T 6 JAN -2006 DARC LAYER FOR M M PROCESS | NTEGRATI ON BACKGRéEﬁbJﬁN'ﬁMﬁ
| NVENTION (1) Field of the Invention The invention relates to the
fabrication of integrated circuit devices, and nore particularly, to a
met hod for the cre@pRONLBEER Kbtk atrd rrokcater ivetata(ddM capacitor for
using in rf or mxed signal applications. (2) Description of the Prior Art
Modern sem conduct or technol ogy requires the creation of high perfornmance
sem conductor devices that are produced at conpetitive prices. A direct
result of this requirenmemACKSRAMD OdeVHEeIMemwidow and i nter; device
packagi ng density continue to increase fromwhich directly follows the
requi rement that the surface area or space that is available an the
surface of a sem conductor substrate is carefully allocates and naxi m zed
in itstlusefFithe mfj or<¢ tinwfntsem conduct or devi ces perform functions of
digital data processing, electronic circuitry can neverthel ess be divided
into two braad fhebdsioOnefiedd taddnesses: tigital ozpracessingswhile the
second field addresses the nmani pul ation of V 6 JAN 2006 anal og si gnal s.
Di gi t al cseniicondudtes, devd aasrhasetagallupLyj ofe 4 hecwBai pykathon or storage
of digital information. The functions

creation of a Metal-Insulator-Metal (MIM) capacitor for using in

rf or mixed Signal applications.

{2y Description of the Prior Art

Modern semiconductor technology reguires the creation of
high performance semiconductor devices that are produced at
competitive prices. A direct reéult of this requizement is that
device density and intersdevice packaging density continué to
increase from which directly follows the requirement that the
surface arez or space that is available on the surface of a

semiconductor substrate is carefully allocated and maximized in

its use.

The majcrity of semiconductor devices perform functions of
digital data processing, electronic circuitry can nevertheless be
divided into two broad fields. One field addresses digital

processing while the second field addresses the manipulation of

[



_ . calll '
of analog electronic circuitry have in previous years typi Calagiﬁt (-)Ilr%(eggﬁﬁ
handl ed by separate conponents such as relatively |arge ﬁap been_anpl i ed
relatively large inductors. The separate conponents may have howeve?pa
LN combimaldgon ighthsd gﬁ'%ata%)r%?wn@%cﬁ%g?g%éjﬁ%% e e by
significant portion of the unctional it _ _ Iz
thg usettof rfaoripuilpstancercapacidd W angikaduct Fye, conponent.s 4| F?g?l?gl on to
and functionally collaborating with the digital conponent ?‘ or . anal og
e have o ra ey o SRR LRl ke e e L
processing have in the past limte _ _ _ _
into typiaalhasemeeoBYUEEPE - b Nt eI RE Gish CULL a9$¥%ﬁﬁﬁ@¥¥gp§%%ggngahfpnent-
comuni cation applications center around conpac I ghar c'?eri <tice of this
Wth tf&hﬁéHﬂﬂd&Qe@r|EEEQ¥§U§D§Siaﬂ HQ%UE%Eng“ﬁﬁggs agﬁzfecgppfﬁgnts
equi pnent, continued enphasis w1 be pl acg ?” 3g§c appl i cations and | ow
o e T R E et o hcu RdS e ea | AT e gD e
noi se levels. Sem _ L :

i i i lifiers. A major
componcrt a4ty oal SRE an il Y S 28 FaneR: ST (At Cont 2l ns |
corponsnt of @ Lyplcal ‘2 Maj or conponents used
i nducti p nts. 2 TUB JAN ] ] np
for theﬂnggg?%ﬁ gﬁb%%é%nggggﬁgﬁgvsgﬁgpoéea ized by the udse ¢f for .

instance capacitive and inductive compcnents in addition to and

functicnally collaborating with the digital components. Ci

ircult
requirements that are imposed on components that are required for
analcqg processing have in the past limited the integration of

such components into typical semiconductor integrated

uuuuu circulit
devices,
‘r
Mcdern mobile communication applications center around
compact high-frequency eqguipment. With the centinued improvements

in the performance characteristics cf this eguipment, continued

emphasis will be placed on small size ¢f the eguipment,

low power

consumption, increased frequency applications and low noise

levels. Semiconductor devices are used in the field of mobile

communication for the creation of Radic Freguency (RF}

amplifiers. A major component of a typical RF amplifier is a

tuned circuit that contains inductive and capacitive components.



sem conduct or devices are capacitors and inductors that for mfﬁ ﬁ_d‘W 2006
resonance circuit. Mst high Q inductors and capacitors formpart of a
hybri d devi ce configuration or of Mnolithic Mcrowave integrated Circuits
(MM C s)ajorr apeponeated:sasi dicsCrakec-cQpponeNt %ig%h%rg&ﬁé‘&éf”%r?%é@i chis
not readily integratable into a typical process of Integrate rcuit
manuf actenriicpgcuByoe 0mbl Nidig e cGReat kg 0f, ONe SATLEANdHCE of . pnolit hi c

substrate of circuitry that is ained at conbining the funcfions of analog

data nmanispukatieoniasdi analag data st ohage-¥id h, the functions.of digital
data mani pul ation and digital data storage, a nunt? rgg%bgl gﬁ?ﬁc‘%n t

advant ages areraehbevete Such adwantbagss oknelude the peduction of

manuf acturing costs and the reduction of power consunption “\flethe conbi ned

functi ang.egRadica Efeguency vl s and anal og. g itgiare [ntegrated with
hi gh- speed and hi gh performance digital ci r%u‘%%agléﬁsn%éﬁ/ée%xed-si gnal

appl i caidrRs=nRaquL AENBIY & At saLe s baPosed, on. capacitors that are created
for m xed-node applicati onls are the crggt?%n o adg“gaﬁﬁg??’é?t?ki‘lja? has a

hi gh qualdd v kaet ek Qridhals has @ .Ling capacitive value over a range of
vol t ages applied bet \%éren the el ecttregdegggf éfﬁ%mctaﬂﬁ‘giu%??”’fh%‘?' i s not
dependent in its performance on the tenperature over which the capacitor

is applied, that can be created as part of a CMOS processing cycle, that
can be Crea%@dcgmggn§ﬂgﬁgﬁe é%gg%ion on one semiconductor monclikthic

substrate of circuitry that is aimed at combining the functions
of analcg data manipulation and analog data storage with the

- . . . .
ftunctions of digital data manipulation and digital data storage
= !

a number of significant advantages are achieved. Such advantages

include the reduction of manufacturing costs and the reduction of

power consumption by the combined functions. Radio Frequency {rf)
and analog circuits are integrated with high-speed and high-

performance digital circuits in CMOS mixed-signal applications.

Requirements that are imposed on capacitors that are created for
mixed-mode applications are the creation of a capacitor that has

a2 high quality facter Q, that has a linear capacitive wvalue over
a range of veoltages applied between the electrodes of the
capacitor, that is not dependent in its performance on the

temperature over which the capacitor is applied, that can be

Created as part of a CMOS processing cycle, that can be created




as part of the creation of sub-mcron devices, that has hi gh-rgrﬁ tJANAZUUE
capacitance with | ow voltage coefficients and | ow contact resistance. The
invention provides a process for the creation of a capacitor that

addr esses dhese d $sHeSra - - | 8L+, I h capam tor
W th vari o%s TINTI | aye(g?c% Qgg <—ng>5_1 lefﬁéss%))l?%e§ t)hﬁg g\églg 364" r\()d(u et

hows, . +dis 315, t US. 6, 110, 772
(Taﬂaga et é;iltl&%nbél (L:Jg@gmll?%ﬁ 7646};i (al?%ayg%h%“ QEQ@? Qrtjg Af)g%é? “(Weng at al.)

and US o NYneLn Shaw J.el ated, o tor 2nd _processes.
SUMVARYr&%E %wgﬁé%l %\I% tgfﬂ?r)ru:u pl edrée%j gc??vgg%? ‘He mveﬁ?u %f"h °F %o

create @ MetaliJnsubat 9naMel s S(M%\% Gapagitor for mxed signal

applications. Another objective of e invention is to provi de a process
of creating a MM capacitor that allows for the use of a good anti
reflection | ayer for the second el ectrode mask. 4 T 6 JAN 2006 Yet another

obj ective of \ 5 1.0 rocess of creating a MM
capaci t or th%c% rb:loiagwga 0?8?%el%seen{)f a 5888193?0‘3“0%%3% é’rltr’ag@i:l‘?‘b?

subsequent ;M pr ssin R S fqrther obj ective of the invention
isto pr{c:r%/{ ala%}e%?ocegg?oféc?lea? gja MM capacitor that allows for the
use of a good stop layer for MM spacer etch and for the protection of the

US 5,812,264 (Oku et al.) shows a MIM capacitor.

US 5,268,315 (Prasad et al.), US 6,110,772 (Takada et ali.}),
US 6,174,766 {(Hayashi et al.), US 5,946,567 (Weng et al.) and US

5,985,731 (Weng et al.) show related capaciters and processes.
SUMMARY OF THE INVENTION

A principle objective of the invention is to create a Metal-

Insulator-Metal (MIM) capacitor for mixed signal applications.

Ancther objective of the invention is to provide a process
of creating a MIM capacitor that allows for the use of a good

anti reflection layer for the second electrode mask.




upper el ectrode surface. In accordance with the objectives ofmt&emiM\Z&‘]ﬁti on
a new processing sequence is provided for the creation of a MM
capacitor. The process starts with the deposition of a first |ayer of netal

(for the fivat pleckrode;etcihe M MaRaGELeE s PEeferahly Lonprising an
al um num - copper alloy, over a sem conductor surface. Next are deposited

i n thepseguence ldshedng a thiincisyer:of omekak (B a.surface d ayer, of the
first electrode of the MMcapacitor, as a buffer layer for the via etch),

pref er gbby £OIPrdSiNG rhi-t api,um @b%ré%ec{%e'nlea)é% efcinsulaldgn,g that has

t he dual functions of serving as the dielectric for the MM capacitor and
of serving as an etch stop laver (used during the various etching steps of
the invention that is during the etch for the second el ectrode of the MM

Ot LIS, B SRACCLoSLED: f0% AT Bl B8t 0O L0 SAb 3

vi
contacts to the M M capaci preferably cgrrﬁl%rlm ng Silficon niftride, a

second ! Q6 | ayer of netal (for the second el ectrode of the MM
capaci Fg?fg’?p?]@?éezrzeaﬂ f/lgcéni()quﬁsf:&rl@a(fjl‘*toarniq:@r?‘nttnf“f“ifjaé and 9T & °9f 2Ant |

Ref |l ect ] i form a_good anti, reflecti | ayer for the econd
el ect rgéégrr%s)%g: naqyaet(fdi(}{(}iro%gf}losgg?%n F s 229 %?ér %E? p%?%‘?%%ﬁrbr?foft he

surfac t ond el ectrode during the spacer etch). An etch is then
per f or ﬁgggfogf%cg%?%e Sglé:%gﬁcef'

In accordance with the objectives of the invention a new
processing seguence is provided for the creaticon of a MIM
capacitor. The process starts with the deposition of a first
layer of metal {(for the first electrcde of the MIM capacitor),
preferably comprising an aluminum-copper alloy, over a
semiconductor surface. Ngxt are deposited in the sequence listed,
a thin layer of metal (for a surface layer of the first electrode
of the MIM capacitor, as a buffer layer for the via etch),
preferably comprising titanium nitride, a layer of insulation
that has the dual functions of serving as the dielectric for the
MIM capacitor and of serving as an etch étop laver {(used during
the various etching steps of the invention that is during the
etch for the second electrode of the MIM capacitor, during a
spacer etch and during a via etch to establish contacts to the

MIM capacitor}, preferably comprising silicon nitride, a second




el ectrode of the H M capacitor (using the etch stop |ayer to-rgtﬁndAM'lﬂﬂ@
etch), M M spacers are forned on the sidewalls of the second electrode of
the M M capacitor (also using the etch stop layer to stop this etch), the

M M capagit.or.d .50l etching through the second |ayer of
i nsul at?%”ﬁé‘gno tﬁﬁgﬁfiié‘?gl‘%‘érs% T teélecﬁfgdf’h‘éffwesfmé’ll EEPPBHECOTThis is

fol | owed. by canventjopal . processin to greate contact points to the MM
capaci t%??‘%ﬁ%El\gz %EE%E&TP#?]\FJCEDIJI—']% DRA-RES2 B g8 . L4 P6uBht4 show a
convent}on, met.hod of crea&%%{\a M M capacitor, as follows: Fig. 1 shows a

cross sectioh of a &éniéo 19 LY a8 laref w5t F Ligwsal &Pkohhdas been

deposi tggcgr\l/ciar th% ;ﬁrface, of the substrate, a first |ayer netal has been

deposi t 84" AN DA TEPRBIN S Er BAtTHY & Fi -6t SBFBERT gte ‘ofl2he e&pacitor, a

first layer of 6 !G g JAN 2aU6 capaci tor dielectric has been deposited over
t he sur?g%'éecotflq”hg s Bgtf‘a\fe‘?c‘?i‘bg DS HERSTE BEBSEradectdusanef thhe substrate
after a_second  |ayer of netal has been deposited over the |ayer of

capaci t dP2CHf 1% ri 60 BFG? 35 shfs Rerdosgedseet form dftesechedsecond | ayer
of netal. has been patterned and etched creating a second el ectrode for a
H M Capaé??%ﬁqde of the MIM capacitor (using the etch stop layer to stop

this etch), MIM spacers are formed on the sidewalls of the second
electrode cf the MIM capacitor (also using the etch stop layer to
stop this etch), the MIM capacitor is isolated by etching through
the second layer of insulation and the first layer of metal of
the first electrode. This is followed by conventional processing

Lo create contact points to the MIM capaclitor.
BRIEZF DESCRIPTION OF THE DRAWINGS

Fig;. 1 through 4 show a convention method of creating a MIM

capaciteor, as follows:

Fig. 1 shows a cross section of a semiconductor substrate, a
layer of insulation has been deposited over the surface of the
substrate, a first layer metal has been deposited and patterned,

Creating a first electrode of the capacitor, a first layer of




Fig. 4 shows a cross section of the substrate after the Iayem &)fJAN'ZGHB
dielectric has been deposited over the substrate, openings have been
created in the layer of dielectric, these openings have been filled, with

met al fQ148irg rmetal c60nl ACka PGS d@ﬁowee&ié%rm tshe rseeond ehectrodes
of the M Mcapacitor. Figs. 5 through 11 address the invention', as

fol | ows.,Hi Q0 Shows a cross section of a sem conductor substrate, a

| ayer of insulation has been deposited over the surface of the substrate,
successive layers of the invention have been deposited over the surface of
the layer of insulation. 7 06 JAN 2U 6 Fig. 6 shows a cross section after a

layer of ph[-ofqo.rezSis%wshQS been depasited and 91‘?8?&9&%5%?%%%9” for

the etch of he second el ectrode of the capacitor OWS a Cross

sectio erqt e d c . .Of . e acl| ) ched, a
| ayer g?gé%é%%fﬂ§f§1gg?rngﬁaséggig%LH§%%§i?gg.*%%g¥(géé% &gﬂgggross
sectiogigiéfg spacers have been formed on the sidewalls of the second

el ectrode o ﬁhe‘capaoitor. Fig. 9 shows a cross section after a patterned
| ayer of photoresist has been created in preparation for etching the

| ayers of dielectric and first electrode netal of the capacitor. Fig. 10

shows a Cr0§§g§e§tgﬁg%sa%t%&ogges£@¥§5§ égtéy %h%cgég8nd layer of metal

has been patterned and etched creating a second electrode for a

MIM capacitor.

Fig. 4 shows a cross section of the substrate after the
layer of dielectric has been deposited over the substrate,
openings have been created in the layer of dielectric, these
openings have been filled with metal forming metal contact plugs

to the first and the second electrocdes of the MIM capacitor.

Figs. 5 through 11 address the invention, as fcllows:

Fig. 5 shows & cross section of a semiconductor substrate, a
layer of insulation has been deposited over the surface of the
substrate, successive layers of the invention have been deposited

over the surface of the layer of insulation.

-1




and first electrode netal have been etched, the |ayer of phcmcﬁ e’ﬁ’\é'ﬂﬂﬂﬁas
been renoved fromthe surface. Fig. 11 shows a cross section of the
processing that is required to establish points of electrical contact to

the capacitog. ¢TstowAN 2006 sDESER BT ON OF .THE  PREFE FMBODLMVENTS

Figs. 1 through 4 first address conventional proCedures for the creation

of a MMcapagi 05,5 NRseRr aeedurgsaare dngluded Lne,prder é&@e&ft er
illustrate the advantages that are provided by the invention. Referring

now spegif keabhy £0eH &hael ot hakechgashows a cross section of a silicon
substrate 10, It is assuned that sem conductor devices (not shown in Fig.

1) have been created in or on the surface of substrate 10, anobng these
sem conductor devices are preferably included CMOS devices of either

iti > ti N .Rolacjity. ,An l.at i I 2,
positive (Fl .)79£h@$9%1%%%@% gggkﬁgﬁoggéay Jgpsggsudaeﬁggar%%epa he

typically conprising silicon ox ) “has™ beén gposf

surface . of substrate. 10 .usin thods of Plasma Enhanced. Chenm cal Vapor
Deposi%ﬁgnCFBEEVE *t%%% %ﬁTbkﬁggggéfabg?%%énohﬁﬁﬁfe‘7 6813hﬁri%35ﬁ3 :
Angstrqm__It, i possi ble to deposit layer 12 to a thickness in excess
of 130%ﬁeﬂn8§ ?82&%%6 to further polish the surface of the deposited | ayer

12 of insulation using nethods

Fig. 8 shows a cross section after spacers have been formed

on the sidewalls of the second electrode of the capacitor.

Fig. 9 shows a cross section after a patterned laver of
photoresist has been created in preparation for etching the
layers of dielectric and first electrode metal of the capacitor.

A

Fig. 10 shows a cross section after the lavers of dielectric

and first electrode metal have been etched, the layer of

photoresist has been removed from the surface.

Fig. 11 shows a cross section of the processing that is
required to establish points of electrical contact to the

capacitor.




of Chenmical Mechanical Polishing (CWP), reducing the thi cknes[g B +JAN: Be0s

| ayer to about 13000 Angstrom 9 10 B JAN' 2UUg A | ayer 14 of conductive
material, typically conprising an alum num copper (AICu) alloy is

deposi ted over theDgﬁﬁi ce of layer 12 of insulation to a thickness

bet ween about 4000 ' N RigStiFoft e SERE et RS Y&t IBhy si cal  Vapor
Deposition (CVD). Layer 14 is then patterned and etched Usi ng conventi onal
nmet hods of photolithography and ani sotropic plasma etching, renoving the

| ayer 14 from above the surface of |ayer 12 of insulation in a pattern
that forms tHE filr SNT8RERL f otier Y widre M Mredpatleorl MNexeddepesEeed over
the surface of the patterned |ayer 14 of the first electrode of the MM
capaci £BF FEea Iy & #6MoF ctapacitor Wicskestprredutor dmstiardadednpni sing
silicon dioxide (S4 02), deposited using nethods of CVD to a thickness of
bet weeR™9&botit AT 24nd*10BD- AFRyst FomEBrfese Shi Jht di et evtaviigedonst ant
dielectrics can be used for layer 16, such as a |laver of oxide-

nitri dePBxIYESTEND). In depositing a layer of ONO that is a |ayer of
oxide-nitride-oxide, the first laver of oxide is native oxide or thermally
grown oxi de or CVD deposited oxide. The nitride is grown in a | ow power
furnace at a tenperature within the range of 600 to 700 degrees C. to a

t hi ckness WERFH e novafgechiipet e 40.%and . 200epngss romwst ke cikbnal

oxi dation | ayer o
sectionh of a silicon substrate 10, it is assumed that

semiconductor devices (not shown in Fig. 1) have been created in

or on the surface of substrate 10, among these semiconductor
devices are preferably included CMOS devices of either positive
{(PMOS) or negative (NMOS) polarity. An insulation layer 12,
typically comprising silicon oxide (SiCZ) has been deposited over
the surface of substrate 10 using methods of Plasma Enhanced
Chemical Vapor Deposition {(PECVD) to a thickness of petween about
7000 and 13000 Angstrom. It is also possible to deposit layer 12
to a thickness in excess of 13000 Angstrom and to further polish
the surface ofrthe deposited layer 12 of insulation using methods
of Chemical Mechanical Polishing (CMP}, reducing the thickness of

this layer to about 13000 Angstrom.




is growmn in a |low power furnace at a tenperature within the rrarﬁge’ANbémﬂﬁeen
750 and 800 degrees C. for a tine period within the range between 30 and
60 m nutes. The material that is typically used 10 T 6 JAN 2006 for the

| ayer 16 of dielectric is required to conprise a high dielectric constant
mat eri al an@d éanef het For® ¢masiiveensitrton towide {3 OPpprisidticom nitride
(Si3N4), tantalum pentoxide (Ta®), all of these material to be deposited
to a tHiickness bepaeen(Aldbouta 100 and<2009: AWvystieomihiextr facheof or med nust
be the second el ectrode of the MM capacitor. For this, a layer 18, Fig.
2, of conductlizvefmateriatiion typiacdhliykoeaprisivegnt kbaniuftdd tande3qOT N) is
deposited over the surface of' the layer 16 of capacitor dielectric to a
t hi cknessys thetweeanaboet n GO0 aEnd30CzAngsbromarsisng inet hods) of LMY Layer
18 can al so be sputter deposited using a titaniumtarget in a nitrogen
envi ronients tHee pateeiadd tdrad dtshesedsfion ¢hevesedomd: ekebbdedefi s not
limted to titaniumnitride but can also conprise other netals such as

al um nughati odeid wictchropppet orisdldapis thereof¢tdopper rerotiingstien. After
the layers for the first electrode, the dielectric and the second

el ectr otevef ihdvhMecapacttorshairedednldeposil et intsheadeéposites | ayer
18, which is used for the second el ectrode of the MM capacitor, nust be
et ched astshowthat ¢ross seetfomnst relectrode 14 of a MIM capacitor.

Next debosited over the surface of the patterned layer 14 of
the first electrode of the MIM capacitcr is a layer 16 of
capacitor dielectric, for instance comprising silicon dioxide
($102), deposited using methods ¢f CVD to a thickness of between
about 100 and 1000 Angstrom. Cther, high dielectric constant
dielectrics can be used for layer 16, such as a laver of oxide-
nitride-oxide (CNO). In depositing a laver of ONO, that is a
layer of cxide-nitride-oxide, the first laye;-of oxide is native
oxide or thermally grown oxide or CVD deposited oxide. The
nitride is grown in a low power furnace at a temperature within
the range of 600 to 700 degrees C. tc a thickness within the
range of between 40 and 200 Angstrom, the final oxidation layer
is grown in a low power furnace at a temperature within the range
between 750 and 800 cegrees C. for a time period within the range

between 30 and 60 minutes. The material that is typically used

10




Fig. 3. Left in place of layer 18 is a portion of |ayer 18 tkmts JAN 3805
with the |ower electrode 14 of the M M capacitor while enough of the |ayer
18 is renmoved so that a contact with the 11 V 6 JAN 2U06 | ower el ectrode
can be established. This becones nore clear from the cross section that is
shown FarFirg Wy b g thatersriapp irmdiufiordt he coemtion «ofritthe patterned
| ayer of 18 that is shown in cross section on Fig. 8 can be a plasma etch
t hat Howkverr ustontsdve tamhicghiet cdndg atdro wof: relie rpetahp ofsd ha iliaper 18

with respect to the underlying |layer 16 of capacitor dielectric. This etch
rati o ¢sfdeetCaf, |sEyerob8niersds tdenNd el eotadgirofenkayesie 16)ad-s,
typically as a mninum 3:1 and preferably exceeds this ratio. If alum num
or coppéh of amead lmyetieneab bs usessfword dcapernl8rnthe wich«ef this |ayer
13 for the creation of the second electrode of the MM capacitor can be a
hi gh- dehsi:t y10pl asiel (OMDRngetcehmusi ng G as an etchant gas. A | ayer 18 of
TiN can be etched using Reactive lon Etching (RIE) of HDP etching

appl yi ng an etchant gas such as boron trichloride (BCI3) or 2. The cross
section that is shown in Fig. 3 essentially conpletes the creation of the
M M capaci t Bext Asc aod i Madmest epsikSbe ShoaWsddbrel @SS cseetii0ff ofndFivtm 4 t he
establi shing of connects to the first (14) and second (18) el ectrode of
the M Nhpapacbtorfor Fori 4,hizss 1Jpyepose, arie) at,i vwal yohbek: tayer: 24 af,
dielectric or

typically comprising titanium nitride (TiN) is deposited over the
surface of the laver 16 of capacitor dielectric to a thickness
between about 500 and 1000 Angstrom using methods cof CVD. Layer

18 can also be sputter deposited using a titanium target in a

H

nitrogen environment. The material that is used for the second
electrode is not limited to titanium nitride but can also
comprise othex metals such as aluminum mixed with copper or

alloys thereof, copper or tungsten.

After the layers for the first electrode, the dielectric and
the second electrode of the MIM capacitor have been deposited,
the deposited layer 18, which is used for the second electrode of
the MIM capacitor, must be etched as shown in cross section in
Fig. 3. Left in place of layer 18 is a portion of layer 18 that
aligns with the lower electrode 14 of the MIM capacitor while

enough of the layer 18 is removed so that a contact with the

11




insulation is deposited to a thickness of between about 2000(!&?61(1’:4’@4@350
Angstrom using nethods of PECVD and formng a |ayer of Inter Metal
Dielectric (IMD). Inter Metal Dielectric layer 20 can contain any suitable
di el ect rﬂo%Pgug eg,swg' |icon, dioxide ("oxide", 12 10 6 JAN '2006 doped or
undoped) or “siTTcon hi tT1dES CAFEPT 88nge - sitticbrceryni teiedes lddudropol yner,
paryl enet,hppol yimde, tetra-ethyl- ortho-silicate (TEGCS) based oxi des,

bozo- phosphat 878 Preat e | 47%4ds 13( BPRG , i phoisphd--sEkFbate- grassi { PSG) ,

bor o- si Iai cate-glass (BSG), , .oxide-nitride--oxide (ONO, a low dielectric
const ant® Pvareri af* “SucH % HPdPogERe sPE SEnisicoraneranl HDPEIRSG is

(hi gh-derg}si ty-;BI asma fluorine-doped silicate glass. Conventional nethods
of phot &1'It"Rogr aph§® Tortfiéd ®t Aidand set® o1 @ etflehinagearke used to create
openi ng%021‘agd 23 _through the layer 20 of IMD. After these openings 21
and 23 HAVE7Heel tridilted d9CoRAGE FRl: fretfalthesmehadsoant i U yrmTiGopper
al | oy, iwslthde osited over the surface of |layer 20, filling the openings 21
and 23 Wth tAESchnductishg WeraY1aAdlestabld st ngreohtactdptlgs:ri22 and .
24. Contact plug 22 .conpectsbwith the second el ectrode 18 of the MM
capaci t or “Wwhi F&" cbhtaet ' Pl M§24 86nhares Wi tieustre thierdtedtettiods 14 of
the M Ml%ae@cL%fr. In current sem conductor technol ogy, the application of
an anti=refl &&tive TOatig Y ARG Tsninwel 3 used PoefehebIpromtdens of
this ratio. If aluminum or copper or an alloy thereof is used for
fayer 18, the etch of this layer 18 for the creation of the

second electrode of the MIM capacitor can be a high-density

(=9

plasma (HDP) etch using Cl as an etchant gas. A laver 1 TiN

-
]
0

t

can be etched using Reactive Ton Stching {RIE) of HDP etching
applying an etchant gas such as boron trichloride (BCl3) or Cla.
i ]
The cross section that is shown in Fig. 3 essentially

completes the creation of the MIM capacitor. As a final step is

shown in cross section of Fig. 4 the establishing of connects to
the first (14) and second (18} electrode of the MIM capacitor.

For this purpose a relatively thick layer 20 of dielectric or

insulation is deposited to a thickness of between about 20000 and
24000 Angstrom, using methods of PECVD and forming a layer of

Inter Metal Dielectric (IMD). Inter Metal Dielectric layer 20 can

contai 1y sul : ' ! 114 Lo
inany sultable dielectric such as silicon dioxide (“oxide”,
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a mask that is used for the patterning and etching of the rret-fglﬁ Méﬁ{m
that are part of a MMcapacitor. Anti reflective coatings formone of the
nmet hods that are used to reduce the scattered 1ight phenonmenon. ARC S are
typically a polymer filmthat is, for 13 T 6 JAN 2U05 t he exposure

wavel edgbés, cthiwghopeabsorbenglofn thes tink dentvkigdt), and inem bl eachi ng. The
| i ght absorption by the ARC coating reduces the intensity of the reflected
| i ght ardp:iiniso ddinmgopoalkhews pittiead, diorensieas wof:deviwe feature size
to be acconplished. The ARC coating can typically be applied directly to

t he suptarce-oflacsubsinrate ahted whicds t he phetoseshst-can de «-depesi ted on
top of the ARC coating. ARC coating can also be applied to the

construyebson, ofhdEite>-cAIRlcaxedgvbce featur esrsuehliasicf@radnstzange, gate
structures for MOSFET devices. The ARC coating can also be conbined with

t he depesttront oidotdigrde mateni aksisuch; éised-hecl AsELE 0N Wita-dayer of Si ON
between the photoresist and the underlying gate material. The application

of ansARE epatidgp@ar tdialdey qphiarank zesd tine-waker nt gRogs aphyy therehy
reducing light scattering effects. The underlying |ayer of ARC nakes the

| ayer cfiupheherespsd dworieawri Hoeas . which helps to Il reduce variations in
line width of device features. The following Figs. 5 through Il will now be
described in

Conventional methods of photolithography combined with
anisotropic etching are used tc create openings 21 ahd 23 tnrough
the layer 20 of IMD. After these openings 21 and 22 have been
created, a conducting metal, such as an aluminum/copper alloy, 1is
deposited over the surface of laver 29, filliné the cpenings 21
and 23 with this conducting metal and establishing contact plugs
22 and 24. Contact plug %2 connects with the second electrode 18

of the MIM capacitor while contact plug 24 connects with the

first electrode 14 of the MIM capacitor.

In current semiconductor technology, the application of an
anti-reflective ccating (ARC) is widely used for the formation of
a mask that is used for the patterning and etching of the metal
layérg.that are part of a MIM capacitor. Anti reflective coatings
form one of the methods that are used to reduce the scattered

light phenomenon. ARC’s are typically a polymer film that is, for

13




detail, these figures show the invention for the creation of 06 wn 2008
capacitor. Shown in the cross section of Fig. 5 are the follow ng | ayers
and surfaces: 14 T 6 JAN '26% 10, is the cross section of a sem conductor
surface, which preferably conprises a nonocrystalline silicon substrate
12 is &bkayerovfrs nSUICAENBRNE hal L fiasy e deépasPf eehoviercitdrat daphace of
the substrate 10; this layer of insulation preferably conprises silicon
di oxi déngnacise &t ergbl yhedepssi t @S¢ oo e rhirek hes sAHet Wedri ngbout 7000 and
1300 Angstrom but nore preferably to a thickness of about 10000 Angstrom
30 is acdager bhealumnsdmycoppérnc( AP Egcd gy ghdepodi ted Bvealoinghe surface
of layer 12 of insulation to a thickness of preferably between about 4000
and 8000 lAngstromdult droeasipref efabeyl GO00:3ANgsSt sonE USP e net hods of

Physi cal Vapor Deposition (CVD) 32 is a layer of titaniumnitride (TiN)

t hat hascoaenidepdsitied ARGverathadsarhatee ofaltilye bkayerl 367 of i wayrdai t or

al um num copper (Al Cu) alloy to a thickness preferably between about 300
and 400 Ahgstrofebutohor esyyséfretgbkytep whidi chressobbrapout 350 beAngstrom
usi ng net hods of PVD. Layer 32 can al so be sputter deposited using a
titani ymapcariget tn omidd dgen AEAvicrehmeat ; ARC coating can also be

applied to the construction of more complex device features such
as, for instance, gate structures for MOSFET devices. The ARC
coating can also be combined with the deposition cf other
materials such as the insertion of a layer of SiON between the
photoresist and the underlying gate material. The application cof
an ARC coating partially planarizes the wafer topography thereby
reducing light scattering effects. The underlying layer of ARC
makes the layer of photoresist more uniform, which helps to

‘4

reduce variations in line width of device fsatures.

The fcllowing Figs. 5 through 11 will now be described in
detail, these figures show the invention for the creation of a

MIM capacitor.

Shown in the cross section of Fig. 5 are the following

layers and surfaces:

14




t he conbined | ayers 30 and 32 are used for the first el ectroorgﬁo’m\l 280sM M
capacitor as will be clear for follow ng cross sections; |layer 32 further
serves as a buffer layer during subsequent via etching as will be clear at
a later tine (see Fig. 10) 15 A0 6 JAN 2006 34 is a layer of silicon
nitride (Si3N4); the layer 34 of silicon nitride (Si3Ni4) can be deposited
usi ng PECVD procedures at a pressure between about 200 mTorr and 400
mlforr, at a tenperature between about 600 and 800 degrees C., to a

t hi cknese ptef etabtlye ofradbowreS0@rand A0BeAngshdont but swolrace préfiertabl y of
about 600 Angstromusing NH3 and SiH4 or SiC2H2. The silicon nitride

| ayer 34 caprafspaihey depgstieds usimgolRE@YDalpt oeedul esonussuigs arateact ant gas
m xture such as dichlorosilane (SiC2H2) as a silicon source material and

ammoni a (NH3) as a 1 nidF agen SOUrGe.onaknact gARERALHN gohel een ahouty K00 and
800 degrees C., at a pressure between about 300 niforr and 400 niforr, to a

thi ckness PLeteLAD! e ofn abQUl. A0A. AN, TR0 18ng5LECM, ¢ UL (RL(E: i of erably of

about 600 Angstirom Tayer silicon nitride perforns the dual function
of serving as I r of _dielectri.c (i | .at.ion) ,b first and the
second e!egf?gﬁﬁg%ﬁyt?ﬁ?&ﬁ%ﬁ%&uﬁiﬁﬁ%ﬁg gﬁ Xgéesg%gigémggg%é%%ﬁl st op
layer durlngegggfgggegg gtggfkégegg(gyt@%bntg gukagbg5 gggcfééH]Angstrom

but more preferably tc a thickness cf about 10000 Angstrom

¢ 20 is a layer of aluminum copper (AlCu) alloy, deposited over
the surface of layer 12 of insulaticn to a thickness of
preferably between about 4000 and 8000 Angstrom but more
preferably 5000 Angstrom using methods of Physical Vapor
Deposition {(CVD)

¢ 32 is a layer of titanium nitride (TiN) that has been deposited
over the surface of the layer 30 of capacitor aluminum copper
(AlCu} alloy to a thickness preferably between about 300 and
400 Angstrom but more preferably to a thickness of about 350
Angstrom using methods of PVD. Layer 32 can also be sputter

deposited using a titanium target in a nitrogen environment;

the combined layers 30 and 32 are used for the first electrode
of the MIM capacitor as will be clear for following cross
sections; layer 32 further serves as a buffer layer during
subsequent via etching as will be clear at a later time (see

Fig. 10)
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will become nore clear in the following figures of the invermiﬁ)rJANBBG{iﬁs a
| ayer of titaniumnitride (TiN); layer 36 of Ti N can be deposited using
titaniumnitride as a source at a deposition tenperature of about 25
degrees C., deposited for a tine of about 20 seconds using a PVD process,
preferably deposited to a thickness of between about 1500 and 2500 16 10 6
JAN 2006 Angstrom but nore preferably deposited to a thickness of about
2000 Angstrom the second el ectrode of the MM capacitor will be forned
fromlayer 36 38 &slaydayer =ofliARG matteridal ;(S¢ementthendbyrat efiafs and
conventional nethods of deposition can be applied for the creation of

| ayer 38 of sARC-ohhihsttayer (3is,npr ef errally dgpesiteed usdng PACCRNesscofiures
bet ween about 300 to 500 Angstrom but nore preferably to a thickness of

about 400 Aggshr phes &l B0 sHsAChibonmrbat hsdshownnierFi gat & the
| ayers 30 and 32 are used to formthe first electrode of the MM

capacitor, tLayeraddrd Spdtheedi elieald i@al aver :0b khgrMM capaci tor while
|l ayer 36 is used to formthe second el ectrode of the MMcapacitor. In the

cross sect | ap,that L, shawiifl [ 0.i0:2 o8t Leanodoandscdeyeloned diaver 40

of photoresist has been created on the surface | ayer

COnVentiO”agrg%épggfy°$f3§B£hé“%ﬁd'H%g%%%ohaﬁgﬁng NH, and SiHs or SiCl;H,.

The silicon nitride layer 34 can also be deposited using PECVD
procedures using a reactant gas mixture such as dichlorosilane
{31iC1lsH;) as a silicon scurce material and ammonia (NHs) as a
nitrogen source, at a temperature between about 600 and 8CO0
degrees C., at a pressure between about 300 mTorr and 400
mTorr, to a thickness preferably of about 500 and 700 Angstrem
but more preferabkly of abcut 600 Angstrom; layer 34 of silicon
nitride performs the dual function of serving as a layer of
dielectric (insulation} between the first and the second
electrode of the MIM capacitor and of serving as an etch stop
layer during subsequent steps of etching; this latter function
will become more clear in the following figures of the

invention

e 36 is a layer of titanium nitride (TiN}; layer 36 of TiN can be
deposited using titanium nitride as a source at a deposition
temperature of about 2% degrees C., deposited for a time of
about 20 seconds using a PVD process, preferably deposited to a

thickness of between about 1500 and 2500

16




40 of photoresist are used for the deposition of |ayer 40 of rﬂ&oﬂﬁ @805st ,
t hese conventional nethods are followed wth nethods of photolithographic
exposure and devel opnment of the deposited | ayer of photoresist, leaving in
pl ace on the surface of |ayer 38 of ARC a patterned | ayer 40 of
photoresist that is aligned wth the to be created second el ectrode of the
MM capacitor. 17 TO 6 JAN ' 2006 Layers 38 and 36 are next etched, shown
in cross sectionin Fig. 7, using |layer 34 of silicon nitride as the etch
stop | ayer Aagdtrperetorecrarticdfiaspdenseratifglt RPsa| ByeekBass Lfacdsridance
with the pattern of the overlying | ayer 40 of photoresist. As a final

| ayer that R8CS§hdmmstrorer ddse swotdioh dlpctirgde7oifsthe| Yylér capacgfors peiclar
dielectric that has been deposited over the surface of the exposed |ayer
34 of silicba fAptmedefamd tdeersutd ace of the etched |ayers 36/38. Layer 42
is used to formspacers over the sidewalls of the etched | ayer 36 which

as previ qushky &@dgcgéféif of HHrE Hhe seqondcelkecttedel ohatbei MMLgapaci tor.
Etching of layer 36 of "tin typically uses anisotropic etching with an

et chant gasc8ﬁv88€18$aifméﬁgééﬁ)éﬁ &g%%sigﬁ%%1caE}EEB%Pﬁgléd §SE4MM§nd C12

at a tenperature between about 100 and 200 degrees Spaces over

si deval | s OEr%gglggngHCf§§e§Qﬂ§t5éK§§%, %%ﬁ@ %ﬁyer is preferably deposited

to a thickness of between about 300 to 500 Angstrom but more

preferably to a thickness of about 400 Angstrom.

From the cross section that is shown in Fig. 5, the layers 30
and 32 are used to form the first electrode of the MIM capacitor,
layer 34 is the dielectric layer of the MIM capacitor while layer

36 is used to form the second electrode of the MIM capacitor.

In the cross section that is shown in Fig. 6, a patterned and
developed layer 40 of photoresist has been created on the surface
of layer 38 of ARC. Conventicnal methods of spin ceoating the layer
40 of photoresist are used for the deposition of layer 40 of
photoresist, these conventional metheds are followed with methods
of photolithographic exposure and development of the
deposited layer of photoresist, leaving in place on the surface of
layer 38 of ARC a patterned layer 40 of photoresist that is
aligned with the to be created second electrode of the MIM

capacitor.
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gate el ectrode or capacitor constructs, are typically fornmed mL&iM'ZUUE
materials such as silicon nitride, silicon oxide, BSG PSG polysilicon,
other materials preferably of a dielectric nature, CV(c) oxide forned from
a TECS source. Oten used materials are anorphous materials that inhibit
the deposition of epitaxial silicon thereupon. Spacers can for instance
can be fornmed by first 18 ro 6 JAN 2006 depositing a | ayer of silicon oxide
after which applying an anisotropic R E procedure using CHF3, CF4 and H2 as
an et chant . L&pecEf Beahhy, 3spacers 44 etkingd, 8shedn be €opaedsesiign aPECVD
process, using tetraethylorthosilicate as a source, to deposit a silicon
| ayer 42 mitg.a t,enpamrat uegchbeBheeh aboutonh0l @ndle 2G0 tdegredes E€Lopolayer
t hi ckness bet ween about 2000 and 4000 Angstrom Anisotropic selective RIE
processi nthdisimg Q4 candrif2aasy péobanising wsied lageer €t € sSiakicoadanxéde
sidewal | spacers. Fig. 8 shows a cross section where spacers 44 have been
created qpihers dewaldrs of kayepv3B19indildydt he secondtelesttadensoh the
M M capacitor) in accordance with the processing steps as indicated above.
I't nust be not edJjdt kit 8st Babwhhent bigkness ofon liayeri 34 70fisshl hgpBr 42
nitride, that is overlying the surface of layer 32 of titaniumnitride,
has been Jedyeed | nalont; BY A0 ARUNbecn Ui NGCANSE NG Heakek 3. 0bs
rirde 1s used as th

silicon niti e etc stop layer for the etch of the spacer
| ayer 42’t£gg%x§%sek?ﬁ%&e§484 of silicon nitride and the surface of the

etched layers 36/38. Layer 42 is used to form spacers over the
sidewalls of the etched layer 36 which, as previcusly indicated,

forms the second electrode of the MIM capacitor.

Etching of laver 36 of Tin typically uses anisoctropic
etching with an etchant gas of one of the group of CFi. CHF3,
CHCli;, CCl,, BCl; and Cl; at a temperature between abcout 100 and
200 degrees C.
Spaces over slidewalls of semiconductor constructs, such as
gate electrode or capaciter constructs, are typically formed
using materials such as silicon nitride, silicon oxide, BSG, PSG,
polysilicon, other materials preferably of a dielectric nature, CVD
oxide formed from a TEOS scurce. Often used materials are
amorphous materials that inhibit the deposition of epitaxial silicon

thereupon. Spacers can for instance can be formed by first
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of etch stop, is, as part of the function of serving as an etmfﬁ Mtf\b'}g%gﬁ
reduced in thickness before the etch of layer 42 is conpleted. Fig.

shows a cross section after a | ayer 46 of photoresist has been deposited
over the structure of Fig. 8, this layer is 19 T 6 JAN 2006 patterned and
devel op&rassitagocenvent ¥ on@al s neitchodexafic photolyitinogreapiyiandaexposur e.
Openi ngs 48 and 50 have in this manner been created through the |ayer 46
of photorexitsticpichBse poperivigs U8 randH50, dife ereatedsf en ehenhputpose of
etching the dielectric layer 34 and the first electrode |ayer 30/32 of the
M M capacitor, thereby isolating the MM capacitor fromits surroundi ng
environment. This is further shown in the cross section that is shown in
Fig. 10, whelrectilécpatyersescdayers 46iaf. photor esd stohast wbeen wsed as a
mask for the etching of the underlying |ayers 34, 32 and 30. Layer 34 of
si | i conPRAND idecsesyessasg ane stap: i dvar-hbet 11 here devel eanente, okot he | aver
46 of photoresist and serves as an etch stop laver for the etching of the
under | yilogedayer s32iobnTLAyanddiB80at of tAGarathoy.pdtheabjecticveobnathe
deposition and devel opnment of photoresist layer 46 is to create openings
48 and B0 idedides kcayen asonibatedhasawepankpgst caderidsedotoo el ectrical ly
isolate the MM capacitor, that is to separate the first electrode 30 of
the M Mingstrom. Anisotropic selective RIE processing using CHs and Hz as

etchants is used to create silicon oxide sidewall spacers.

Fig. 8 shows a cross section where spacers 44 have been
created on the sidewalls of layer 36 of TiN {the second electrode
of the MIM capacitor) in accordance with fhe processing steps as
indicated above. It must be noted in Fig. 8 that the thickness of
layer 34 of silicon nitride, that is overlying the surface of layer
32 of tfitanium nitrice, héé been reduced in height by an amount.
This because the laver 34 of silicon nitride is used as the etch
stop layer for the etch of the spacer layer 42, Fig. 7. Laver 34,
of etch stop, is, as part of the function of serving as an etch

stop, reduced in thickness before the etch of laver 42 1is

completed.

Fig. 9 shows a cross section after a layer 46 of photoresist

has been deposited over the structure of Fig. 8, this layer is
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capacitor fromits surroundings. This is shown in Fig. 10 whefd Jpedbogos
52 have been etched, penetrating through |layers 34, 32 and 30 down to the
surface of the layer 12 of insulation. This in effect creates the first

el ectpode 3Q4 that 4LS.$ 1 in cross section in Fig. 10. It is clear that
first electrode 30" has %gnﬁglcz}geactoéﬁewl@f‘%hirﬁ‘“gtfr%gr‘ero%o, Fig. 9, in

accorgdance with the 20 T 6 JAN 2006 openi ngs 48 and 50 that have been
created in t he%lrayef' 4%Jofxg€?1uo*teo'r g)é)leg‘llf‘gﬁ/ef fiot atft hsrecéssthgs condi ti ons

for the,variQus Laye ye previouysly been highlighted and will therefore
not be further grscuégegﬁﬁ?u%it\é% iLir?é?*AéoaO?iﬁ’facft%ftf@ﬁsitn thesereation of
a M Mccapagid g, _the-.creation of contact points to the first and second

el ect r“odegr@of % ﬁéQNFRA Capati 1or°9 £9ShowA PRERS TS LB eschonsi phdi g, 11. A

| ayer b4 . of . en_deposited over the structure of Fig. 10, openings
55 and 57 5@@@32@0?%?%% I'h the StafeFc54°6¢ M Redtride openet riating down
to Iaé/aerg C3iqioq:f tttglerggcond fl ectrode of the MM capacitor and |ayer 30" of
the fiTst electrode of the MM9 ddfatittior2rre Openiams t55sandodidhaye been
fill egmy\hthm%nltayﬁ%.of_ rrlgt al which has been polished dowmn to a thickness
over | yi ng THE  ‘surfage* df 1 &§RGT 540 drefeeteiess creeatibngteondust i ve pl ugs
56, 10 the nseEclondlgl ectrode of the MM capacitor, and conductive plug 58
to the T1rst eldct Fode™30°C of"% e tiekredpaeyeori6 THe chhitokaesst has 7

been used as a mask for the etching of the anderlying layers 24, 32

L T ¥ 3 1 1 9
ancd 30. Layer 34 of silicon nitride Serves as an stop laver for the

deve] £ of r :
eveiopment oI the laver 46 of photoresist ang serves as an etch

stop laver for the etching of the underlying laver 32 of TiN and 30

of AlCu alloy.

H - Ao

photoresist layer 46 is to create openings 48 and %0 in this layer

s that these i | ' i
openings can be used to electrically isolate the MIM

capacitor, that is to separate the first electrode 30 of the MIM

capacit r 1t r i is ] i
pacitor from its surroundings. This is shown in Fig. 10 where

openings 52 have been etched, penetrating through layers 34, 32 and

30 down to the surface of the layer 12 of insulation. This in

effect c i ! i
reates the first electrode 30’ that 1s shown in cress

section in Fig. 10. It is clear that first electrode 30’ has been

Created by etching layer 30, Fig. 9, in accordance with the

20




of netal that remains in place overlying the surface of the L“hﬁﬂJAhB@ﬂmﬁ
dielectric can further be patterned, thereby creating interconnect traces
or contact pads 60 and 62 which are shown in cross section in Fig. 11. It
is clear fromthe cross section that is shown in Fig. 11 that the MM
capacitor is now ready for further interconnection, using contact points
60 and 62 to access the second (36) and first (30') electrode of the MM
capacitor. This conpletes the MM capacitor of the invention. 21 T 6 JAN
' 26% Laye?roainss difelase¢t Si0c tban beva petatFvetyed hitkheaviérsat “6diél ectric
or insulation and is typically deposited to a thickness of between about
20000 andol4000: Arajst r dpthesisngnaerhodss i nPEOVBIL b & draf idiea viegy.ersof
Inter Metal Dielectric (IMD). Inter Metal Dielectric |ayer 54 can contain
any suit abhesxh dleact hreviwets lgs beshl htonl dilokédeard oxi de'"thedegedeonot be
undoped) or silicon nitride ("nitride") , silicon Oxynitride,

fl uor opol ypefhepadyd @S edaltyithiderihetra-et hyl -ortho-silicate (TEOCS) based
oxi des, boro- phosphate-silicate-glass (BPSG, phospho-silicate-grass

(PSG, boro-sidigatier0l asep( BeGneoxi-det Nbh rd des oxiMe-{NPorg kow
dielectric constant material, such as hydrogen sil sesqui oxane and HDP-FSG

{ hi gh-dens}.¢ ye phasi ddgerdingcdopedsi Lhsat e- 9 ags Lmentdienak-cerkheds of

phot ol i t hography conbined with anisotropic etching are used to create

openi ngs é%anga%kgéHitor is shown in cross section in Fig. 11. A layer 54
of IMD has been deposited over the structure of Fig. 10, openings
55 and 57 have been created in the layer 54 of dielectric
penetrating down to layer 36 of the second electrode of the MIM
capacitor and layer 30’ of the first electrode of the MIM
capacitor. The openings 55 and 57 have been filled with a layer of
metal which has been polished down to a thickness overlying the
surface of layer 54 of dielectric, creating conductive plugs 56,
te the second electrode of the MIM capacitor, and conductive plug
58 to the first electrode 30’ of the MIM capacitor. The thickness
of metal that remains in place overlying the surface of the layer
54 of dielectric can further be patterned, thereby creating
interconnect traces or contact pads 60 and 62 which are shown in
cross section in Fig. 11. It is clear from the cross section that
is shown in Fig. 11 that the MIM capacitor is now ready for
further interconnection, using contact points 60 and 62 to access

the second (36) and first (30') electrode of the MIM capacitor.

This ccocmpletes the MIM capacitor of the invention.
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conductive plugs 56 and 58 through the | ayer 54 of | MD. After.mt&d;qﬂ'zggﬁ
openi ngs have been created though the |ayer 54 of IMD, a conducting netal,
such as an al um nuni copper alloy, is deposited over the surface of |ayer
54, filling the openings with this conducting netal and establishing
contact plugs 56 and 58. Normally, the plug wll be filed using CVD - W
foll owed by an etch back or CwP, 22 ftJ 6 JAN 2006 fol |l owed by depositing
metal using nmethods of FVD. The alloy process is at this time a (very old)
process for the 0.5 umdevice size devices. A brief review of the various
| ayers and their functions in the creation of the MM capacitor of the

i nvention i%a&fe,v%lduef gs .follows: layer 30 of an al um num copper all oy
is used to formtRe Prr&teefecirodén3os af rehet Mg capacikt anyeFigs 10 | ayer
32 of ;titaniumnitride is a surface |ayer for the first electrode of the
MIM c&paci tor-ard farther sRriesd ifs tyrboktéy dbpyeiteuriong thecehebing of
layers_34 (of insulation that serves, as the capacitive dielectric) and 30
(for ThePertarbrPeNE EPFPEP aet e2408déngEtthe, capas tarhodsi g« iﬁévéayer >
of titaniéjm nitride also serves as an ARC | ayer for the masking of the

| ayer " Of “HEHAS 4 d§EPr3afofneey iMsarlnDielder seEVeRumsS, ancet-ChosLop | ayer

duri ng. . '
Qlelec;rlc layer 54 can contain any sulitable dielectric such as

silicon dioxi “oxide”
ide (“oxide”, doped or undoped) or silicon nitride

. ot .
n- &.r st - 4 - - <
("nitride”), silicon oxynitride, fluoropolymer, parylene,

l1s/ims3 “ = - 114
bolyimide, tetra ethyl-ortho-silicate {TECS) based oxides, boro-
tides,

phosphate~silicate-glass (BPS3G), Phospho-silicate-glass (PSG)

ro-~oils tawal Ne| i ;
boro-silicate-glass (BSG), oxide-nitrice-oxide (ONOY, 2 low
f

dielectri < ma i
eCtric constant material, such as hydrocgen silsesguioxane and

HDP-FSG (high~density~plasqa filvorine-doped silicate glass

Conventional methods of photolithography combined with

anisotropic etching are used to create openings 55 and 57 for

conductive plugs 56 and 58§ through the layer 54 of IMD. After these

o) ¥
Penings have been created though the layver 54 of IMD, a cenducting

metal, such as an aluminum/copper alloy,

is deposited over the

surface of layer 54, filling the openings with this cenducting

metal and establishing contact plugs 56 and S8. Normally, the plug

will be filed using CVD - W, followed by an etch back or CMPp
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the etch of the second el ectrode of the capacitor, Fig. 7, cmrﬁ nbN 2805
spacer etch, Fig. 6, and during the via etch which <creates the dielectric
| ayer and the first electrode of the MM capacitor, Fig. 10 |ayer 36 of
titani’ofganéni t%kgre forns the second el ectrode of the MIM capacitor, Fig. 7,
and 23°FO°6® 'de2066 tihgyert 38 0fi DARC forns d.anti-reflective |ayer
for tgsgmask ~that is used for the etch of theogeg\gﬁd Bi%e@r'Sde for the
exposHfa“ahtl ‘devel dprentiok kayesr4Q xf) t-QLeskst . Fl 6) and serves as
a protective layer which protects the su?{‘}g}ce of the ““s%c‘andlmeldé':é’tlFSde

duri ng*thedspdcEar etch, Fig. 7; layer 38 of DARC al so serves as a stop

| ayer for the via etch showmn in Fig. 11. Although the invention has been
described and illustrated wth reference to specific illustrative

enbodi ments thereof, it is not intended that the invention be limted to
those il usty &irite¢ eaboei BNty Those skiLled in the '~ art will recognize
that variations and nodifications can u%e‘lrarg%%svﬁq(%&u%telﬁeﬁﬁﬁﬁfﬁhgnsfi@m t he
spi ri thofcdie ionvent bna. mit Espddersf e intended to

£ lnvention is of value, as

follows:

e Jav 1
ayer 30 of an aluminum-copper alloy is used to form the first

electrode 30’ of the MIM capacitor, Figi 10

y r 32 f l ium j. =] i a }JQ (&) ] - '
* .}.a e < t caniu nlt..

electrode of the MiM i
" Capacitor and further serves as a buffer

iayer duri I hi
v Bring the etching of layers 34 {(of insulation that serves

lalec ’
as t e t.L.:LC) and .JO {,‘._O LNe eCcy Of “ine I‘St

electrod Lto) '
ode of the capacitor), Flg. 10; layer 22 of titanium

nitride al y
ola a-so Serves as an ARC laver for the masking of the layer

of metal

s la 4 ! itri
yer 34 of silicon nitride Serves as an etch stop layer during

X .
he etch of the second electrode of the capacitor, Fig. 7

I

durin i
9 the spacer etch, Fig. 8, and during the via etch wnich

Cre i tri
ates the dielectric layer and the first electrode of the MIM

capacitor, Fig. 10

* laver 2 i i i i
Y % of titanium nitride forms the second electrode of the

MIM Capacitor, Fig. 7, and
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include within the invention all such variations and nodifi camiﬁ)rj;qmggsh
fall wthin the scope of the appended clains and equivalents thereor. 24
1(r)6 JAN 2006 What is clainmed is: 1. A nethod for creating capacitors,
conpri si n% the steps of: providing a sem conductor substrate, said

subst rat'é YRavFRgo £ bkt preawisded gwbth, geni conductor devices in or on the
surface thereof; depositing a first insulation 'ayerYdlefot Hesmetace of

said sub%tfat®;usdepdsict Eng acdi rst candycting. | aver over the surface of
said first insulation layer; depositing anhge%%%dtﬁ?c’rﬁiful(5Piroﬁhﬁayer over
the surf&tROBIre gaidd dervesepoendust ingd-auer ;, -dgposi t i S‘% a second conducting

| ayer over the surface of said second insu ation Cf*aexf ;t'déﬁaési £l nopa | aver

of anti-tefi%ctasve poatengi eyversfde ,sukface, of said second conducting
laver; patterning said |ayer of anti- r‘e?ll éé???/%t%otélei g rdAdesarf dchesecond

conduct i ¥&cdray erl eckeant ngu poid i-os nga %a}i d_ant i;,r efl ective coating and
sai d second conductive | ayer over s PG SeCony  Fisulat lemekayeros

DARC also serve
S a3 a stop layer for the via etch shown in Fig

11,

Alth g i e
4 [=3 i ate
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ude within the itavention all such variatio d
r ns an

and equivalents therecf.




form ng spacers on sidewalls of said second conductive IayeJﬁﬁ»¢M$Qmm t he
surface of said second insulation |ayer; patterning said second insulation
| ayer and said first conductive |layer, creating vias through said second
insulatign layer and said first conductive |ayer, |eaving a portion of

sai d 25 @ﬁa% %J%I@lzﬂg“%éénd insul ation |laver and said first conductive

| ayer inlplace underlying said patterned |ayer or anti-reflective coating
and sai d' patteriEd Secondasonductpae dayer cosgi-dspo tgﬁg1§qed%a%d_ second
insul ation layer and said first conductive laver left in ‘place
symret ri cal | ¥ &Xt6rdiong FrROATead e pat temnedzkayes  of Sfderdefbgctive
coating and said patterned second conductive |ayer and sal spacepg by a
neasurab?%?%uﬁﬁﬁﬁ%deénﬁléﬁeé@m$@pmmuuhﬂﬁid@&ih@&eggo&ggﬁ{sjgpsﬁahg ortion of
said patterned first conductive |ayer that has been left in 6Fa8 and

sai d por???ﬁ?%ﬁ‘sajd patterned second conductive |laver that has been left
in place. 2. The ngphod of claim1 wherein said depositing a first

i nsul ation | &f&CSdFénat hefsust anes @ rsaihd1sybst L ale ri.ses depositing a
| aver of silicon dioxides thickness preferably éﬁitdggﬂE%6%6C8n8fl%®B®
Angstrcnﬁé%ﬁtﬁﬁﬁﬁé preferably to a thickness of about 10000 Angstrom

de itir i i
positing a first conducting layer over the surface of said

first insulation layer:;

g _ . .
epositing an second tnsulation laver over the surface of
d AL I i i

said first conducting laver;

sald second insulation layer;
de o . .
€positing a laver of anti-reflective Coating over the

surface of said second cgnducting laver:

ratterni e i
e Lerning said layver of anti-refliective cocating and said
i

second co i :
nductive layer, leaving portions of said anti-reflective

cocatin ld :
g and said second conductive layer over said second

insulation layer:

formin i
g spacers on sidewalls of said second condﬁctive

layer j
Y&r, exposing the surface of said second insulation layer:

Patterning said s i i
econd insulation layer and said first

conductive lavyer,

c . .
reating vias through said second insulation

layer a i j !
Y nd said first conductive layer, leaving a portion of said

25




3- The nmethod of claim| wherein 'Said depositing a first ccfﬂcﬁjdﬂwh@{]ﬂﬁayer
over the surface of said first insulation |layer conprises depositing a

| ayer of al um num copper alloy, deposited to a thickness of preferably

bet ween about 4000 and 8000 Angstrom but nore preferably 5000 Angstrom
fol | oned BY-AHoSITilAGianl ayeer ofiatidaniym.ni %Ei ge TiN), deposited to a

t hi ckness preferably 26 1(r)6 JAW MB bet ween abouf " 300" and¥4001iAngsacem but
mor e Pref %’?%%T]y‘”trt‘ﬁ éaiﬁhpékneSSe@flﬁmUtoESQQt/l\ng_Hom. 4. The met hod of
claim1 wherein said depositing a second i nsil é%l on” t-a{ferr8vénat hedsur f ace
of said fft% %ﬁ&&@t@ﬁngetamrcoﬁ@mﬂ@egaggpos' ting a layer of silicon
nitride (Si3N4) to a thickness preferably of’a %Ju?g%bﬁlé’ﬁdo‘%@amgst rom
but nore ®Preferabiyatoon thiekness 0f; cakout, 600 Angstrom The method of
claim 1 wherein said depositing a second ébnﬁut??%bcgqla%rladﬂér lehe surface
of said iWsatﬂ‘-’atsiymetayeallg%mﬁér&g%gd%QQEi ting a layer of titaniumnitride
(TIN) preferably deposited to a thickness of bel Weeesheate1500 amnd: 2500
Angst rom*Sdecisire poefearablyg deposited.to.a thickness of about 2000
Angstrom 6. The nethod of claim 1 whereéin sar o UehESIEMAG:ae | byerr ofnant i -
refl ecti V€ 'CodPRAgroviey 4 heesuinfa0e Qf.5ald second conducting |ayer
conprises depositing a |ayer of anti -refl écti've coating

L

o fF i
left in place and

been left in place.

2. i i - el -~ L i i dn
i i
pe=3

oa

1 181.13. t 4 S . [} N
[ ale oI el 3u a e
T & LOT Ve ove l e Sy l YV C D (j .E)SI. [Ws] COMDI 1s 3

Da 2 t @

thickness of about 10000 angstronm

3. The method of claim 1 wherein s5aj

d depositing a first
conductin
g layer over the surface of said first insulati
ation layer

Ctmprises de Ltd
POsltling a layer of aluminumncooper alloy, deposited
I p site
LS & thickness b
of-pre*erably between about 4000 and 8000 an
gstrom

of titanium ni i I'i
ltride { lN), deposited to a thickness Prererabl]
Y
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material, deposited to a thickness of between about 300 to SO’ﬁBMp'Zwm
but nore preferably to a thickness of about 400 Angstrom 27 !0 6 J 20x6
7. The nethod of claiml1l wherein said patterning said |ayer of
anti-reflective coating and said second conductive | ayer, |eaving portions
of said an?f:tem ECriNre 38Bat nagt @ndhsai-d 5e¢0pd. _conductive |ayer over said
| ayer corrptri.s s appl yi ng ani sotropic etching W T h® i etchant gasaof one of
the group gt P eSSCAR3ab0THO By Pd4-cBCl 4 and Cl2 at a tenperature between
about 100 and 200 degrees C. using said insulation |ayer deposited over
the surface of said first conducting |ayer as an etch stop |layer. 8. The
met hod of claim| wherein said formng spacers on sidewalls of said second
conduct i vé 1| dy€r meshpdi sscoeposi thBgean gg:cgré al selected fromthe group
consisting of silicon nitride, silicon oxide, “B8E*PSG apstysidi con, CVD
oxi de for méd frEHPR LAEOS sour ce aIPEPROUS. MAterials, deposited over said
patterned |ayer of anti-reflective, coating A sai*d tpafrévnsieths acong
conduct i v€of“8§éi3?3ifﬁﬁ:@%ﬂ)ﬁimgsiade\é@gl:so@fs ﬂcdorpat\,ther_ned second conductive
| ayer, fur%her i ncl udi ng sai d exposed surface of ‘$ai-8¢ setdhd tasal ation
| ayer, and éﬁb???%gofa?fmb&yt bﬁphﬁoﬁ%od)ra%%d;%roe usi ng CHF3, CF4 and H.-
as an etchan%. 9. The nmethod of claiml wherein sﬁPHSFF)?fFﬁW} spaeer s on

prererably to a thicknes

5 of about 600 Angstrom.

P -
5. The method of i
claim 1 wherein sai
rei aid depositing a s
1 econd

conducting layer over the surface of i i
© ©L said insulation laver

Comprises de o
Positing g layer of titanium nitride (TiN) pref b
rid eferably
deposited + ]
© a thickness of between about 1500 and 2500 a
L3 1 23 ngstrom

<] p -A..C:b...j‘ deDOSlted to d LAA-LC](}).ESS 2

Angstrom.

- iting a laver of anti-
erflective coatj
ating over the surface of said second cond
onducting

by y *
}aye[ { ()HI)Z 2es {iel)(}slt LH(; a aye QLI ar T .teJ.leCl_er Coatl}lg

hmaterial, deposited
to a thickness of b
etween about 200
to 500

Angstrom.
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sidewal | s of said second conductive |ayer conprises using a Fﬁa(ﬁ/UAMj'Zﬁﬂﬁess,
using tetraethylorthosilicate as a source, to deposit a silicon |ayer over
said patterned |layer of anti-reflective 28 !0 6 JAN 2006 coating and said
patterned second conductive layer, including sidewalls of said patterned
second conthetiamhddayer c1humt hepneihcl uding Sai d_exposed surface of said
second insul ation |ayer, deposited at alt eﬁ%gkg’frﬁlrrgg osfaléiodl?tyeﬁoefdegrees
C. to afthiclafesstibet weeniabouha 2000; and. 400 strom and appl ying
ani sotropic selective R E processing using Clgiﬁég%%“ﬁf A€ YEFehafitsite
create Peftigon dxisdedshdewakk rspacers Qver .sidewal | s of said patterned
second conductive layer. 10. The nethod of ld‘afg'mg\?s%%rsﬁcr?“?ai d creating
conduct fvedudtmitver degrectse=kossad th part iQn.of .sai d patterned first
conductive layer that has been left in place gn%@a\i‘d“gp(?rﬁs(?ﬁr{%?l@ai d
pat t er net-'sevond tbonduettuent ayes dhainhas bgen,l i ac conpri ses
t he steé)s of : depositing a | ayer-of Inter Met aIgDC?Ieﬁt é)cf?rcgjé’( Wfﬁ over the
sur f ace~ /¢t saf 8l .af@ts eicAnte -Refd edripes 2008t | iy, d Ncludi ng b?e exposed
surface%(fé d(s(‘r%i d spacers created on sidewalls of said S&cénd oAbt i ve
| aver, v cieackudihagnexposedi rsdirfaces 0fvesaid, second insul ation layer;
creating openings through said |ayer of (I I\/D3/e saelqde%o‘gcee%i ﬁg‘jgr the

surface of said first conducting layer as an etch stop layer.

(24 3 3 \
8. The method of claim 1 wherein said forming spacers on

si 11. £ ]
dewalls of said second conductive laver comprises depositing a

= Ry g “ S i g p g & fo L
’

51l i G 11
lcon oxide, BSG, PSG, pelysilicon, CVD oxide formed from a
Y de o b

u o — L QL
’ &l 4 u r r S (035 = & S o erne
i:(}:s sSource e 1OUS ma S lal 7 dOD Lied ov =1y pcz

layer i-reflect] 1
ver of anti Teér.iective woating and said patterned second
L A [¥3

dLJ. t ver L L..,l 1 ide A LD L ga (i at.i_‘e 12 Se{:()
- =
Co { Ve }d o r 1 U.(j g S d wWa C p L d d

conductive layer, further i ; i
Yer, zurther including said exposed surface of said

second insulation la i 1 5¢
yer, and applving an anisotropic RIE

Procedure using CHF3, CFs and H: as an etchant

9. The method of claim 1 wherein said forming spacers on

si i i i
dewalls of said second conductive layer comprises using a PECVYVD

Process, using tet ilj
, g cetraethylorthosilicatre a5 & source, to deposit a

Sili i
icon layer over said patterned lavyer of anti-reflective
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exposing the surface of said patterned | ayer of said second ’Bdhdﬂﬂfmwg
| ayer, said openings further exposing the surface of said patterned layer
of said first conductive layer; . 29 10 6 JAN 2006 depositing a | ayer of
nmetal over the surface of said layer of IMD, filling said openings created

in sai ddaayes ahdl ¥ g @ rol-dy 8k -0h o MBL 8y Gl RALING conduct i ve. pl ugs
t hrough said |l ayer of |IMD contacting said patterned |ayer of said first

conductyveushaxes : a0d: 23l H hatler aedohayes ale sajd :sgaand conduct i ve | ayer;
polished the surface of said deposited |ayer of nmetal” down to a thickness

OVer|YEﬂﬁih@@n§UEE§§?e§50§EH(gdﬁﬁé%g BE EQP' %ﬁgnmp%kg%ﬁ k@gnsfé eghickness
of said netal overlying the surface of sal% ayer of TND, creatind points

of intergonnect: Lo ssabfhpaliacned Lavet elosaldlddy st candughive layer and

said patterned |ayer of said second conductive’ layer. . mef hod T or

creati ng:GRACLHRLS, 260MLASI B ot AgsteRs fs ~RUMidi ng,a sepjconduct or
substrate, said substrate having begn provid%d‘anﬁvgéﬁiéoﬁ ug%%g devi ces

[0 of ofeldeisdriaceordferenly (epasthl b i Bt LosIl Al oD Jayer over the
surface of said substrate; depositing a first conducting layer over the
SUFfaC&ﬁQﬁj&&'@xiﬁbrgidéﬁﬁiﬂEgﬂé@%rgaﬁggk sidewalls of said patterned

second conductive laver.

10. The method of claim 1 wherein said creating conductive
interconnects to said porticn of said patterned first conductive
layer that has been left in place and said portiocn of said
patterned second conductive layer that has peen left in place
comprises the steps of:

depositing a layer of Inter Metal Dielectric (ITMD) over the
surface of said laver of Anti-Reflective Coating, including the
exposed surface of said spaéers created on sidewalls of said
second conductive laver, further including exposed surfaces of
said second insulation layer;

creating openings through said layer of (IMD), said openings
exposing the surface of said patterned layer of said scecond
conductive layer, said openings further exposing the surface of

said patterned layer of said first conductive layer:;
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depositing an etch stop |layer over the surface of said first nkﬁnunp91mg
| ayer; depositing a |ayer of capacitor dielectric over the surface o? sai d
etch stop 1{ayer; 30 T 6 JAN 20% depositing a second conducting | ayer over

the surface of said |layer of capacitance dielectric; depositing a |ayer of

anti-refl ectdapsGeahtng oyeL - the nSunf ace of sald second gonducting layer;
patterning said | ayer of anti-reflective coating and sal d - $écond”

conductd yerdmyafi 1Ushng. sai go&t £hy Stap l.ayer  a etch stap,. |eaving
portions of saié'antP-rgflec?ivén%oéggﬁﬁ”éna“séﬁigl%ﬂﬁﬁﬂﬁ %cdﬁauﬁtf e®l ayer

overlying,saifk Jauer et.gapaci Lo, dielectri exposi.ng .t.he surface of said
etch st opj | ayer; formng spg(gers %%tglv%e%g}’ ss 4] Lp%umandgsscé‘@oﬁﬁy&)natlcti ve

| ayer; pattelning sai qggapﬁs'&@&& el getric Lgyﬁfir% Id eteh stop layer
r

. . . k4 cenduct .
and said first conduction Taver, creating vias ough Said " “¢dpaci t or

di el ectriger Laversa;sabdetehest op,dayer and §@&8?;«' fdd8t,c.qQduction |ayer,

1=
e

| eaving a portion of said capacitor dielectric ayer, sal etcﬁeétop | ayer

and sai d firss1conduenicoakayes b saoﬂ@%%peegeééyiaged:sa&ﬂ g%%t.anerneg | aver
u

of anti-reflective coating and said pattérned second con cfrvgorayer,

said vies & HoUdhess overlying the surface of said layer of IMD; and
patterning said thickness of said metal overlying the
surface of said layer of IMD, c¢reating points of interconnecs to
said patterned layer of said first conductive layer and said

patterned laver of sald second conductive laver.

11. A method for creating capacitors, comprising the steps of:

providing a semiconductor Substrate, said substrate having
been provided with semicpnductor devices in or on The
thereof;

depesiting a first insulation layer over the surface of said

substrate;

depositing a first conducting layer over the surface of said

first insulation laver;

depositing an etch stop layer over the surface of said first

conducting layer;

depositing a layer of capacitor dielectric over the surface

of said etch stop layer;

30
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said capacitor dielectric layer, through said etch stop | ayermaﬁ1dlAN ABggugh
said firgt conduction |ayer being |ocated adjacent to said spacers being
renoved from said spacers in a direction of a plane that is parallel with
the surface of said substrate by a first distance, portions of said

capaci tor diglectrig.!aysr ' h.stop, laver. and said-fiLrst. conduction
layer- left In 31 06° JAN 20000“6dsg‘::°g‘§§§:§§ﬁ§ret?f‘%:%ﬁ‘%%?‘élnaihhgg’r% S ool g

patterrg%{A %%g%roEf39£$ac{é§45%“dféie%9%ﬁk99 and said patterned second

conductive layer and said spacers by sard first distance; and creating

conductive id‘etp%rsq,cagggc slég%iﬁa a%oc&.t-irg@wgét%édcoaﬂcaitpggero%g. frst

conductive | ayer t as eft in placé and sai d porfion of said

patterned- second canductiye. |l aygr.dhal, has. been left in place. 12. The
met hod of claim 11 wherein said depositing a firs- insulation |ayer over

the surface Qft &aidngubst & at £, COMY 588 - rdepOst 11 Ng-& d;ayen0f ;5141 con
di oxide to a thickness preferably between 7000 and 13000 Angstrom but nore

preferagé&bﬁd{d%ndhhk@?@?§§y@f,QQQMR;%QQ@OeABQSEféﬁnlégﬁr The.pethod of claim
11 wherein said depositing a first conducting |ayer over the surface of

sai d figsépj nsddaligopokayess €onguicses depesibbngvd ¢a8hOhng said
al um num copper all oy, deposited to a thickness of preferably between
about 4008caNd B ARYSLEPET overlying said layer of capacitor
dielectric, exposing the surface of said etch stop laver:
forming spacers on sidewalls of said seccond conductive
layer;
patterning said capacitor dielectric layer, said etch stop
layer and said first conduction laver, creating vias through said
capacitor dielectric layer, said etch stop laver and said first
conduction layer, leaving a portion of said capacitor dielectric
layer, said etch stop layer and said first conduction layer in
place underlying said patterned laver of anti-reflective coating
and said patterned second conductive laver, said vias through
said capacitor dielectric layer, through said etch stop layer and
through said first conduction layer being located adijacent to
said spacers being removed from said spacers in a direction of a
plane that is parallel with the surface of said substrate by a

first distance, portions of said capacitor dielectric layer,

said etch stop layer and said first conduction layer left in
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but nore preferably 5000 Angstrom 14. The nethod of claim llmv&eﬂm 'rzmyﬁai d
depositing an etch stop |ayer over the surface of said first conducting
| ayer conprises depositing a layer of titaniumnitride (TiN), deposited to
a 32 T96 JAN 20% t hi ckness preferably between about 300 and 400 Angstrom

but norelapeefenadt yid0 18 thirekness of abouts 35Q Angskr o 15. . The .net hod
of claim 11l wherein lsal d jdep05| ti ng a aner 01%% cgpg%&t o?gldr ecf ecatrl c over

the surfagecotfisai & atch step Iay_eg rd ses depesiting. a la
silicon nitride (Si 3I\l4§mjtona “Chi ck%eg\gggréef efcag\%l 23 &L%““ © @”’?00

Angst r omabut sBREE;d bprefer @qlaéttel cLhigkngss of about 600 Angstrom 16,
The nethod of claim 11 wherein said depositing a second conducting | ayer

over the surtaegrofy SaithidtsWeatihen Layel . s depositing a |ayer of
titaniumnitride (TiN) prbef ergblly gepom tce to aat%ﬁl € ness 0 Pbe&hﬁeen about

1-500 and+2800eAngstsOmo-hulcmoke 1 preferabl v depesited Lo i ckness of
about 2000 Angstrom 17_ The net hod of cl alnm 11 V\herelﬂﬁ s§| aaceepcf’éi‘jtl ng a

| ayer OEal@nbbrtﬁéﬁe@ﬁ|é@id“§%&%@9wgﬁe§exgﬁéS}HJéﬂH% 18 %gkg
conducting | ayer conprises depositing a |ayer of anti-re ect |ve “oat i ng

mat er i alsectlepeskt ed pa@e t hi ckness of between about 300

12. The method of claim 11 wherein said depositing a first
insulation layer over the surface of said substrate comprises
depositing a layer of silicon dioxide toc a thickness preferably
between 7000 and 13000 Angstrom but more preferably to a

thickness of about 10000 Angstrom.

13. The method of claim.l1l wherein said depositing & first
conducting layer over the surface of said first insulation layer
comprises depositing a layer of aluminum-copper alloy, depositéd
to a thickness of preferably between about 4000 and B0CC Angstrom

but more preferably 5000 Angstrom.

14. The method of claim 11 wherein said depositing an etch stop
layer over the surface of said first conducting laver comprises

depositing a layer of titanium nitride (TiN}, deposited to a
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to 500 Angstrom but nore preferably to a thickness of about Z{ﬂ(ﬁ JAlh,g'ggaﬁom
33 TO 6 JAN 2cas 18. The nethod of claim 11 wherein said patterning sard

| ayer of anti-reflective coating and said second conductive | ayer
conprises applying anisotropic etching with an etchant gas of one of the

group ohiCkdesECHRSsfCHB Ly BE4eBEl 4nahd @ Aty aoot RARSE ALNE beiween about
100 and 200 degrees C. using said insulation |ayer déposited over the

surfacereffesabtly fissd croondueli Bg Layer aso ahplchystop layer. 19. The
met hod of claim 11 wherein said form ng spacers on sidewalls of said
second conductive | ayer conprises depositing a nmaterial selected fromthe
group consisting of silicon nitride, silicon oxide, SSG PSG polysilicon,
CVD oxilde frormedtfooma cIEEGS mounh@eeiamép@%lﬁ:dmtt%bagslgygf said
patterned |l aver of anti-reflective coating and said patterned second
conductdapecikayedielact udi nyesi dewaklhsots saf dqiat t-erned:sgconsk conducti ve
| ayer, further including said exposed surface of said etch stop |I|ayer, and
appl yi myremiansi sepropi onRldLE gyeocedusel isbmg: iCHR3e CE4snandoH2 as an
etchant._ 20. The nethod of claim 11l wherein said form ng spacers on
si dewaltits cofresai dredeoril \© orfd wdinze Shayend conprarges rusi Bg: anPECVD  process,
using ketraethylorthosilicate as a source, to deposit a

preferably to a thickness of about 600 Angstrom.

16. The method of claim 11 wherein said depositing a second
conducting layer over the surface of said insulation layer
comprises depositing a laver of titanium nitride (TiN} preferably
deposited to a thickness of betweeg‘about 1500 and 2500 Angstrom
but more preferably deposiped Eo a thickness of about 2000

Angstrom.

-

17. The method of claim 11 wherein said depositing a laver cf
aﬁti—reflective coating over the surface of said second
conducting layer comprises depositing a layer of anti-reflective
coating materiai, deposited to a thickness of between about 300

to 500 Angstrom but more preferably to a thickness of about 400

Angstrom.




silicon | ayer over said patterned |ayer of anti-reflective cfﬂaﬁ i A 2005

sai d patterned second conductive layer, including 34 fO 6 JAN 2Q06
sidewal | s of said patterned second conductive layer, further including

sai d exposed surface of said etch stop |layer, deposited at a tenperature
of about 8400 detridest G toaamt hi oknass :hebuaen,: abotin2U0Q A0, 4000,
Angstrom and appl yi ng ani sotropi c sel ective E processing using i and
112 as éttham siadrioreavetsnyicon s decsindewshh,spagens oyer sidewal I's of
said patterned second conductive |ayer. 21. The nethod of claim 11l wherein
sai d cr EarPags cOMUICLIVE ahhb et Cannecise i gS ak 8, Pos tian, of g(gisdopatter ned
first conductive |ayer that has been |left in place and sai porfi%ﬁeof
said p&afterneti-sacofd CCondutti vertayercdihatchas, heen. lgft,in place
conprises the steps of: depositing a |layer of Inter Metal Dielectric (IM)
over th&°VBEF1aEe dfetssird hhger UI0 Antd 2Ref kegkibyve €oatding, 4.0gl uding the
exposed, surface of said spacers created on sidewalls of said second
conduct FUB AR Fayerheerpaetedi o expesed rsuctasessofa Said second

insul ation | ayer; creating openings through said | ayer of (IMD), said

openi ng§°T8Xposihg At Sir Pacet @ sfaimd lpatetrer ned | ayer of said second
conductive | ayer, said openings further exposing the surface of

19. The method of claim 11 wherein said forming spacers on

sidewalls of saild second conductive layer comprises depositing a

material sel th isti i1
i 1 lected from the group consisting of silicon nitride,

silicon oxide, BSG, PsG, polysilicon, CVD oxide formed from a

S S ¥ 4! p i il a3 e al catcerts (Ed la ver oL
4 u

et . s , .
anti-reflective coating and saidg ratterned second conductive

layer, includi i : £ i t
4 : ing sidewalls of said pPatterned second conductive

layer, further includi i 3
y ; 8r including said exposed surface of said etch stop

layer, and applvi ani d E
; PPi¥lng an anisotropic RIE procedure using CHF:, CFy

anq H: as an etchant.

20. The method of claim 11 wherein said forming spacers on

sidewalls of said second conductive layer comprises using a PRECVD

process, using tetraethylorthosilicate as a source, to deposit a

silicon layer over said patterned layer of anti-reflective

Coating and said patterned second conductive layer, including
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said patterned |ayer of said first conductive |ayer; depositi/lfd aJANayegg of
netal over the surface of said layer of IMD, filling said openings created
in said layer of IMDwith a 35 fO 6 JAN 2x05 | ayer of netal, creating
conducé&vgwgifsqsoft hsrr_;ou h said | ayer of |IMD contacting said patterned | ayer
of sai @ fiTst conductiVE® I qy8fanaceat CPsticeinedipager Birgmwd second
conductive layer;, polished the surface of said deposited |ayer of netal
down tB8CAYTHI EkiEss BVEFRYI RYTERES SO f 3tie GtciabioPayeyeof diDs idnd
patter n%ng said thickness of said netal overlying the surface of said |ayer
of | MDF “cF et TRY Point £ orPetefE8nfgeteto C saPdapatt ekmeds | mymrecaf sai d
first ca:gnduc%gg | ayer and said patterned |ayer. 36
out and 4000 Angstrom and applying anisotropic selective
RIE processing using CHi: and H: as etchants to creatre silicon
oxide sidewall spacers over sidewalls of said patterned second

conductive layer.

2l. The method of claim 11 wherein said creaﬁing conductive
interconnects to said portion of said paéterned first conductive
layer that has been left in place and szaid portion of said
patterned second conductive layer that has been lef: in rlace
comprises the steps of:

depositing a layer of Inter Metal Dielectric {IMD) over the
surface of said layer ¢f Anti-Reflective Coating, including the
exposed surface of said spacers created on sidewalls of said
second conductive lavyer, further including exposed surfaces of
sald second insulation layer;

creating openings through said Layer of (IMD), said openings
exposing the surface of said patterned layer of said second
conductive layer, said openings further exposing the surface of
said patterned layer of said first conductive laver:

depositing a layver of metal over the surface of said layer

of IMD, filling said openings created in said layer of IMD with a
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layer of metal, creating conductive plugs through said layer of
IMD contacting said patterned layer of said first conductive
layer and said patterned layer of said second conductive layer;
polished  the surface of said deposited layer of metal down
to a thickness overlying the surface of said layer of IMD; and
patterning said thickness of said metal overlying the
surface of sald lLayer of IMD, creating points of interconnect to
said patterned layer of said first conduétive layer and said

patterned laver.
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