRA B0, I g
organi ¢ ARC i ni.n ft sai tep e) is. perforne 24 .. The net hod
o r oot aS ARy VBB Tt Son B8y Bouioiish Hondsled oK matrsf Shoh
separated fromsaid first electrode by a bharrier layer. 6. The nethod as
reci ted ias siicandioxisle (SiQpe 8OG (spin @nsglags)ot SG (widaped spin @nfglass), @rect r ode
and said step of form ng said second el ectrode conprise the step of:

-et chi fig ser tiypes bf material lusedrin dralfabscaticreoMtMroapatitdrayer . 7, The met hod
as recited in Claim3 further conprising the step of: 10 applying an
organic ARC to said lamnate prior to said step b). 8. The nethod as
Tecited in CQaim1l, 2, 3, or 4 wherein said organic ARCis AR2. 15 9. The

met hod as recid;edein . ai ol Is ' i 0. The
net hod as recistf@gﬂk%'t’ﬁ%@ﬁég?%”ﬁtﬂstgég%p@@ﬁgﬁt @gidé%#pﬁrégg t he
steps of: cl ) depositing a first barrier |ayer hetween. said,dielectric

| ayer andS wnavggﬂﬁnﬂskor&@m'ed%#nawa ”(9?)'”%6“3%%‘?'99 rﬂ%‘ﬁ'ﬁ“%oﬁ*& Barrier

| ayer between said second netal |ayer and said dielectric |ayer. - 2S

11. ' Theesult,the Mid capacitod fabricated im acogrdanderwitiathe presentinyention her
conprises a first barrier layer separating said first netal |ayer from said
di el ggt r idodsRincstporate m,dhbaéuwiﬁfgrmugthéem&w‘ai parformnahat 6f et ri c

| ayer fromsaid second netal |ayer.
MIM capacitor. Specifically, 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. 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 MIM

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



12. The method as recited in CQaimb5, 10 or 11 wherein said first netal

-l ayer and said second netal |ayer are conprised of alum num and said
barrier layer or layers are conprised of Ti-nitrite (TiN), and wherein said
dielectric layer conprises a dielectric selected fromthe group 10
consisting of silicon-nitrite and silicon-oxy-nitrite. 13. The nethod as
recited in Caim3 wherein said step b) and said step d) further conprise
t he st epslastinateopuch ag strugiiee 8PBNfdtigure JAisracgiveddds ordaamadonenovi ng
portions of said |am nate not underlying said photoresist. 14. The net hod
as recit esteppeft 80(Figurésiitdret 2 oAphatoregist 84044 eppldéd tafie higaten or gani ¢
ARC to said first netal layer prior to said step b). 20 15. The nethod as
recited in Claim3 wherein said step b) and said step e) further conprise
the steps of: applying a photoresist to said | am nate; and renovi ng

portions of sajd fir - Y i t I r not
under | yi ng sai !P ﬁtﬁ&%oegﬁlghrézg' \%{tggggfgéci@t'ﬂggle‘e%g@gg@t@d qfﬁgé aiml or 2
further conprising the step, of: applying an organic, ARC to a surface of
said sir u@lﬂﬂf@dﬁrq%ﬂ isiigraad aygperh%gv abﬁeﬁﬁh@ PORIQN ¢f thermatesig PRbe. 5 10 15
20 27 . A5, .AL5. A& AH. A Any. AaS| . A&S$. A @ . A3. A3. An. ASE. A A

, . A A( 3y. aadaflyingl.photyresiat 340 AN aherembodimentoar otganic ARC (e.g., organic

} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
‘ca] ca] ca] AHE a0l Faduwrel 3CY is eRptiad to Bfstnetal 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.
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sL- 10% & (Built bhHeSvater 130561086rke Othdk tHRY6RsUbstrat i@s@ﬁ%& vafem 30.%& () -
109%& ()- 10/10/10/' " ?10% & ()-Y:10% & ()- ,8 10% & (

i K- KL1DY&' ()-f 109%& ()- &F10%&' ()- ! 10%& () - 109%& () llO%& ()-f  S10%& () -
E4i K- K 109%& ()-) 10%& ()- s'F'10%& ()-Y% 109%&' ()- ,#

Lo () o PSR A o BT S BTSSR A BRI el (-
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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
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5
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 646, and a second metal layer 544 is
deposited over second barrier layer 552. In accordance with the present
10 embodiment of the present invention, organic 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 5185, 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 ARS.
20
In Figure 5D, a known etching process is used to remove 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
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result, the MIM capacitor fabricated in accordance with the present invention
does not incorporate ARC, thereby improving the electrical performance of the
10 MIM capacitor. Specifically, 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 line 582a by via 584a, and component 580 is coupled to
line 582c¢ 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).
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5 Figure 6 is a flowchart of the steps in a process 600 for fabricating a MIM
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 tayer 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.
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5 In step 650 of Figure 6, with reference to Figure 5D as well, second
electrode 562 is formed by removing the materials (e.g., portions of second
metal layer 544, second barrier layer 5§52, 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
of 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 the present invention

can decrease and is more tightly controlled when the organic ARC is removed.
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5 these parameters can also be controlied within a tighter tolerance band.

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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1. A method of fabricating a metal-insulator-metal (MiM) capacitor
5 comprising the steps of:

a) forming a first electrode of said MIM capacitor from a first metal layer in a
structure;

b) applying an organic anti-reflective coating (ARC) to a surface of said
structure;

10 c) forming a second electrode of said MIM capacitor from a second metal layer;

and

d) removing remaining organic ARC.

15 2. The method of Claim 1 wherein said second electrode is separated from
said first electrode by a dielectric layer and said organic ARC is removed after said

step of forming said second electrode is performed.

3. A method of fabricating a metal-insulator-metal (MiM) capacitor,

20  said method comprising the steps of:

a) receiving a laminate comprising a first metal layer separated from a

second metal layer by a dielectric layer;
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c) applying an anti-reflective coating to said first electrode and to said
5 surface exposed in said step b), wherein said ARC is an organic ARC;
d) removing a portion of said second metal layer to form a second
electrode of said MIM capacitor; and

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

10 4. 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;
b) removing a portion of said first metal layer to form a first electrode of
said MIM capacitor;
15 c) depositing a dielectric layer on said first electrode and a second metal
layer on said dielectric layer to form a laminate;
d) applying an anti-reflective coating (ARC) to said laminate, wherein
said ARC is an organic ARC;
e) removing a portion of said dielectric layer and said second metal layer
20 to form a second electrode of said MIM; and

f) removing organic ARC remaining after said step e) is performed.
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is also separated from said first electrode by a barrier layer.

6. The method as recited in Claim 1 or 2 wherein said step of forming
5  said first electrode and said step of forming said second electrode comprise the
step of:

etching said first metal layer and said second metal layer.

7. The method as recited in Claim 3 further comprising the step of:
10 applying an organic ARC to said laminate prior to said step b).
8. The method as recited in Claim 1, 2, 3, or 4 wherein said organic
ARC is AR2.
15 9. The method as recited in Claim 1, 2, 3, or 4 wherein said ARC is ARS.

10. The method as recited in Claim 4 wherein said step c) further

comprises the steps of:

c1) depositing a first barrier layer between said dielectric layer and said

20 first electrode; and

c2) depositing a second barrier layer between said second metal layer

and said dielectric layer.
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comprises a first barrier layer separating said first metal layer from said
dielectric layer and a second barrier layer separating said dielectric layer from

said second metal layer.

12.  The method as recited in Claim 5, 10 or 11 wherein said first
metal layer and said second metal layer are comprised of aluminum and said
barrier layer or layers are comprised of Ti-nitrite (TiN), and
wherein said dielectric layer comprises a dielectric selected from the group

10 consisting of silicon-nitrite and silicon-oxy-nitrite.

13.  The method as recited in Claim 3 wherein said step b) and said
step d) further comprise the steps of:
applying a photoresist to said laminate; and

15 removing portions of said laminate not underlying said photoresist.

14.  The method as recited in Claim 4 further comprising the step of:

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

20 15.  The method as recited in Claim 3 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 Iéyer

not underlying said photoresist.

. 26



10z "1 1 10L%0% ()-9y1l0%&' ()-s109% ()-F 910%&' ()-; 10%& ()-Ls0109& () -
‘Normal " "Headi ng 13]c" "Heading 23] c" "Headi ng 33]c" "Headi ng 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Default Paragraph FontC, >1"7$*05: @ F, LGP5V| " ej ZnpUuy} ~ wB#+5=%$G

PNX i fqz\]”_"abcdefghij Cx*,+<!>"#/9%&' )+f-/R123k56P8: ~;

<% @Al CDF\ H} | 7KLNOMRSCUWK' Z[ ]~ af cdf gh[j krmUpqqsGuvwy>{| _~kl mmopqr st uvwxyz
{]}~6Ti mes New RomanAri al Couri er New'h Root EntryWrdDocunent 6

" #$UR' () *+,,-../0123456789: ; L , o

<=>?@BCDEF¢HI J Kﬁﬁ@@b@ﬁm@?d]m Claigrher givrthensemgrisinguhs gien pt:

applying an organic ARC to a surface of said structure prior to said step

of forming said first electrode.
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