| NTEGRATED CI RCU T HARD MASK PROCESSI NG SYSTEM TECHNI CAL FI ELD [ 0001] The
present invention relates generally to a nethod used in the fabrication of
sem conductor integrated circuit devices, and nore particularly to the
formati on of conducting copper lines and interconnects in the copper/|ow K
technol ogy regine which adopts lowK as inter-level dielectric (ILD).

BACKGROUND ART _[00021 In the field of sem conductor fabrication, the use of
di el ectric matiYTECRARGD (JRCUEHHARR MASK RROSGESHNG SKSTEM, known as

low-K materials, is well known. LowK dielectrics are wused primarily in
backend processing. Backend processing refers generally to processing
subsequent to the formation of transistors in the wafer substrate to
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may not be the sane as the ILD. Vias or contacts are forned in the ILD and

filled wth conductive materigl t e interconnect levels in a
specified pattern to achi eve agéggﬁgéﬁﬂﬁgﬁ\ﬁonal ity. [00031 Various |owK
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excess conductive material and thereby isolate the I vi dua
i nt er cdnpedand relegim esrfeinalevt-k dntegrition schemes. The hard mask serves as a sacrificial

layer atop of the low-k which avoid direct contact between low-k and photoresist to prevent
resist poisoning, ensure low-k film withstands harsh resist rework conditions, and facilitate
copper (Cu) chemical-mechanical polishing (CMP) for uniform processing control. Each
interconnect level is separated by an inter-level dielectric (ILD). The individual interconnects
within a single interconnect level are also separated by a dielectric material that may or may
not be the same as the ILD. Vias or contacts are formed in the ILD and filled with conductive
material to connect the interconnect levels in a specified pattern to achieve a desired
functionality.

[0003] Various low-K materials have been used in low-K backend processing with mixed
results. Integration of low-K material into existing fabrication processes is particularly
challenging in the case of backend processing that includes the use of CMP. CMP is a
technique by which each interconnect level is formed in many existing processes. In a CMP
process, as implied by its name, a film or layer is physically polished with a rotating
polishing pad in the presence of a "slurry" that contains mechanical abrasion components
and/or chemical components to produce a smooth upper surface and to remove excess

conductive material and thereby isolate the individual interconnects from one another.




[ 0004] One of the key patterning issues related to hard nmask integration
schenes is its overhang (or |lowk undercut) after pattern transfer. The
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DISCLOSURE OF THE INVENTION

[0006] The present invention provides an integrated circuit hard mask processing system
including providing a substrate having an integrated circuit; forming an interconnect layer
over the integrated circuit; applying a low-K dielectric layer over the interconnect layer;
applying a hard mask layer over the low-K dielectric layer; forming a via opening through the
hard mask layer and the low-K dielectric layer to the interconnect layer; applying a first fluid
and a second fluid in the via opening for removing an overhang of the hard mask layer;
depositing an interconnect metal in the via opening; and chemical-mechanical polishing the
interconnect metal and the low-K dielectric layer.

[0007] Certain embodiments of the invention have other aspects in addition to or in place of
those mentioned above. The aspects will become apparent to those skilled in the art from a
reading of the following detailed description when taken with reference to the accompanying

drawings.




reading of the follow ng detail ed description when taken with reference to
the acconpanying drawings. 2 -- ------------ BRI EF DESCRI PTI ON OF THE
DRAWNGS [00081 FIG 1 is a partial cross-sectional view of an integrated
circuit hard mask processing system in an enbodi nent of the present
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[0014] The following embodiments are described in sufficient detail to enable those skilled
in the art to make and use the invention. It is to be understood that other embodiments would
be evident based on the present disclosure, and that process or mechanical changes may be
made without departing from the scope of the present invention.

[0015] In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may
be practiced without these specific details. In order to avoid obscuring the present invention,
some well-known process steps are not disclosed in detail. Likewise, the drawings showing
embodiments of the apparatus are semi-diagrammatic and not to scale and, particularly, some
of the dimensions are for the clarity of presentation and are shown greatly exaggerated in the
drawing FIGs. In addition, where multiple embodiments are disclosed and described having
some features in common, for clarity and ease of illustration, description, and comprehension
thereof, similar and like features one to another will ordinarily be described with like
reference numerals.

[0016] For expository purposes, the term “horizontal” as used herein is defined as a plane

parallel to the conventional plane or surface of the wafer substrate regardless of its




some features in common, for clarity and ease of illustration, description,
and conprehension thereof, simlar and |ike features one to another wll
ordinarily be described with Iike reference nunerals. [00161 For
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112, such as silicon oxide (SiOy) or a high K dielectric layer having a dielectric (K) value of
greater than 3.7, or the mechanically and/or chemically harder type of the low-K dielectric
layer 110, is deposited over the low-K dielectric layer 110.

[0019] The dielectric layers may have dielectric constants from 4.2 to 3.9 and are of
materials such as silicon oxide (SiOy), tetraethylorthosilicate (TEOS), borophosphosilicate
(BPSQG) glass, etc. The low-K dielectric layers may have lower dielectric constants from 3.9
to 2.5 and are of materials such as fluorinated tetraethylorthosilicate (FTEOS), hydrogen
silsesquioxane (HSQ), bis-benzocyclobutene (BCB), tetramethylorthosilicate (TMOS),
octamethyleyclotetrasiloxane (OMCTS), hexamethyldisiloxane (HMDS), trimethylsilyl
borate (TMSB), diacetoxyditertiarybutosiloxane (DADBS), trimethylsilil phosphate (TMSP),
etc. The ultra-low dielectric layers may have ultra-low dielectric constants below 2.5 and are
of such materials as polytetrafluoroethylene (PTFE) commercially available as Teflon-AF
and Teflon microemulsion, polyimide nanofoams such as polypropylene oxide, silica

aerogels, silica xerogels, and mesoporous silica. The above-mentioned low-K materials may




(BPSG) glass, etc. The lowK dielectric |ayers may have | ower dielectric
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[0022] Referring now to FIG. 2, therein is shown a partial cross-sectional view of an
integrated circuit hard mask processing system 200, in a trench etch and resist ash phase of
manufacturing. The partial cross-sectional view depicts the substrate 102, having the
integrated circuit 101 fabricated thereon, the inter-level dielectric layer 104 is deposited over
the integrated circuit 101 and is covered by the cap layer 106, such as silicon nitride (SiN),
carbon-doped silicon nitride, or nitrogen-doped silicon carbide (nBlok). The interconnect
108, such as a copper interconnect, is electrically connected to the integrated circuit 101
through a contact layer (not shown).

[0023] The low-K dielectric layer 110 is deposited over the inter-level dielectric layer 104
and the cap layer 106. The inter-level dielectric layer 104 and the low-K dielectric layer 110
are substantially similar in the chemical make-up and dielectric value (K). The hard mask
layer 112, such as silicon oxide (SiOy) or the high K dielectric layer having a dielectric (K)

value of greater than 3.7, or the mechanically and/or chemically harder type of the low-K




[0022] Referring nowto FIG 2, therein is shown a partial cross-sectional
view of an integrated circuit hard mask processing system 200, in a trench
etch and resist ash phase of manufacturing. The partial cross-sectional
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[0026] The second fluid 304 more aggressively etches the hard mask layer 112 at the top of

the via opening 202 and across the global bulk of the hard mask layer 112, reducing its
thickness. The second fluid 304 etches the hard mask layer 112 beyond the via opening 202,
such that the diameter of the opening in the hard mask layer 112 is greater than the diameter
of the via opening 202 in the low-K dielectric layer 110. The first fluid 302 reduces the
diffusion of the second fluid 304. This protects the interconnect 108 at the bottom of the via
opening 202 as well as maintaining the integrity of the cap layer 106. Both of these are
required for production yield and reliability of the integrated circuit 101.

[0027] Referring now to FIG. 4, therein is shown a partial cross-sectional view of an
integrated circuit hard mask processing system 400, in a wet etch cleaning phase of
manufacturing. The partial cross-sectional view depicts an alternative method of
manufacturing. In this approach a wet etch cleaning step is used to remove the damage layer
206, of FIG. 2, prior to the localized etching process. A mild aqueous solution of a weak

acidic buffer, diluted hydrofluoric acid, or hydrofluoric acid is used to remove the damage




by the sane tool as the first fluid 302. The second fluid 304 is held in
suspension on the first fluid 302. This limts the anpbunt of etching that
takes place in the | ower section of the via opening 202, preventing an
undercut of the cap |ayer 106. [0026] The second fluid 304 nore
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shown  gorf deMidviipadit omhaﬁg o'frt‘ﬁeeﬂefréttﬁﬂk Ghyep ith b blrt%kchzrfa SRIMRCRSler ARt em
600 for manufacturing the integrated circuit hard mask processing system

100 i nmataldnitdvigwpeniog in & blask &d énand; gheancal-erechatieal ppdisking 6@0intencoinnelss
provi di I {6%1%nd the ultra low-K dielectric layer in a block 616.
[0030] In greater detail, a system to manufacture an integrated circuit hard mask processing
system, according to an embodiment of the present invention, is performed as follows:
1. Providing a substrate having an integrated circuit. (FIG. 1)
2. Forming an interconnect layer over the integrated circuit including providing
an interconnect within the interconnect layer. (FIG. 1)
3. Applying a low-K dielectric layer over the interconnect layer. (FIG. 1)
4. Applying a hard mask layer over the low-K dielectric layer includes protecting
the low-K dielectric layer from the photoresist. (FIG. 1)
5. Forming a via opening through the hard mask layer and the low-K dielectric
layer to the interconnect layer includes forming an opening in a cap layer.
(FIG. 1)



substrate having an integrated circuit in a block 602; form ng an _

I nterconnect |ayer over the integrated circuit in a block 604; applying a
low-K dielectric |ayer over the interconnect layer in a block 606;
applying a hard mask |ayer over the lowK dielectric layer in a block 608;

formng a vi a @Poalig BeRuOfil A Ao idg%ﬁégga% @*‘Wrs guecLric

| ayer to the |nte connect layer I1n a i d and
a second fluid i everheng phthepemd mepskflayerriachndésnproanting eideapglagér fibe thar d
mask layer in a bl oc‘g 61d§' g:gﬁositi ng an interconnect netal in the via
opening in a bl o8¥°B4 0GR cal ~mechani cal pol i shing the interconnect

netal and the ul Degodi@iy lﬁté}bﬁ{n‘%&t bl iR vih B é’hu}?é Wﬁ)rﬁxl@ cor[n?: ﬁ I{Ple

greater detail, a systemto nmanufacture an ' nt egrated circul _
processi ng systmrcmir‘dlﬂmgtln@lnamccambadayﬂzr(ﬁ?mfl)tdnd present i nvent i on is

performed as fol Pr ovi di n tra e havin I nt egr at ed
circuit. (FI Gé)l Emlcléf;fnr?fk??élwé P‘ﬁfg lr){ﬁ qr%@’é‘FCtog'é"rtat Rad; Heedputied
circuit incl ud| ngle[ycg}wlgyé}g FI@N1) nterconnect w thin the interconnect |ayer.
(FI G ing al owﬁ( di el ectric layer over the interconnect |ayer.
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a cap layer. (FIG 1) 7 Applying a first Id and a second fluid in

the vi glaélb@ﬁf%‘ﬁeﬁéfﬂ d‘l‘rél?ﬁ)tw gighand aghpiopesses offmamuéachued nask | ayer incl udes
pr otec 0(’3§ t R‘ﬁoﬁ’l aép@gtﬁ.' tﬂétqm: rﬁps% i f %fdﬂt'gc}tg hlél cap 1%}5 lﬁGE tt}re) lhotiogx Pﬁgwl ’\Ella ng
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i nt er copendieg wiile Biyppotties thl&ts@écﬁﬂnﬂhlﬁdtwﬁl&y globally-tdducds) tha ﬂl(ijicﬁahess Iof theKhard
and the | ow
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| nvent jQBdcBYthe kAP BHEELPHR iARRBAhG: 1dv3032] A principl e aspect that has
been unexpectedly dlscovereé is that thé present invention provides a cost
ef f ect [@084F ol et anwther omportent axpeeiyeithe presént tilnentivie isrthmgit odlusbie sigoets and
services the historical trend of reducing costs, simplifying systems, and increasing
performance.
[0035] These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.
[0036] Thus, it has been discovered that the integrated circuit hard mask processing system
of the present invention furnishes important and heretofore unknown and unavailable
solutions, capabilities, and functional aspects for integrating hard mask layer into the dual
damascene low-K dielectric manufacturing process. The resulting processes and
configurations are straightforward, cost-effective, uncomplicated, highly versatile and
effective, can be surprisingly and unobviously implemented by adapting known technologies,
and are thus readily suited for efficiently and economically manufacturing integrated circuit
devices low-K dielectric interconnect structures fully compatible with conventional
manufacturing processes and technologies.
[0037] While the invention has been described in conjunction with a specific best mode, it
is to be understood that many alternatives, modifications, and variations will be apparent to

those skilled in the art in light of the aforegoing description. Accordingly, it is intended to

embrace all such alternatives, modifications, and variations that fall within the scope of the




mask | ayer created during the etch and ash processes of manufacture. [0033]
Anot her aspect is that the first fluid protects the cap |ayer at the bottom
of the via opening while supporting the second fluid which globally
reduces the thickness of the hard mask |ayer. The benefit of the gl obal
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t he pr desvihgs a1y @bd tﬁfbrpl‘étddhﬁhn musttaﬂlw&ﬂmhogqﬁﬁ%g%e@s@d services the
hi storical trend of reducing costs, sinplifying systens, and increasing

per formance. [0035] These and other val uabl e aspects of the present

i nvention consequently further the state of the technology to at |east the
next |evel. [0036] Thus, it has been discovered that the integrated circuit
hard mask processing system of the present invention furnishes inportant
and heretof ore unknown and unavail able solutions, capabilities, and
functional aspects for integrating hard mask |ayer into the dual danascene
| ow- K di el ectric manufacturing process. The resulting processes and
configurations are straightforward, cost-effective, unconplicated, highly
versatile and effective, can be surprisingly and unobviously inplenented
by adapting known technol ogies, and are thus readily suited for
efficiently and econom cally manufacturing integrated circuit devices

| ow-K dielectric interconnect structures fully conpatible with conventiona
manuf act uri ng processes and technol ogies. [0037] Wiile the invention has
been described in conjunction wiwth a specific best node, it is to be
understood that nmany alternatives, nodifications, and variations will be
apparent to those skilled in the art in |light of the aforegoing
description. Accordingly, it is intended to enbrace all such alternatives,
nodi fi cations, and variations that fall within the scope of the 8
------------- included claims. All matters hithertofore set forth herein
or shown in the acconmpanying drawings are to be interpreted in an
illustrative and non-limting sense. 9 -- - ------- - ---- What is clained
is:




1. Anintegrated circuit processing systemconprising: providing a
substrate having an integrated circuit; formng an interconnect |ayer over
the integrated circuit; 5 applying a lowK dielectric |ayer over the

i nterconnect layer; applying a hard mask | ayer over the lowK dielectric
| ayer; Jorm a Via opening through the hard mask | ayer and the | owK

di el ect't 7 1§ %&edﬂ% the interconnect layer; applying a first fluid and a
second fluid in the via opening for renmoving an overhang 10 of the hard
mask | ayer; ldepodintintegraigd Girpuit PEQASAERE SYHAIA COMPrisiAg vi a openi ng; and

chem cal - nme I,5h] t j ct nmetal and the | owK
dielectric Pgt%drlﬁghif?&?ﬁ%mggg{ge%qgeg%ﬁ?%dfcﬁgﬁi n claiml further conprising
form ng a diférinisg amintdrasnieetrlayayeer the imegatedeirchiow K di el ectric | ayer and
the_interconnect netal. 15 3. The systemas clained in claim1l wherein
appPyi ng t hérplyinga lpygf gi ¢ kayer ayise Bigdnterqenaedt fietides deposi ting t he
second fl ui t i J : . claimed in claiml
further cong?ﬁgﬁ%é‘l g(}ﬁa%%fagycdé)ggfhgégvrﬂiggle%é@%ﬁfe%%t erconnect |ayer. 5. The
system as clfammeglaivia opening throvphrtbe hamipphyk lagert 4 the iet-K Higiedtricolayer! t0
protecting an interconnect fromthe second fluid. 6. An integrated circuit

processing syst et PR pr ovi di ng a substrate having an integrated
circuit; foupho8eanishiSHGRANEEEoAPHEM iR YR viatpehin qg[x%fn%@ir% nC(WeI'hang
including providing an 1 nterconnect within the 1 nterconnec ayer; F5

appPyi ng a | ow Kotlihelhend mask lapsrer over the interconnect |ayer; applying a

har d k | ayer.over .the |owK di.el ectric |ayer includes protecting the
I g\r/v- ngisel eggmsgmlgi‘%wefcro&mq H@gaﬁ%ﬁﬁrvé%?%‘i“,lﬁl&; 8?‘571’ ng a vi g openi nggt hr ough

the hard magkerhig¥ahedhadichhlisRi¥e thlin®hr&nnitGmétalyfid th@low-Reié1BUAE &RepECt
| ayer includes formng an opening in a cap layer; ;0 applying a first fluid

and a second. f | Uirdle Iiubhiead/LAARPRM Rebiho] HARDVEAGAMOYSHIARY affysbRe hard
mask | ayer I ncl udeg Sg? ot e?:sti nb %}ﬁe ca;lj I ayerﬂ%}r o({n}grt)ll?lsli]en%econ %I ul ?IBH
barrier layer between the low-K dielectric layer and the interconnect metal.

L5 3. The system as claimed in claim 1 wherein applying the first fluid and the

second fluid includes depositing the second fluid over the first fluid.

4. The system as claimed in claim 1 further comprising forming a cap layer over

the interconnect layer.

5. The system as claimed in claim 1 wherein applying the first fluid for

!0 protecting an interconnect from the second fluid.

6. An integrated circuit processing system comprising:
providing a substrate having an integrated circuit;
forming an interconnect layer over the integrated circuit including providing an
interconnect within the interconnect layer;
'5 applying a low-K dielectric layer over the interconnect layer;
applying a hard mask layer over the low-K dielectric layer includes protecting the
low-K dielectric layer from the photoresist;
forming a via opening through the hard mask layer and the low-K dielectric layer to
the interconnect layer includes forming an opening in a cap layer;
0 applying a first fluid and a second fluid in the via opening for removing an overhang

of the hard mask layer includes protecting the cap layer from the second fluid;
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10 depositing interconnect netal in the via opening to forma connection to
the interconnect within the interconnect |ayer; and chem cal - nechani cal
polishing the interconnect netal and the lowK dielectric layer. 7. The
systemas clainmed in claim6 further conprising formng a diffusion 5
barrier layer between the |owK dielectric |ayer and the interconnect netal
i n whi ch t hdepesiting stersompact imetal iy dhe fdr rapeningaty jferm t2 comrectipn doctienect

netal. 8. The Sy?ﬁtﬁﬁ%ﬁ%&%ﬁhﬁqﬂe lrﬂer%rﬁ{e?}?gl%%’ggﬁdm n applying the first fluid

and the second I nc €s deposi Second fluid over the first

fluid in whichémichlemtitagical palistingitheinkgesnnderetal @@ddhaidveK. didletttt idfker.
solution, a solvent, or a gel. 10 9. The systemas clained in claim®6

further conprisi maef9Eteinngs dlaGAed iRYEHmOY SarthéMEohpHShE FORGARE o AXREiIohN
which the cap layer is silicon nitride. 10. The systemas clainmed in claim
6 wher &pmicappveyibetveenethelpwtK fdieleetrit dayer pmandt thetintescoanedt metak onmbiech theom t he

d i d ol | i n first fluid far, slowng the diffusion of
tsﬁgogegs)érfl‘gkogl6u%%rq¥%%{%%%bﬁrﬂ?r§8tﬁ§tl r qnpg%ir{x&%lr ocessi ng system
conprising: , a sybstrate havjn nintegrated.circujt; an_in§erconnect
I a;rgrl ove? Bhe i P&V ’@daScFlPE’g‘?d?}n glajm\f. Rhggein éBRﬁV‘in& the first éﬁb‘ﬂl 2F’é‘dﬁ’&iver

t he i Nigdond TEE inclifiéS HepddithRy te ¥BSHad! BHE overr iR firSmAY §h WHIGh g-@vﬁr§t uid
dielectric layer, having no overhang; ?0 a via opening forned by the hard

mask | ayadudendeoiiorizes waters a buffersotgtionah sglved, o4 gelt he | ow- K diel ectric |ayer
havi ng a second opening, and aligned with the interconnect |ayer having a
t hil@d openi Ag; afitieaystémtaeclaimedt claed alfurttesp edmbpeising forntigg Wicap tiyenong,
provi des that the intercg.n ect qetal does not, diffuse into the | owK

di el ectq iptefeqpagct layer yow *?Héhes%t@fﬁésss‘]é@é‘i%@ei n claimil further

conprising a diffusion barrier |layer between the lowK dielectric |ayer

and the int éPcond8etsyitsmalas daimehin slaimef wheteinapplyingn thel ﬁlrﬁ’m fluidwfrar ei n
L, TSNS e ol S5 PRSP M LT o

di el ectric emas claine er c r'i sing
a cap WdfusionbefttieesoondiBuid.

L5 11.  Anintegrated circuit processing system comprising:
a substrate having an integrated circuit;
an interconnect layer over the integrated circuit;
a low-K dielectric layer applied over the interconnect layer;
a hard mask layer, applied over the low-K dielectric layer, having no overhang;

'0 a via opening formed by the hard mask layer having a first opening, aligned with the
low-K dielectric layer having a second opening, and aligned with the
interconnect layer having a third opening; and

an interconnect metal deposited in the via opening, provides that the interconnect

metal does not diffuse into the low-K dielectric layer.

'5 12, The system as claimed in claim 11 further comprising a diffusion barrier layer

between the low-K dielectric layer and the interconnect metal.

13.  The system as claimed in claim 11 wherein the interconnect metal is polished

to be coplanar with the low-K dielectric layer.

14.  The system as claimed in claim 11 further comprising a cap layer between the

i0  low-K dielectric layer and the interconnect layer.
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;0 lowK dielectric |layer and the interconnect |ayer. 11 15. The system as
claimed in claim 11l wherein no overhang of the hard mask |ayer is beyond
the lowK dielectric layer. 16. The systemas clained in claiml1l | further
conprising: an interconnect within the interconnect layer; 5 a cap |ayer
havi ng an oi)enl n%hﬁand a connectl on bet ween t he interconnect netal and the

i nt er connec Syfiem asrtl@imedrinedein 4f othergn norpyerhang hihghaed Maskd i n

clalmi]a 1fﬁ!rbte 4 @ciffusion barrier layer between the |owK
di el ect i r an e 1|91%%ercc8rnnect metal wherein the diffusion barrier

clai %332"@?‘; mT?%‘xa% t ot Rl GRS Ebines " opl anar - wi 1 the

| ow K di el eﬁ[ﬂt&cbr&&@ﬁwﬂﬁ;ﬁthé’iﬁ@er&)tﬁ&&ﬂhﬁ claimed in claim16 further
conprising a cap |ayer between the lowK dielectric layer and the
i nt®rconnect ARy prlymmnrpgen@gc ayl | ayer includes silicon 15 nitride. 20.

The system gs d aj n Kk

| ayer is begon(glnt%ﬁ[@ll R’Yg%hi{ ei’? g%/glrlalglnc udeg glti’ﬁ];?ry%gtl gﬁ{ q%ﬁ?‘lger

| ayer copl anar Wwirdtércodiect lapdrer connect netal and the hard nmask | ayer. ?0 12
17.  The system as claimed in claim 16 further comprising a diffusion barrier layer

between the low-K dielectric layer and the interconnect metal wherein the diffusion barrier

.0 layer forms a barrier to the interconnect metal.

18. The system as claimed in claim 16 wherein the interconnect metal is coplanar

with the low-K dielectric layer.

19.  The system as claimed in claim 16 further comprising a cap layer between the
low-K dielectric layer and the interconnect layer wherein the cap layer includes silicon

[5 nitride.

20. The system as claimed in claim 16 wherein no overhang of the hard mask
layer is beyond the low-K dielectric layer includes a diffusion barrier layer coplanar with the

interconnect metal and the hard mask layer.
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