2 5 JUL 2005 USE OF AMORPHOUS CARBON AS A REMOVABLE ARC MATER Ak_ e{%(hDUAL
DAMASCENE FABRI CATI ON FI ELD OF THE | NVENTI ON The invention rela #2605
field of fabricating integrated circuits and other electronic devices and
in particular to an inproved nethod of photoresist patterning that involves
~a renovable anti-reflective coating during the formation of dual damascene
structures. BACKGROUND OF THE | NVENTI ON Phot oresi st processing is a key
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Photoresist processing is a key element that must be controlled in order to achieve a

low cost, high throughput manufacturing method for the production of integrated circuits
in semiconductor devices. Integrated circuits are typically formed by the sequential
deposition of layers on a substrate. Each layer is usually patterned by first exposing a
photoresist film on a substrate through a mask that contains a device pattern defined by
opaque regions consisting of chrome and transparent regions such as quartz. Then the
developed pattern in the photoresist film is transferred through an underlying substrate
layer by means of a plasma etch procese. Alternately, the photoresist pattern can serve
asa mask for an ion implant step into an underlying layer. In back end of line (BEOL)
processing, patterns consisting of trenches and via holes are filled with a conductive
material to form interconnects comprised of horizontal connections or trenches within a
layer and vertical cennections or via holes between two layers.. Conductive materials
used in the interconnects are separated by insulating or dielectric materials to prevent

'crosetaik between the metal wiring. A popular method of manufacturing metal




[ nects. is a dual damascene structure in which vias and trenches are
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6,287,990 is preferred as an insulation layer. Carbon is incorporated into
~a silicon dioxide layer to lower the k value. SiIQ2 with a dielectric
constant (k) of 4 has been widely used in the industry but new technol ogy

i ire a.l k of about 2.5 or |ess. The layer in this prior
art 1o BTG ool Seibennia Abuetlin by biah Vs o ioenahep aroIGPECVD)
t echni que_i nvol vi a silane having a Si-CH nmoiety and an oxidizing gas
such as S G%W@ﬁwgb.metﬁ'énéni%‘ﬁfaeebhwamldfp@msw reduci ng the size of
metal "interconnects so that devices wth higher performance can be
provi ded t & K3 k gisleciderinateriarisuch as oy esamplentsscribed irsodb. tRatesfd, ng7 pobt er ns
I's constantly being optimzed to enable the printing of features such as

i nes/ spapeeferred @scmepsuletion layencCathminds ivddrporatir] g a &Nicbh BRxidY | 1&% ons
l(ICIril)ss,SApCD is usually a small space width or line width that contrgg s the

I ME i eeri ' j bt |l ow a
| t1 mat doyer frerkrezive. SiD, with adsivliectic JoPBtPX BRI 2. hds! BEdh WRALS J¥edtil$hd
?ast_er t_r‘gnsi stor speed %/\,hi | e denser |ine/space arrays resﬁllqg I'n nore

menory shdustgebytetewtrichnalbgf gefeiBhé Féquitel 4 0eAk of SHSTRSE 8P helayhr
V\Len&ﬁhe 58ss P

feature such as a trench is nore easily printed

pt i mi i9 o is reduced accordi to the -
cquati on T PARLERAS febditel bﬁ’%;ﬁ'%gﬁfanﬁ*nﬁ%sé“ﬁé‘?mi%hvmc;rrc%fas@eta é&hﬁ%@ﬁ s

' : ; i . wavel engt h, an I S e nume
apor t ur oo e Poninds slind R B9 B BT BT ap cefilicna gos udkeashave.
progressy EM W@d from 250 nmthrough 180 nm and 130 nm and are now in
the 100 n reg°|m§ for CD sizes. As a result, the preferred 2 2 5 JUL 2005

There is a constant focus on reducing the size of metal interconnects so that devices
with higher performance can be provided to satisfy demand. The lithography method
used to define patterns is constantly being optimized to enable the printing of features
such as lines/spaces, trenches, or contact holes with smaller critical dimensions (CD).

A CD is usually a small space width or line width that controls the ultimate performance -
7 of the device. For example, finer gate widths allow a faster transistor speed while
denser line/space arrays result in more memory storage per unit area. A smaller critical
dimension (CD) in a feature such as a trench is more easily printed when the process is

optimized to decrease the K constant or when ) is reduced according to the equation,
R =K/ NA. Ris the minimum CD that can be resolved while K is a process constant, .
A is the exposure wavelength, and NA is the numerical aperture of the exposure tool. In

recent years, technology nodes have progressively moved from 250 nm through 180 nm

and 130 nm and are now in the 100 nm regime for CD sizes. As a result, the preferred




o%whi ch has been 248 nmfor CD sizes from about 250 nmthrough 130 nmis now
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can be lowered in a variety of ways such as phase shifted masks, inproved
i I'lum nation nethods, and optim zed photoresist imaging techniques. No
matter which wavel ength of radiation is used to expose the photoresist,
reflectivity control of radiation off the underlying |ayer is always a
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consume the entire budget. One method that has been successfully implemented in
many cases is an anti-reflective coating or ARC which is coated prior to the photoresist
and greatly minimizes the reflected light from the substrate during the exposure
process. The ARC thickness is typically around 1000 Angstroms or less while some
;ﬁhotoresist layers have a thickness as thin as 2000 Angstroms. The photoresist pattern
rﬁust be transferred through the ARC and into an underlying substrate. A thin ARC is
-preférred since the ARC/photoresist etch rate ratio is close to 1:1 and enough
photoresist must remain after the ARC 6pen.etch to serve as an etch mask for
 transferring the pattern into the substrate.
CD variations in the photoresist pattern may result from topography in which the
substrate is not level. This leads to thickness variations in the photoresist coating that
can be larger than 100 Angstroms. Small changes in photoresist thickness on the order

of 100 Angstroms or iess are known to result in significant CD variations. Even if the




1 25 JUL 2005 substrate is level, differing conpositions within the
substrate may cause a CD variation in the photoresi st pattern. F@rﬁe&ﬂnﬁﬂ&i
the photoresist pattern may cross over netal [|ines contained within the
substrate. The netal lines are likely to have a higher reflectivity than
the surrounding substrate and thereby cause a higher amount of reflected

| i ght which re-exposes the photoresist frombelow If the photoresist
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ref | ect i kefiegteddight whighrrevaxpededthearhodi@siss frofiséiaw. itthe Phatdtb@sifeatird id | ne
width or CDwithin a + 10% specification and for achieving a

manuf act alinblspags acayp srossRg @boveanktd] ﬁf\é,etﬁéiré@[ﬁﬁ@ﬁﬁét%&ﬁtﬁp%W!fh%ed' A

phot oresi st process is further characterized by its process e which
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still maintaining the CDwthin a % vari ation.
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' on the substrate and unexposed areas are washed away in developer. With a negative
tone composition, a photoresist line would become larger with an increased dose from
reflected light. In either case, reflectivity control provided by an ARC is crucial for
maintaining a line width or CD within a + 10% specification and for achieving a
manufacturable process when a highly reflective substrate is involved.
A photoresist process is further characterized by its process latitude which is the
range of exposure dose and focus settings that can be applied while still maintaining the
CD within a *+ 10% variation. By controlling reflectivity, an ARC enables a larger
process latitude than is realized in the absence of an ARC. Thus, an ARC can prevent
“a considerable amount of expensive rework caused by a CD being out of specification.
Reworking a substrate consists of stripping the patterned film, recoating and re-
exposing a new photoresis_t layer. Rework slows throughput by tying up process and

“measurement tools for unscheduled period of time.




measur enent tools for unschedul ed period of time. 4 2 5 JUL 2005 An

i nportant property of an ARC is that its refractive index which £sh JUL 2005
conprised of a real component (n) and an inmagi nary conponent (k) can be
~tuned in many cases by adjusting the conposition of the material to
-mnimze reflectivity at the photoresist/ARC interface which inproves |line
width control in the photoresist |ayer. Another valuable property of an

ARC is .a hi ' bsor ban 0 th i ght which enters the ARC | ayer
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such as SiOxNy can be deposited with a PECVD technique at temperatures up to
.400°C. Examples of both types are provided in U.S. Patent 6,323,121 in which a silicon
oxynitride is formed as an etch stop material and a spin-on organic ARC is used to
protect the bottom of a via during a trench etch. Organic ARCs are generally removed
with a plasma ashing method.

An ARC described in U.S. Patent 6,350,390 is applied for the purposed of improving
CD control during photoresist patterning while fabricating a gate electrode. The ARC is
either an organic polymer coating or a dielectric material containing silicon. A method
of removing the ARC is not discussed. The main point is to further control the gate size
by adjusting the trim etch to compensate for line width variations in the photoresist
masking layer.

In U.S. Patent 6,214,637 an amorphous carbon ARC is formed by a PECVD method
at a preferred temperature of around 200°C involving a hydrocarbon gas such as

methane but no carrier gas is included. The initial refractive index of n = 1 is increased




at-a preferred tenperature of around 200C involving a hydrocarbon gas such
as rrgt hane but n(r)rpcarri er gas is included. The initial refractiyedi AlleR0§
'n=1is increased 5 -- - --------------- - 2 5 JUL 2005 toal.2to
. 2.5 range by annealing the |ayer and optionally with additives such as

oxygen, silicon, and fluorine. The extinction coefficient (k conponent) is
mai ntained wthin a range of 0.2 to 0.8. Oxygen and argon plasnma are |ater
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trench level. Although silicon nitride and silicon oxynitride are commonly employed as

an etch stop layer at the top of a damascene stack and have been used as ARCs, these

materials are known to interact with photoresists, especially those that operate by a

chemical amplification mechanism in which one photon from the exposing radiation can

generate a strong acid that causes many chemical events in the photoresist fim. Trace

amounts of nifrogen containing compounds such as ammonia in the inorganic ARCs

can neutralize the acid within the photoresist layer and thereby interfere withr the

imaging process. One frequent result is a foot at the bottom of the photoresist profile

where exposed photoresist which should have been rémoved by developer remains on

the substrate. This undesirable feature can influence a éubsequent etch transfer step

by projecting a wider CD than intended in the design. A vertical sidewall on the

photoresist profile is preferred for etch transfer.

Organic ARCs can also interact with an overlying photoresist during the patterning

process. These ARCs often contain thermal acid generators that are used to cure the
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jecting a wider CD than intended in the design. A vertical sidewall
2?: f[}gl eghotgresi st profile is preferred for etch transfer. Orgaﬂl‘_,jp JARC2005
can also interact with an overlying photoresist during the patterning
process. These ARCS often contain thermal acid generators that are used to
cure the 6 2 5 JUL 2005 anti-reflective coating. If the thermal curing is
i nconpl ete, trace ampbunts of acid may be released into the overlying

ipduce a chem cal reaction. In a positive tone
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must also be immscible with photoresist |ayers that are coated on it.
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THE | W%@%\[e ractive Index (n and k vaiues) that is tunable in order to be compatible with a
number of different photoresists that may be required for various layers in the fabrication
process. An ARC should also be easily removed such that no residues remain on the
substrate and it must be readily implemented in manufacturing to enable a low cost,
high throughput fabrication scheme. During dual damascene processing, the ideal
ARC can be applied as an etch stop at the top of the stack and also assist in CD control
of a photoresist patterning step. In this case, the ARC should provide a high etch
selectivity relative to the 'underlying dielectric layer during pattern transfer of a via

opening in the photoresist through the dielectric layer.
SUMMARY OF THE INVENTION

An objective of the present invention is to provide a removable ARC that does not

contain traces of acid or base that can interfere with an overlying photoresist during a

patterning process.




' obj ' f the present invention is to provide a renpvable ARC that
- Q(r)]egbjngftl\égn?ai n trgces of acid or base that can interfere wi t h2ahn JEL 2005
overlying photoresist during a patterning process. 7 2 5 JUL ZoogI Sare
further objective of the present invention is to provide a renoval o
that has a tunable refractive index to mnimze reflectivity and inprove
control for a nunber of different photoresists. A still further objective

' ihvention is to provide an ARC that can be easily renoved
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' hempe. A still further objective of the present invention is
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bon source and is -transported into the deposition thar cal _
;Z; suchmasufeturingsofegRn plasma is used as the am)rph! sing agent which is

defined as the means of inparting anorphous character into the carbon
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In t h_i S etch selectivity with respect fo pattern transfer through an underlying dielectric layer.

To achieve these objectives an ARC comprising an amorphous carbon layer is
incorporated into a fabrication method for making integrated circuits in semiconductor
devices. 1n one embodiment, the ARC is formed by a PECVD method on a substrate.
A methyl silane, preferably trimethylsilane, is employed as the carbon source and is
transported into the deposition chamber by a carrier gas such as helium. Argon plasma
is used as the amorphising agent which is defined as the means of imparting_
amorphous character into the carbon film. Typical plasma conditions are a RF power of
50 to 500 Watts, a bias of 500 to 2000 Watts, and a temperature of 300°C to 400°C.
Argon flow is between 50 and 200 standard cubic centimeteré per minute (sccm) while
helium flow is 100 to 1000 scem and trimethylsilane flow is 50 to 200 scem. [n this
manner, an'amorphous carbon ARC withn=13~1.6 @ 193 nm and k = 0.25 to 0.68
- @ 193 nm is produced. The oxide/a-carbon etch ratio is 18:1 whenn=1.43 and k =

0.4 and the etch rate ratio is 50:1 when n = 1.55 and k = 0.67. The gas mixture can be

adjusted to tune the n and k values and the etch ratio relative to oxide.
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' ' amor phous carbon ARC with n = 1.3 - 1.6 @193 nmand k = 0.25 to
gﬁgger@?g?,anrr% !Os produced. The oxide/a-carbon etch ratio is 18:3M_rﬂﬂﬂﬁ
1.43 and k = 0.4 and the etch rate ratio is 50:1 when n = 1.55 and k _h
0.67. The gas m xture can be adjusted to tune the n and k values and the
etch ratio relative to oxide. 8 2 5 JUL 2005 Once the ARCis forned on a
substrate, a photoresist is spin coated on the ARC and patterned. The

in i hot oresi st layer i.s transferred through the ARC
wih & o acieed8 ARG I orRES o S RaEF Fhosfresie) Govoinasten proke. ARBemd: he
openi ng | forrrEﬁi in the A}RC the etch is changed to a plasnma that
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etch mask. After the etch transfer is conplete, the renaining photoresi s':]
is remv‘@ﬁhﬁdéﬁﬁr&a 8tah pisarasone generakgd fram oxpgevend OF; gas. Whamtheet ch suc
as CF4 and oxygen or both |ayers can be renoved with a plasma etch. The
anor phou@PLBRGBriormage in eeARGotheich isi changedto d psrhageat %@Fécti@@?f’erﬂ@{re%
intermx with the photoresist layer. Furthernore, it can be tuned so that
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re-expose the photoresist frombelow Since trinethylsilane is readily
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with ~ refractive index provides a minimum amount of reflected light to re-expose the
photoresist from below. Since trimethyléilane is readily available, it can be easily
attached to a PECVD chamber in a manufacturing scheme.
In a second embodiment, the ARC described in the first embodiment is deposited as
the top layer in a dual damascene stack wherein it is formed over a dielectric layer. A
photoresist is then coated on the ARC, baked, exposed, and developed to form a via
~opening. The via opening is transferred through the ARC and then through the
| dielectric layer by employing the ARC as an etch mask with a high etch selectivity
relative to the dielectric material. The original photoresist is stripped and replaced with
.a second photoresist that is patterned to form a trench opening which is transfe_rred
through the ARC and into the dielectric layer. In both patterning steps, the ARC helps to
control the CD within a tight speciﬁc_ation and does ‘not interact with the photoresist to

produce a foot or undercut profile. The second photoresist and ARC are then removed

by an ashing method. A lineris deposited in the trench and via hole followed by




a second photoresist that is patterned to forma trench opening which is

. transferred through the ARC and into the dielectric layer. In bath JUL 2805
patterning steps, the ARC helps to control the CDwthin a tight
specification and does not interact with the photoresist to produce a foot
or undercut profile. The second photoresist and ARC are then renoved by an
ashing nethod. Aliner is deposited in the trench and via hole followed by
9 2 5 JUL 2005 deposition of a nmetal. The final step in form ng the dual
damascene structure is to planarize the netal by a process such as chem cal
mechani cal polish (CW) so that it is coplanar with the top of the
dielectric layer. BRI EF DESCRI PTION OF THE DRAWNGS FIGS. la - l1le are cross

sect i onaldeposifion ¥ Ririétal ThHeRaesRpdh Hin®he Mfal dARRSESke sYADE 8N. FI GS.
2a - 2d are cross sectional views illustrating another enbodi nent of the

present itApENaran themeMalibym prRsess susions crermiqgl meckamicaivotipl (pME3ent _
I nventi onyd faPal édﬁgﬂrlmthqﬁlg&gjé offNe &%g&ﬂﬁg@é} patterning to form a via

hole and @ trench 1n a via dual "~ danmascehe’ process and etch
transferring the pattern into an underlying dielectric |layer. However, the

any situation uhere dRACOESEIRIAT ¢ BeBRAYIRGS  ect vity T
Therefore, the scope of the invention is not limted to the draw ngs which

are intended to illustrate the preferred enbodi nents. The first enbodi nent
i's illustrat&CPn1Erds aegrosy @Ct'Réﬁle\f'?‘l"ﬁﬁePkgt"Fg epe egbodiment of the

present invention.

FIGS. 2a — 2d are cross sectional views illustrating another embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is particularly useful for photoresist patierning to form
a via hole and a trench in a via first dual damascene process and eich
transferring the pattern into an underlying dielectric layer. However, the method
is not limited to dual damascene fabrication and may be applied in any situation
where an ARC is necessary o control reflectivity. Therefore, the scope of the
invention is not limited to the drawings which are intended to illustrate the
preferred embodiments.

The first embodiment is illustrated in FIGS. 1a — 1e. Referring to FIG. 1a,

a substrate 10 is provided upon which a conductive layer 11 is formed within a
“dielectric layer 12. Subsirate 10 typically has a substructure of active and
. passive devices that are not shown in order not to obscure the key features of the
present invention. Substrate 10 can be based on silicon, silicon/germanium,

gallium/arsenide or silicon on insulator (SOI) technology. Dielectric layer 12 is

10




‘a substrate 10 is provi ded upon which a conductive layer 11 is forned

. within a .dielectric layer 12. Substrate 10 typically has a sub@ty uliflurdis

of active and passive devices that are not shown in order not to obscure
the key features of the present invention. Substrate 10 can be based on
‘silicon, silicon/germanium galliunm arsenide or silicon on insulator (SAO)
technology. Dielectric layer 12 is 10 - - ---------un --noonn-
B S 2 5 JUL 2005 preferably formed of a | ow
k dielectric material in order to provide good insulating properties and is
normal |y deposited by a PECVD t echni que al though an optional deposition
nmet hod can be used to formdielectric layer 12. Sonme commonly used |ow k

mat eri al syafpatiy Wt e't:%]fiacl%ﬁ( letid harial ﬁ%rﬁ@Ptoﬁ@Bg@??bdﬁid%ﬂJlgﬂi i des,

pol yi m des, polyaryl ers, polysilsesquioxanes a osphosi M cate
gl ass. Arppeortigs @stds nomnally qapositehbywa)PECVDdeckiiqumalthaighcan optidreyer 12

d patt ) i I | S.. e a r i t he
Ao Dot ¢ (adipinbR mebcAn pBNRRNY il Sigidcy e 14 2885 darimbli ekl ¢
f : |1 _ed Wi ol Iematelni@its_carie\)mll‘?sjlwatelglas@r(ﬂFJ&G;eﬂrbmf d@[ﬁiﬂpﬁﬁCCﬂT?i@Xiﬂ@@,per al | loy,
m num or .an, al u nu oy, tungsten or a- un ten allo or a neta
ST e do. PoiBSS, BaANRfps, Bplvelseouanes aad hoRhrsehosigRle diassso ¢ nat i ¢
is copl a%bh@ioh‘ésiéthéyérgﬁoblgéhgwggg%éétb& ohaiEEcHié layarl2r dridepattdried tPf silicon

carbide 13 is deposited by technique on dielectric layer 12 and -
has a t hifeRn@scrsningwhieb s aighdfansirashintothediclpgigsiaysid 2. Aiterii®evD pr ocess

for deposigd SEC A C: | | I | :
tot r anat iy oiaep st fs ROV oA TLE Bty W qorhuchic PRREYA BoinRbed ) ;o
duri ng a ofudoppguend copparcaiiogtalbménan al ap apumoinant slloyphohgstanver d ayer 11
tungsten alloy or a metal silicide. The conductive layer 11 is planarized with a
CMP step so that it is coplanar with the top of dielectric layer 12.

A barrier liner of silicon carbide 13 is deposited by a PECVD technique on
-dielectric layer 12 and has a thickness of between about 200 and 1000
Angstroms. One PECVD process for depositing SiC includes a gas combination
of trimethyisilane, tetramethyl silane, and CO,. Silicon carbide 13 functions as an
etch siop during a subsequent trench etch and also protects conductive layer 11
from chemicals such as the aqueous base developer used to remove photoresist
in a later trench patterning step. Silicon nitride and silicon oxynitride can also be
employed as an etch stop layer (barrier liner).

Next a low k dielectric layer 14 is deposited on silicon carbide layer 13 and
has a thickness of between 2000 and 15000 Angstroms. Dielectric layer 14 is
“preferably comprised of FSG or a carbon doped oxide but may also be selected

| from the group of materials that are candidates for dielectric layer 12. _
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f rom cheni cal s such as the aqueous base devel oper used to renove

. photoresist in a later trench patterning step. Silicon nitride grd KL 288

oxynitride can also be enployed as an etch stop layer (barrier liner).

Next a low k dielectric layer 14 is deposited on silicon carbide |ayer 13
and has a thickness of between 2000 and 15000 Angstroms. Dielectric layer
14 is preferably conprised of FSG or a carbon doped oxi de but may al so be

sel ected faq ' pals that are candidates for diglectric

| ayer 12. fﬁ9@§?Bﬁth%ﬁﬁggﬁﬁgyﬁﬁﬁgﬁﬁﬁﬁﬁg%dﬁ%sﬁﬁtgﬁHuigégwﬂﬁan%yf bigblﬁ »
ite iel.ectric |ayer 14 a PECVD net hod. e source of carbon i

geﬁgts htyl ﬁgﬁﬁ@@e oJU??uS%Q/E‘&% Ogieafgéﬂ Fﬁ/?-m%tﬁylér'iéf‘e 8PMEPHNY suekas meshyl-

preferably trinmethylsilane which is transported into the CVD chanber by a

hel i um ¢ %"Pe?’"&é@!‘s’f@ﬂ@ew Peederaply timetindsitaneavhictols iransppeted intg dine CY/D

enpl oyed as an anorphi sing agent to create an qnnrphoqs character in the

carbon $hafaber by heltm saEriargas o dkey featuraoéthe iRFentionds tidt drgomiss0 t o 500

Watts, a bias of from 500 to 2000 Watts, chanmber and substrate tenperature

of 300C emplgecasiarramorphisimpagentdo ceame Bhamarpheuothdratie anthelapbsh 200
sccm a heliumflow rate of between 100 and 1000 sccm and an argon flow

rate of tayem Bpitad plbnascomitioriseareef REQPoWee of EXS0 MBMEN i3, 3Mhekdr fFGR Pe
tuned by adjusting the gas mixture to provide a range of n values from1l.3

Lo_abouts00 b 200013t e ArRrMibsRbicketBeard BLRP PR 4Rl - 68 at

193 nm The etch ratio of the underlying oxi ayer to the a-carbon | ayer

oS0 sl Ak geianssa 20T ORI ol 0.
PR 1000 L0 0 O gL BoAPSF oo " FhERSHIE RIS "
~values (n and k) can be tuned by adjusting the gas mixture to provide a range of n
-values from 1.3 to about 1.6 at 193 nm and a range of k values from 0.25 to about 0.68
at 193 nm. The eich ratio of the underlying oxide layer to the oc—ca_rbon layer also varies
with n and k and changes from 18:1 when n = 1.43 and k = 0.4 to 50:1 when n = 1.55
and k = 0.67. The amount of amorphous character can be adjusted by the argon flow
rate. In general, the refractive index n decreases as amorphous content increases.
It should be noted that the a-carbon layer 15 just described is tuned for a 193 nm
photoresist but optical measurements could be taken at 248 nm in order to optimize n
and k for a Deep UV (248 nm) photoresist or at 365 nm to tune n and k for an i-liné
photoresist process. Deep UV resists are generally preferred for forming feature sizes
- between about 130 nm and 300 nm while 193 nm resists are the leading candidates for
printing feature sizes from about 130 nm to 100 nm or below. I|Hine photoresists are

widely utilized for feature sizes above 300 nm because of a lower cost process but they

do not have resolution capability below about 300 nm. Therefore, the a-carbon layer 15
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It should be noted that the a-carbon | ayer 15 just described is tuned for a

. 193 nm photoresist but optical nmeasurements could be taken at 228 njdii 005

order to optimze n and k for a Deep W (248 nn) photoresist or at 365 nm
to tune n and k for an i-line photoresist process. Deep U/ resists are
generally. preferred for form ng feature sizes between about 130 nm and 300
nmwhile 193 nmresists are the | eading candidates for printing feature
sizes fromabout 130 nmto 100 nmor below. I|-line photoresists are wdely
utilized for feature sizes above 300 nm because of a | ower cost process but
they do not have resolution capability bel ow about 300 nm Therefore, the
a-carbon layer 15 12 2 5 JUL 2005 can be tuned to control reflectivity

for any RhAURS @RES ko BEAFGTEIAEIVE) R dn)PhdtireSisl Sttt 365 nm
sensitive corrpositi%ns ancg I's ‘X% [ gg I(He tor eis’ttl%eir ) ngs%iﬂ%)i i\?‘g]utdg% or :

negat i ve 98N pifst bineand 865 ape pensitiveecynessitionsdanchisApplieable imgithers or f |
- a- b | 3 t ; referre
n and ik oRHEE 9 bPnod Ve A0 bngflciet |ARIY, i PRAARAETRse I P 5T o

- of the rfef aaathoreayedtXis(frgm fabout 160 fhaticut 500 tAng$trems. e prefgabdies for

the a-carbon | ayer _can be |owered by increasing the RF power and can be
i ncr eased! 3nd Kk valuegferdhe UAFaEbOBH?f‘Sf?ét%ﬁr@iqeéﬁfé“@%%bYﬁﬁ$ﬂU3}5@ pRAdithesi st is

h . | . d i :
Sotvent 5l Aahendd I8 AR brlofELisc TuBHEand s VAIER bidnk SEBIBan TRl 2000
to about 200k lbngséd byrincrdduinethesRIApoivdt antiican be infreasedndta lafgeer 15 and

phot oresi st l.ayer 16 that can have a detrinental effect on the properties
of said ’f%(ﬁ@ﬁ”éﬁ‘yﬁﬂaf‘%lgé§ir§tﬂ°-l ayer 16 is patternw se exposed using a nask

mﬁghi iss Eg;ﬁ\i ggﬂggis{ B th&% spHRIBE Lol A%arBE 1dyer 15 A8 fpikdd toSehrheat € 10
' ~organic solvent to form a photoresist layer 16 having a thickness from about 2000
to about 8000 Angstroms. There is no intermixing of a-carbon layer 15 and
- photoresist layer 16 that can have a detrimental effect on the properties of said
layers. Photoresist layer 16 is batternwise exposed using a mask that is
positioned in the exposure tool and is aligned with substrate 10 which is held by a
-chuck on a stage in the exposure tool. Most advanced photoresists are based on
a chemical amplification mechanism and require a post exposure bake to drive the
chemical reaction in exposed regions to a completion within a predetermined time
that is normally one o two minutes. Then the substrate is developed in an
aqueous base solution to form a via 17 in photoresist layer 16. Vertical sidewalls
with no foot or undercut are formed in the via 17 because there is no acid or base
in a-carbon layer 15 that can interact with photoresist layer 16.

Via 17 is etch transferred through fhe exposed a-carbon ARC 15 by a plasma
etch method that usually includes oxygen and a fluorocarbon such as CF;. Some -
or all of the photoresist layer 16 is removed during this etch. Finally, the via 17 is
transferred through the dielectric layer 14 with an anisotropic etch which is .
performed with a fluorocarbon gas like CHF3 or C4Fs. As mentioned previously,

the a-carbon layer 15 provides a high etch selectivity for this step on the order of
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chuck on a stage in the exposure tool. Mst advanced photoresists are based
on a chemical anplification mechanismand require a post exposuZe) hlilke 2088
drive the chemcal reaction in exposed regions to a conpletion within a
predetermned tine that is normally one to two mnutes. Then the substrate
I s devel oped in an aqueous base solution to forma via 17 in photoresist
~layer 16. Vertical sidewalls wth no foot or undercut are forned in the
via 17 because there is no acid or base in a-carbon layer 15 that can
interact with photoresist layer 16. Via 17 is etch transferred through the
exposed a-carbon ARC 15 by a plasma etch nmethod that usually includes
oxygen and a fluorocarbon such as CF4. Sone or all of the photoresist

| 16, d during this etch. Finally the via 17 js transferred
L ough RHEENSRLLEPd £ BN redis e diPIGRE s .S ERToRved FhE per 1 or med

with a fhpiey 96 ameetastastHankie GHEabOR I4yEFa5. A MR bg&@%d%t%&éfw ¥, the

a-carbon layer 15 provides a high etch selectivity for this step on the
or der of hormaally removed ppaEe seeanseetoh seplbwrmicamentiondl ovetsripping he diel ectric

| ayer 14 i r i f r than the a-carbon | ayer
15. Al %@E?%im%&gq%o%&&!lﬁgttg}@?g?e %gyggo{oﬁ‘gﬁﬁgﬁgﬁhg‘emved by the second etch
step but aNmmdertbodphotordsistiis sPipl ddtitedPbP ARSE-caRdOPRYaPTS bRE bhRed ENDVE any

phot oresj st residue. Next a second photoresist is spin coated on the
a- car bonta fe{fa@ Ataiegishlavern 18 @s shewm i Fiolbr EbptaresisilayerttB alsodilown i n

1 om anot B85 g ¥Rt o Rl ophO, 803 S abode ) 10y, o
t he phot erashat layeyts. P8fembiyhéhes phetossigihayerri@ss shie sdrag el plivtaesiss
sensitiv ay}ero 1Et> g?isssae%%itivmg\{g L(r?engénQe rvx(;j}a\r\]!%?enag?h Pahn%%ogseggosigrgs% Iee{ye%?fissg

that the a-carbon layer 15 is equally effective in controlling CD for both the via and

trench patterning steps.

Referring to FIG. 1c, the photoresist layer 18 is exposed, post-expose baked
and developed to produce a trench 20 in photoresist layer 18. Vertical sidewalls
with no foot or undercut are formed in the trench 20 because there is no acid or
base in a-carbon layer 15 that can interact with photoresist layer 18. Since
reflectivity is controlied, the CD variation of the trench 20 can be maintained
within a = 10% specification over a wide range of exposure dose and focus
settings. An anisotropic plasma etch method is then used to transfer the trench
20 through a-carbon layer 15 with an appropriate gas as cited previously for
etching the via 17. The trench 20 is also transferred into dielectric layer 14 with a
gas chemistry mentioned earlier and is timed to stop at a point wherein the
bottom of the trench 20 is from about 1000 to 6000 A_ngstroms above the barrier
liner 12. -

Referring to FIG. 1d, any remaining photoresist layer 18 and a-carbon layer

15 are then removed by a plasma ashing step with the following conditions: an'
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that the a-carbon layer 15 is equally effective in controlling CD for both
. the via and trench patterning steps. Referring to FIG 1c, the BHbLbHBéUEi
| ayer 18 is exposed, post-expose baked and devel oped to produce a trench
20 in photoresist |layer 18. Vertical sidewalls wth no foot or undercut
are formed in the trench 20 because there is no acid or base in a-carbon

| ayer 15 that can interact wth photoresist |ayer 18. Since reflectivity
is controlled, the CD variation of the trench 20 can be maintained wthin
a 10%specification over a wi de range of exposure dose and focus
settings. An anisotropic plasma etch nmethod is then used to transfer the
trench 20 through a-carbon |ayer 15 with an appropriate gas as cited

ch | . . | ed
pr evi ouslogy e floR'rl didrani 0y 19530 sodfiea RFeBSerdt dbbut 69 1d 60ORIAL: ed 1 nto

dielectric' Tayer 1 a gas emstry ler and Is tined to
stop at angd chamberessuraef about 2hoo20Q g orn: effehe-2arkion layemi&isout 1000 to

6000 Angstr above _t barrier .liner..12. Referrin a Fl 1d, any
remai ni nde%ﬁgfrgmypgtanpj?@fesl@ ¢ HJ”a?-Scaﬁ"bcé’H ‘iaé?/@? Iayé 1§r'§ "B¥en renoved by a
pl asma asbimages bBthedtibn bEthkalid aNbYG slasmatdteminovi to thbsé skilld®lin 2005

oxygen flow rate of from 100 to 500 sccm a RF power of about 100 to 600
Watts; af@eartchanber pressure of about 20 to 200 niforr. The a-carbon | ayer

noxt et Y R S N, et ¥ ose
skil | ed ithe sidewalis and Aottemosirihée NiaF1 zand reneh RO he pratectshe imeds! wiish isTaN, or
W i_ st h%eg%(ﬁﬁ Eﬁeeguél'}lamascene openings. The liner 22 is typically from about 50 |

to 400 Angstroms thick. The dual damascene structure is completed by

depositing a metal layer 24 comprised of copper, aluminum or an Al/Cu alloy to a

level above the trench 20 and then [owerihg the surface with a planarizing

method. For example, a CMP step may be employed to make the metal layer 24

coplanar with the top of dielectric layer 14.

A second embodiment is depicted in FIGS. 2a — 2d. Referring to FIG. 2a, a

substrate 30 is provided which may have a substructure containing active and

passive devices that are not shown in order to simplify the drawings and direct

attention to the key aspects of the present invention. An amorphous carbon layer

32 is then deposited on substrate 30 by a PECVD method in which a

methylsilane such as methylsilane, dimethylsilane, or preferably trimethylsilane is

transported into a CVD chamber with helium gas. A key feature of the invention

is that argon is employed as an amorphising agent to create an amorphous

character in the carbon layer. Typical plasma conditions are a RF power of from

_50 to 500 Watts, a bias of from 500 — 2000 Watts, chamber and substrate

temperature of 300°C to 400°C with a trimethylsilane flow rate of between 50
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the sidewal | s. and bottomof the via 17 and trench 20 to protect the netal
. which is used to fill the dual damascene openings. The liner 222i% JUL 2005
typi.cally fromabout 50 to 400 Angstrons thick. The dual damascene
structure is conpleted by depositing a netal |ayer 24 conprised of copper,
alumnumor an AlI/Cu alloy to a I|evel above the trench 20 and then
| owering the surface with a planarizing nethod. For exanple, a CMP step

may be e dto ke the netal |ayer 24 coplanar with the top of
di el ect rg,gcl %@é?%ag%ﬁ“@”@ Woraieabletiveat 108 ansh] W0stc aRdGh argan-flodd.

Referring to FIG 2a, a substrate 30 is provided which may have a _
subst r uctetf ef Eemt tei 2P snom.vEhaprefeped iivkneds vangstor batarBbe [4yek 3ghewn in
order to sinplify the drawings and direct attention to the key aspects of

the presfeor aboubR60 enabdut HOO0ARRUBNRAT ITRB réMY@ive ifdox \ﬁa:ﬁ&e@ AsPRSL4PSL On
substrate 30 by a PECVD nethod in which a nethylsilane such as

met hyl sifupee bydi iRy ltee bad eni i IRt i ' sport ed
i nt oya CvD chgnbdjetrm[vmgt h Eel m)r(rt?geais%.r&kelﬁggé %‘éggt[? l?rf@ o] d%%hﬂé&ﬁﬁv"éeﬁq ?%ﬁﬁnﬁ@ t hat

a1 G0N | Sotet g roRTRE A R 3088l MTRR & AR ADT Phous  char actor

in the carbon | ayer. Typical asma conditions 'Bower of from 50

tampor at ur ST s gOERr I yGORE Rt eserBR i don £185 Abahetates 5 omsgeeen 50

15 - -------o- - 2 5 égL 2005 ~and 200 sccm a heliumflow rate of between
100 and TEBHTEREHS SoHd B takepat 24&0mria pedesto ppimizson and Rdor 8 Beep UV The
~preferred thickness range for a-carbon layer 32 is from about 200 to about
1000 Ands<tf &), Phaerepist prat 36Renmriadyne alandsk fonaniMing phomredist process.

Deep UV resists are generally preferred for forming feature sizes between about 130
nm and 300 nm while 193 nm resists are the leading candidates for printing feature
sizes from about 130 nm te 100 nm or below. |-line photoresists are widely utifized for
feature sizes above 300 nm because of a lower cost process. Therefore, the a-carbon
layer 32 can be tuned to control reflectivity for any photoresist patterning step including
193 nm, 248 nm, and 365 nm sensitive compositions and is applicable to either positive
tone or negative tone photoresist layers. One CVD chamber can be dedicated to
coating several ARCs by dialing in the necessary gas flow rates to form an a-carbon
layer 32 with n and k values tuned to a particular photoresist application. This is an
advantage over spin-on organic ARCs in which a different composition is required for
each exposure wavelength. As a result, different slots in spin coating tools must be
assigned to each ARC composition and more chemicals in the manufacturing line drives
a higher cost for quality control. Spin-on ARCs must be carefully monitored so that
particles which tend to accumulate in the ARC solution while in storage do not form to

the extent that they cause defects in the coated film.
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tuned by adjusting the gas m xture to provide a range of n values from1.3
. to about 1.6 at 193 nmand a range of k values from0.25 to abopt) QJU&S 2885
193 nm Wile a-carbon | ayer 32 just described is tuned for a 193 nm
photoresist, optical neasurenents could be taken at 248 nmin order to
optimze n and k for a Deep UWW (248 nn) photoresist or at 365 nmto tune n
and k for an i-line photoresist process. Deep UV resists are generally
preferred for formng feature sizes between about 130 nm and 300 nm while
193 nmresists are the | eading candidates for printing feature sizes from
about 130 nmto 100 nmor below. 1-line photoresists are widely utilized
for feature sizes above 300 nm because of a | ower cost process. Therefore,

the a-carbog F?gxlo?éfééistgig th@ s iR éogtbgf%% ﬂuegcg_gafprﬂﬁn @g@l ﬁéﬁafis;yao%gﬁoa“y

phot or esi st tterning step 1 nc nm an nm sensitive
conposi t iremevamndiarsc aplpentctaliben apheidrosist [ager 34 aving arthickneseeiyahni ve t one
phot or esi st ..On chanber n be dedicated t coat i sever al
ARCs by bt %8(5%%‘%3#&8&%535‘55%%%‘%% IdermiXing Of PeGRrBOR YEbN | ayer
32 with oAl fhotaldifst 1dyened thet GarPRivel £ HbRimdMAHREoS theApBbERRLIRN. Thi s
is an advantage over spin-on organic ARCs in which a different conposition
i s requi rsad lyers. Sdutosisd ayee 3das palkergwise gxposed aisingta maisk thatdsit sl ots in
spi n coatj.ng: l. | ot re -
cherm car SRRopRE T 1R PlpoRfre BEF AR o el ARBRISERkIchag reRETR: ¥

control . chock-oara #iRGs imihetexpesory obl| Mystadvanoed ghotordédists arpbasedbres whi ch

tend t Tu) int ARC Juti whi.le in storage .d ot. formto the
ot ont ¢ EehaTisS! ampllicalie BIRCEAN AR EATEE PRTLRXPEEITS kg p BHBENG A

- phot or esigHerligallrB&dtionh RxpOSEErbgithsttBa GorigleRemwitAed pRdebdtthinsd fipked to
remove or %gtnig%o?n%l\llegrt'ne gootv;oo&mu?es?h%t]eonrﬁjsg st Ira er 34 having a thickness

from 1 y substraie is developed in an

aqueous base solution to form a feature such as opening 36 in photoresist layer

34. A large process latitude is realized in which a wide range of exposure dose

and focus settings can be applied while still maintaining CD control. Optionally, a

mask may be inserted that generates a photoresist line such as a gate or the

mask may contain a contact hole .design. Vertical sidewalls with no foot or

undercut are formed in ope_nin_g' 36 as shown in FIG. 2a because there is no acid

or base in the a-carbon layer 32 that can interact with photoresist layer 34.

Therefore, a~carbon layer 32 has an advantage over inorganic ARCs that contain

nitrogen such as SisNs and SiOxNy. Furthermore, the amorphous content of the

a-carbon ARC 32 can be more reliably controlled with argon plasma compared to

prior art a-carbon examples that do not contain argon in the deposition process.

| The a-carbon layer 32 is especially effective in controlling CD when

patterning the photoresist layer 34 over a highly reflective substrate 30 or when

the surface of substrate 30 is comprised of two or more materials, one of which is

more reflective than the other.

17




about 2000 to about 8000 Angstrons. There is no interm xing of a-carbon

| ayer 32 and photoresist layer 34 that can have a detrinmental e}fedULo(ls
the properties of said |ayers. Photoresist layer 34 is patternw se exposed
using a mask that is positioned in the exposure tool and is aligned with
substrate 30 which is held by a chuck on a stage in the exposure tool.
Most advanced photoresists are based on a chem cal anplification mechani sm
and require a post exposure bake to drive the chem cal reaction in exposed
regions to a conpletion within a predetermned tine that is nornally one
to two mnutes. Then the substrate is devel oped in an aqueous base
solution to forma feature such as opening 36 in photoresist |layer 34. A

| arge process latitude is realiz in which a wide range _of exposure dose
and focus s EE'T"I‘%LQEé%ﬁtcbiraé‘ﬁgqrfeégtg‘\mmrbth§thPP3%P‘rﬁaélP‘Pﬁ AGCCBR @snt rol .

Opt i onal i | GRS ' | i ne such
as a gat éu%vﬁgnhg@'n@aﬂg@ﬁa%éﬁ?g{hﬁﬁgﬁhggrwact %g# g“ﬁ:&glsei@gﬁ&ﬁé)zrﬁb?tgal

si dewal | §uyiochrben susbtasdeFs. uheraecuallaf éhe photetesist layse 3drig rétowad shown in

FIG 2a k¢ re i s nao aci r. pbase i.n the a-carbon_|ayer 32 that can
i nt er act B@ﬁ ﬁﬁﬁ%%{%r eﬁei'f]m%alipé’ln%ﬁ?h'c %sﬁe‘?fg?f%?"%@ft%%? [?é(ﬁr ?’éféﬁ 32 has an
advant agphonessistneyadl sndNResetthabn@i@ohsli The Bp&RiAGSS i§ Wdh MensTbrpd and

Si OxNy. Furthernore, the anorphous content of the a-carbon ARC 32 can be

mor e rel A BYLEHE B8 Wilha WashhEYBROBTIAR Hhat PerMidesed hiah etph selectyity of- car bon
| | P Ll Th - b
Cayer 5o e Poaflbr el S i Aodtbete RO KRB S B W e/ i ng che

phot or esredoghizeehe 3ppoyeiataghs ghinposiadh eedtivie affordisd satetivdlsteh imben t he
surface of stuags[%rate 30 ia.cpg{.’)r'sed of two or nore materials, one of which
is  nor eSHRYTHE SO\AS deRipiet i MUY 17

Once the etch transfer to a desired depth into substrate 30 is complete, any
remaining photoresist layer 34 and a-carbon layer 32 are removed by a plasma
‘ashing method involving an oxygen flow rate of from 100 to 500 sccm, a RF power
of about 100 to 600 Watts, and a chamber pressure of between about 20 and 200
mTorr. No residues are formed during removal of a-carbon layer 32. Substrate
30 now has an opening 36 as shown in FIG. 1d wherein the CD has been
maintained to within a + 10% specification.

A removable ARC has been demonstrated that satisfies all of the important
requirements for a layer used to control CD in a photoresist patterning process.
The a-carbon layer described herein is inert towards the overlying photoresist
layer to enable vertical sidewalls in the resulting pattern that translates into reliable
etch transfer. Meanwhile, a large process window is achieved by minimizing
-reflectivity and this reduces rework and lowers cost for the fabrication method. The
method can be readily implemented in a manufacturing scheme since introducing
the gas mixture into existing CVD chambers is straightforward and removing the
material from the substrate is easily accomplished. The method is flexible in that

the refractive index of the material can be turned to be compatible with any
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.2 5 JUL 2005 Opening 36 is etch transferred through the exposed a-carbon

. ARC 32 as shown in FIG 2b by a plasma etch nmethod that usually ?rclJude?f(5
oxygen and a fluorocarbon such as CF4. Sonme or all of the photoresist

" layer 34 is renoved -during this etch dependi ng upon the thickness of the
a-carbon | ayer 32 and photoresist |ayer 34 and the etch conditions. The
opening 36 is then transferred into substrate 30 with a plasna conposition
that provides a high etch selectivity of the a-carbon layer 32 relative to
substrate 30. Those skilled in the art will recognize the appropriate gas
- conmposition that will afford a selective etch into substrate 30 as
depicted in FIG 2c. Once the etch transfer to a desired depth into

subst r at LS : [y ' nd a-carbon
ayer 32 PR SebOTR D aciiihg (bR SRR e BV en 1 ow
rate of fohambe00 to 500 sccm a RF power of about 100 to 600 Watts, and a

chanber press of . bet wee t 2 n 00 _nilorr.,. No.residues are fornmed
during rem)vaiW@%e @%@Y%ﬁﬁﬁl Iia%gtﬁje%nzparﬁﬁlggﬁ 3‘9%“’" §Bd rqgﬁfrﬁ%esds‘gﬁ’ openi ng 36 as
show_nfi n r&e&ncb;ommbﬁrwd?@mmgm%edmt mﬁlBt'bélegidérﬁtdddtw t_ﬁo?e_ 10‘%; o
speci ficatjon. renpvabl e as heen dempnstrated that satjsfies all o

t he mporSMﬁE in F'beq%fi*"f'@wﬁf@usr ehangesdy &orm,ard;defils mavr e medeiwithoubhot or esi st
pat t er ni REBHBFMGERSM thd BEiriPasREEsHE bANRinfGh! bed herein is inert towards
the overlying photoresist Ilayer to enable vertical sidewalls in the
resulting pattern that translates into reliable etch transfer. Meanwhile,
a large process window is achieved by mnimzing reflectivity and this

- reduces rework and |owers cost for the fabrication nmethod. The nethod can
- be readily inplenmented in a manufacturing schene. since introducing
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t he g-as m xture into existing CVD chanbers is strai ghtforward and renovi ng

. the material fromthe substrate is easily acconplished. The netpdd JUL 2005

flexible in that the refractive index of the material can be turned to be
conpatible with any 18 2 5 JUL 2005 photoresist sinply by adjusting the
process conditions within the same CVD chanber. VWile this invention has
been particularly shown and described with reference to, -the preferred
enbodi ments thereof, it will be understood by those skilled in the art

t hat vari ous changes in formand details may be made wi thout departing
fromthe spirit and scope of this invention. 19 2 5 JUL 2005 W claim 1.
A dual damascene nethod conprising: (a) providing a substrate with a stack
of | ayers fﬁkﬂggn{hereon said stack conprising a barrier liner and a
dielectric layer over said barrier liner; (b) form ng an anorphous carbon
anti -refl ecti veAchtd damaseede methad caanprising:.el ectric |ayer with a PECVD

nmet hod that includes a nethyl silane source gas; (c) formng a viain said

anor phous car i@npréiRGingralsubstsxe withteastachpf lagemt forged thibrpat, teaichstagk a fir st
phot oresi st | ayer on said anorphous carbon ARC and transferring said

pattern thresrpprisiag d b@rnmrmmuanﬁardaa@ctﬁaqé@dwbhéauq:larnérainér dielectric
|l ayer with an etch;

(b) formmg an amorphous carbon anti-reflective coating (ARC) over said
dielectric layer with a PECVD method that includes a methy] silane source
gas;

(c) forrhing a via in said amorphous carbon ARC and in said stack by

~ coating and patterning a first photoresist layer on said amorphous carbon ARC
and transferring said pattern through said amorphous carbon ARC and through
said dielectric layer with an etch;

{d) removing said first photoresist fayer and coating a second photoresist
fayer on said amorphous carbon ARC that fills said via;

N (e) forming a trench in said second photoresist layer that is aligned above
said via and transferring said trench through the amorphous carbon ARC and

into said dielectric layer;

(f) removing said second photoresist layer and said amorphous carbon ARC
and removing said barrier liner at the bottom of said via; and

(g) depositing a liner on the sidewalls and bottom of said via and said trench,
.depositing a metal layer to a level above said trench, and planarizing the

metal layer to be coplanar with the top of said dielectric layer.
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(d) renoving said first photoresist |ayer and coating a second photoresi st

| ayer on sai d anorphous carbon ARC that fills said via; (e) fornﬁrﬁ;}UL zmm
trench in said second photoresist |ayer that is aligned above said via and
transferring said trench through the anorphous carbon ARC and into.said
dielectric layer; (f) renoving said second photoresist |ayer and said

anor phous carbon ARC and renoving said barrier liner at the bottom of said
via; and (g) depositing a liner on the sidewalls and bottom of said via and
said trench, depositing a netal |layer to a | evel above said trench, and

pl anarizing the netal |ayer to be coplanar with the top of said dielectric
layer. 20 2 5 JUL 2005 2. The nethod of claim 1l wherein said barrier |iner
is a silicon carbide |ayer having a t hi ckness from about 200 to about 1000

Angstrons. The tho ein said dielectric |ayer is
se?ect ed fr% g?' eo{P‘é" ‘?arﬁ‘g[’ﬁ'aieﬁ e 'ﬁ@r%@‘iqr‘l‘@é‘?’éeﬁ%s car bon

doped silicon d| OXI de pol yar I et her s m des, borophosphosilicate
gl ass, aRdvipga biokeessfipmhakines 209 to 7k eutrf&Q%‘ﬂngﬁ*rOémSm m | wherein said
dielectric layer has a thickness between about 2000 and 15000 Angstrons.

5. The method of claimI| wherein said anorphous carbon ARC is deposited by
a PECVD net RBodhe onethedptRinis 4 Vidwreimesaid bielgctri®Byanisd sekafed\rgstaons. 6. The
met hod of claim 1 wherein said PECVD nethod conprises a RF power of from

50 to 50@rotdt ofsmateriblsaaclodingrilordiitateogla@9afbdn Sop&d siliedrbaibxideenper at ur e
of from300C to 400C, a trinethylsilane flowrate of about 50 to

polyarylethers, polyimides, borophosphosilicate glass, and polysilsesquioxanes.
4. The method of claim 1 wherein said dielectric layer has a thickness between

about 2000 and 15000 Angstroms.

9. The method of claim 1 wherein said amorphous carbon ARC is deposited

by a PECVD method to a thickness between about 100 and 1500 Angstroms.

6. The method of claim 1 wherein said PECVD method comprises a RF
power of from 50 to 500 Watts, a bias of from 500 to 2000 Watts, a chamber
temperature of from 300°C to 400°C, a trimethylsilane flow rate of about 50 to
200 scem, a He flow rate from about 100 to 1000 scem, and an argon flow rate
from about 50 to 200 sccm.

7. The method of claim 6 wherein said amorphous carbon ARC has a
‘refractive index, n, between about 1.3 and 1.6 at 193 nm, and a k value between

about 0.25 and 0.68 at 193 nm.
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200 sccm a He flow rate from about 100 to 1000 sccm and an argon fl ow
~rate fromabout 50 to 200 sccm 7. The nethod of claim6 wherei @ Salil 2005
anor phous carbon ARC has a refractive index, n, between about 1.3 and 1.6
at 193 nm and a k val ue between about 0.25 and 0.68 at 193 nm 21 2 5 JUL
- 2005 8. The nethod of claim6 wherein the RF power is increased to
decrease the refractive index (n). 9. The nmethod of claim®6 wherein the
argon [/ trimethylsilane flowrate ratio is increased to increase the.
refractive index (n). 10. The nethod of claim6 wherein increasing the
argon flow rate increases the anorphous content of said anorphous carbon
ARC. 11. The nmethod of claim| wherein said anorphous carbon ARC is

conpati bl e V4 triheqheth@H ot cRABIE WHErelPR 1OF B%}:"f‘s‘ M@rgtagé'@ d’@@ér@é@? ayer

The nethod of claiml wherein the etch rate of sal dle ectric

relative @% hous carbon ARC is fromabout 18:1 to 50:1. 13. The
nmet hod ofrILJﬁl ‘?sitﬁ)r%qp gﬁel n the bottomof said trench is at a di stance

bet ween about 1000 and 6000 Angstrons above the bottom of sai d via. 14. The

met hod of cl sal con hot or esi s er anor phous
carbon ARC aFe ?%FP%'%%"E&WW"& q%é)éwf’é‘d P‘ieif%sa%ﬂeéﬁ 5 Wil'\?é? from
about 10Q to 600 WAtts, en tlow from about 100 to 500 sccm and a
chanber pre&ssf t%'@?(ﬁé’éﬁaha%éﬁla e 4KeX40DB niforr. 15. The method of claim1
wherel n said liner is corrprlsed of Ti N, TaN, WN\, " '

10. The method of clalm 6 wherein mcreasmg the argon flow rate increases

the amorphous content of said amorphous carbon ARC.

11. The method of claim 1 wherein said amorphous carbon ARC is

compatible with either a positive tone or negative tone photoresié.t.

12. The method of claim 1 wherein the etch rate of said dielectric layer

reIatlve to said amorphous carbon ARC is from about 18:1 to 50:1.

13. The method of claim 1 wherein the bottom of said trench is at a distance
between about 1000 and 6000 Angstroms above the bottom of said via.
14. The method of claim 1 wheréin said second photoresis_t fayer and said
_ 'amorphou's carbon ARC are removed with a plasma etch comprised of an RF
p:ower from about 100 to 600 Watts, an oxygen flow from about 100 to 500 sccm

v

and a chamber pressure between about 20 and 200 mTorr.

15. The method of claim 1 wherein said liner is comprised of TiN, TaN, WN,

Ti or Ta and has a thickness between about 50 and 400 Angstroms.
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Ti or Ta and has a thickness between about 50 and 400 Angstrons. 22 -
Commmteaaoe-o --- --- 25 JUL 2005 16. The nethod of claiml wh@griei hjisa4gh
nmetal |ayer is conprised of copper, alum num or a copper/alum num all oy.
17. The method of claim| wherein the second photoresist |ayer is sensitive
to the sane wavel ength as used to pattern the first photoresist |ayer,

t hereby enabling said anorphous carbon ARC to be effective in controlling
reflectivity for both photoresist patterning steps. 18. The nethod of
“claim6 wherein nethylsilane or dinethylsilane are used to replace
trinmethylsilane as the source of carbon. 19. A nethod of using an
anti-reflective coating (ARC) during a photoresist patterning process and
subsequent etch transfer conprising: (a) providing a substrate; (b)

deposi ting ap gRRMMALS oﬁg%mavﬁ?&emda@h%téw rfiébsmgﬁg%\%f)@éd(ﬁgg and

patterning a photoresist |layer on sald anorphous carb

transferrjng:. sal r . e anor phous carbon ARC and into said
substr at ed%{%%é%&p%ﬂghﬁ'ﬁﬁ&&"@gs; and (e) renoving said photoresist
| ayer and sai d anorphous carbon ARC with a plasma etch step. 23 2 5 JUL

. ] . . ; i
- ;0?:5 c Oﬁo Th‘F? . q]:ﬁtehr%gth%& o? Ic a'mq1 11v%h\e’\f*?e?nr t%ensetcgﬁd S;')Hgfotrég}ételabgr ig ggﬁsriii\?eed ©

to the same wavelength as used to pattern the first photoresist layer, thereby _

‘enabling said amorphous carbon ARC to be effective in controlling reflectivity for

both photoresist patterning steps.

18. The method of claim 6 wherein methylsilane or dimethylsilane are used to

replace trimethylsilane as the source of carbon.

19. A method of using an anti-reflective coating (ARC) during é photoresist
patterning process and subsequent etch transfer 'comprising:
(a) providing a substrate;
(b) depositing an amorphous carbon ARC on said substrate;

(c) coating and patterning a photoresist layer on said amorphous carbon ARC;

(d) transferring said pattern through the amorphbus carbon ARC and into
said substrate with one or more etch steps; and
{(e) removing said photoresist layer and said amorphous carbon ARC with

a plasma etch step.
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doped pol ysilicon, silicon/germanium galliunfarsenide, a netal, an oxide,
nitride, carbide, oxynitride or a combination of nmore than one 2f5 tJud 2005
aforesaid materials. 21. The nethod of claim 19 wherein said anorphous
carbon ARC is deposited by a PECVYD nethod to a thickness between about 100
and 1500 Angstrons 22. The nethod of claim 21 wherein said PECVD net hod
conprises a RF power of from50 to 500 Watts, a bias from about 500 to
2000 Watts, a chanmber tenperature of 300C to 400C, a trinethylsilane flow
rate fromabout 50 to 200 sccm a He flowrate fromabout 100 tol 000
sccm and an argon flow rate from about 50 to 200 sccm 23. The net hod of
claim 22 wherein said anorphous carbon ARC has a refractive index, n,

bet ween abo .3 and 1.6 at 3 .nm. and al ue between .about 0.25 and
068 as. moadhr e TR i, A9 in 3 s balralS I SomT S RAR he ke povier
IS increésed to d creas[_e the refract h_ve index (n). 25. The nmethod of claim
22 wher ePPPRHhROMFECAN. SICPI/IEERINIYM. JREIUM/ Bizepidee amagtab anjaxideditedaed t o
increase the refractive index (n). 24 2 5 JUL 2005 26. The nethod of claim
22 wher ef?fbides pEwyiridg arecarpipation efimors thanranecelfdbe aferesaidongirbals. cont ent
of said anorphous carbon ARC. 27. The method of claim19 wherein said
anor phous carbon ARC is conpatible with either a positive tone or negative
t one phot or &Xli. dhelmgtbod of 2@im Tavimertmoshid Bnarphonsl@arinbe ABGissai d
phot oresi st | ayer and said

deposited by a PECVD method to a thickness between about 100 and 1500

Angstroms

22. The method of claim 21 wherein said PECVD method comprises a RF
power of from 50 to 500 Watts, a bias from about 500 to 2000 Watts, a chamber
temperature of 300°C to 400°C, a trimethylsilane flow rate from about 50 to 200
scem, a He flow rate from about 100 to1000 scem, and an argon flow rate from

about 50 to 200 sccm.

23. The method of claim 22 wherein said amorphous carbon ARC has a
refractive index, n, between about 1.3 and 1.6 at 193 nm, and a k value between

about 0.25 and 0.68 as measured at 193 nm.

24. The method of claim 22 wherein the RF power is increased to decrease

the refractive index (n).

25. The method of claim 22 wherein the argon / trimethylsilane flow rate ratio

is increased to increase the refractive index (n).
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armrphous carbon ARC are rermved with a plasma etch conprised of an
. power from about 100 to 600 Watts,
500 sccm and a chanber pressure from about 20 to 200 nfTorr.

met hod of claim 19 wherein the pattern is conprised of an opening

a via or
such -as

f eat ures.

an oxygen flow rate from about iO.WLt @005
29. The

such as

trench, a line/space array, or a sem-isolated or isolated |ine
in a gate feature or a conbination of one or nore of the aforesaid

30. The nethod of claim 19 wherein said substrate is highly

reflective or is conprised of two or nore nmaterials that have a differing
reflectivity of the light wused to expose said photoresist |ayer. 31. The
met hod of claim 22 wherein nethylsilane or dinethylsilane is used in place

of trimethylsi fragenéthiod BEciBRh R2WISMEInGReredSing the argon flow rate increases

the amorphous content of said amorphous carbon ARC.

27. The method of claim 19 wherein said amorphous_carboh ARC is

compatible with either a positive tone or negative tone photoresist layer.

28. The me_thod of claim 19 wherein said photoresist layer and said
amorphous carbon ARC are removed with a plasma etch comprised of an RF
power from about 100 to 600 Watts, an oxygen flow rate from about 100 to 500

sccm, and a chamber preSsure from about 20 to 200 mTorr.

29. The method of claim 19 wherein the pattern is comprised of an opening
such as a via or trench, a line/space array, or a semi-isolated or isolated line such

as in a gate feature or a combination of one or more of the aforesaid features.

30. The method' of cl'aim 19 wherein said substrate is highly refiective or is
comprised of two or more materials that have a differing reflectivity of the light

uéed to eXpose said photoresist layer.

31. The method of claim 22 wherein methylsilane or dimethylsilane is used in

place of trimethylsilane as the carbon source.
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