INTEGRATED CIRCUIT MANUFACTURING METHOD USING HARD MASK
TECHNICAL FIELD [0001] The present invention relates generally to a
method used in the fabrication of semiconductor integrated circuit devices,
and more particularly to the formation of conducting copper lines and
interconnects in the copper/low-K technology regime which adopts low-K as
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dielectric constant (k<2.5), known as low-K materials, is well known. Low-K

dielectrics are used primarily in backend processing. Backend processing

refers generally to processingTEGbBegUdntigltie formation of transistors in

the wafer substrate to interconnect the transistors, typically with multiple
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c@}fﬁém@u) 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.

1



1 [0004] One of the key patterning issues related to hard mask integration
schemes is its overhang (or low-k undercut) after pattern transfer. The hard
mask overhang is defined as the protruding part of hard mask at the trench
top opening above the low-k dielectric. Formation of hard mask overhang is
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found to these problems. Solutions to these problems have been long sought
(M bridheredeiephiBhiEsnas MECRIGHTEFSGEEES AR E MRS @ em that
infeuft&oiulions toidhese prablemsdavek pag-aludrd dbese: grileddnHbeliadefects,

IR.I CLOSURE OF THE INVENTI NJ{)QDO]6]¥T e presen% i&vegtionc?r vides 1
W B3V ST it AR miisak APSCELERy Yy sbniChcRiding Bratitfing s, Smaller
ingested tenavipgpantintegrdtbd oiccwuisinfpnpéngiemiftequomiectidyeend deridve, it

id ﬁ‘ﬂ‘é&rﬁﬁgfUﬁHUﬁﬁHH‘?&E&%‘rJ%‘ﬂéﬂl&'8%@:%4%8619%@? RIUR G IRECTHIRA¥ims

applying a’hard mask layer over the low-K dielectric layer; forming a via
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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 dipig¢trio$ayer. 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.



[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. 2 BRIEF

DESCRIPTION OPBRHE DRMVRIRTEON00DIHEGRANY BNpartial

cross-sectional view of an integrated circuit hard mask processing system, in
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system, in a wet etch cleaning phase of manufacturing; [0012] FIG. 5 is a
sysiialtrousleditia fegaliess SFrhartey ratedienttitgard mask processing
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and [0013] FIG. 6 js a.flow chart of an.integrated circuit hard mask
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are described in sufficient detail to enable those skilled in theart to make
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changes may be made without departing from the scope of the present

PIREHIE T0815] 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 ma§ he bgracticed without these specific

details. In ord&F SR BB I Q%Hﬁﬁm%?%mgwell-known
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inpthrtiowaripalsoand 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



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
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such as silicon nitride (SiN carbon- g}ﬁped silicon nitride, or nitrogen-doped
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S|I|con oxide (SiO.) or a high K die ectrlcavgler aving a dielectric (K) value of

sErsaarinainsler By e ohrarisahealfy Uhaner brissHicany Yrattier dy pardmppek layer
1lowsitcliglentsis: By@r &10,)isdepesitedieretibelRwhkviieleaitrdayend iiue 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
(BPSG) 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



[0019] The dielectric layers may have dielectric constants from 4.2 to 3.9 and
are of materials such as silicon oxide (SiO.), tetraethylorthosilicate (TEOS),
borophosphosilicate (BPSG) glass, etc. The low-K dielectric layers may have
lower dielectric constants from 3.9 to 2.5 and are of materials such as

aljo brniaed dtéhedetidtortk daikcdie (FTEOS) theydrsgen psilBersigtioxaie (#Bmyder

aﬁﬂ%mmgﬁkﬂﬁfg%@ @R detamRthMRERRIHIcRtE O LMBSWed in FIG. 1.
octamet gyleyclotetrasnoxane (OMCTS), hexamethyldisiloxane (HMDS)

QP20 L erydifiAsarBterier fess) | dravshodytiestiasBLIBSIdR SRROpAsREs the low-K
dtﬂmeibyiﬁw pliosphakehaFdeR), 18ia. Mheanlradoly Wispactic:tby@arsnhaynbavehe

ra-low diel ctrlc nstan Iow 2.5. of Su ateri
o e [ (B 0 S T L By cro
orr@ﬁlmiqmormdmﬂ‘s?@ﬁ psolgtedidie raaH&éaarﬁ@QQJ laﬁpoﬁlp?)owéﬁ@)ommn the

dﬁﬂ&%nﬂﬁ%@?i%é‘ liqa é%@ﬁ%%oﬁﬁﬂn‘ﬂlﬁép RRRYS FiligR o PAPRNEANENHRRR N
low-K materials may 4 also be used as the hard mask layer 112 as long as

DRHESF resBfit rRsErties BRTEIatRsy Redel! Gndehdt RORRS phiidkRngiisteon the
dtﬁa@dﬂ&iqu@alenmmay@ﬁclﬂ;@ asrshowed il Fdtmell. P902Qh&nfifflisiethanical
arrlerl 114 such as a ed metal layer.is de osited ov e
P et T e e R SR S ok
dehdttredaier THe Afiffusimoiantidrykaysl01s domayisedthfdbeantimitiakR @ ktayetayer
164 BiAnHB.pTRy dagglum (Ta) or tantolum nitride (TaN) covered by a 1000 -
2000 A layer of copper (Cu). Within the diffusion barrier layer 114, an
[003AE s i Bsr msostal TRVl e Pressnacan] revided dacknaivmdiohe Batfhimassrlayer
1lae&qn@aﬁeﬁaﬂmﬁm@e@meﬁtmﬁﬁahm%W@S&Qp@ﬁh&dﬁﬂ@&ﬂiﬁd@@ﬂh%, or
dlffuslé)n rler er 114. ﬁstr tcture S {fﬁce %Llff I%r ) t
ChermicalT eycﬁanlééf ef)% iShYesta rIlgll%mg a(e:clfb n%‘r"g‘su%aeccer
dhgtedcdlhnduglm&tamuﬁ ampdrtiierovl-He digheciticl |aiyewid 101 ARunterdon GAEP, the
RXGELAD InCampSRq phvhe ereyelaielipia ! H0ARIhIE saRlayaris

106. [0021] In the present invention, the presence of residual thickness of the
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integrated circuit hard mask processing system 200, in a trench etch and resist ash phase of
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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 (SiOyx) 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



removed. The residual amount of the hard mask layer 112 present on the

low-K dielectric layer 110 acts as a protection from the photoresist (not

shown) used to pattern the next level of interconnect. [0022] Referring now

to FIG. 2, therein is shown a partial cross-sectional view of an integrated
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opening 202 and a'trench 204 are formed by etch process. A resist as _
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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



trench 204, having the damage layer 206, subjected to a localized etching
process. A first fluid 302 is applied by a spin tool (not shown) or wet bench
(not shown). The first fluid 302 may be de-ionized water, a buffer solution, a
solvent, or a gel that will not adversely affect the interconnect 108. A second
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[0930inglitherdageddetat ke lsysemd. kP netoti@dtipach iottgensid enalit dbth enkol flocessing
S)%lt%lﬁ%ggol%}/ﬁgr 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)



110. The multi-fluid localized etch process assures that there is no undercut

of the cap layer 106 or damage to the interconnect 108. [0029] Referring

now to FIG. 6, therein is shown a flow chart of an integrated circuit hard

mask processing system 600 for manufacturing the integrated circuit hard
mask précedsiningysterst 100! iandre sasbodiitvehinfih eiprersamdriventioaying an
The systemQOQdReIuel e RIAVIHAGka LIS RIG DRVRI @Y imgg@tqtg&i redihithe

a block 602; forming an interconnect layer over the integrated circuit in a
block 604; ApPYHEUAINK: dlelectric layer over the interconnect layer in a

block 60%; applyinthg inaidomask hayer avaE e ipanthdielegiriclay@iecnian to the
block 608; forming a via opening through the haé;ﬁil k layer and the low-K
diclectic iy ur T e A AL s A h AT g  frr i
and a setoddicimphyizcdpaeindifer thendavierganastemdnly afidhéhhaldw-K

mask layer iR.allgck {1 2iigppsiting an interconnect metal in the via
[oEenin in a block 614; and chemical-mechanical polishing the interconnect

b TRECTERIRNGEE el Rt mEcrePh Y AR B BA%. THOSH fEester
[asEHil, & sysicipdoaspantutastuies abetitegiadpel edbuitRasdersa sk pHACaSSINGesent
. system, accqrding t embodjment of the present inveptjon, is performed
A b 5 B Bh e L AR PE e o O had
nRAgrrhairvg amaindeteonntict depemdveh thiecisteg rdtaanoiictiréncluding providing

[RBINEECOAREEEMANID the IRLERCQNNEEIRYE s (FRlCtad 13 M RPMINEoR MG the via
dielectric layer over the interconnect IayerééFlG. 1) 4. Applying a hard mask

opsyEIEoVR HERBIYIR SRR BidimdlisheR hrhe Sttty ctrBa dicknase ek thie hard
nlayehikenT i ahdliasesistglfblbrel)h &idnamme ghckir WRE MO hiRTougR thehiandat
itfrrge?hslléelsa%%r&qg ttlhe |PW-K dielectric ﬁ%‘;eerllto the interconnect layer includes

ming an openllrlllﬁ |ﬁrath§a16t?5§/%nrl.lei ) 7 6. Applying a first fluid and a

[8ddNn Y Buiddithehenvierepenimgtfof tenpowing amewier irathgt f thisdbéy dupesks and
sAPYELINGIL AR BEREF CHIORANG: CARWRS féQﬁ%,thﬁn%%??HQ WG 51 Gind) (ncreasing
Depositing interconnect metal in the Via opening to form a connection to the
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



interconnect within the interconnect layer. (FIG. 1) and 8.
Chemical-mechanical polishing the interconnect metal and the low-K
dielectric layer. (FIG. 1) [0031] It has been discovered that the present
invention thus has numerous aspects. [0032] A principle aspect that has

ingéisiad) alaxpecteldl pefissohethst d&oth atethojhekantn invehoion providescansemtying

JeNesive-slwiandasthe Mmanagemaniofihg.avahangseidhe hard mask
layer created during the etch and ash processes of manufacture. [0033]
Another aspect is that the first fluid protects the cap layer at the bottom of the
via opening while supporting the second fluid which globally reduces the
thickness of the hard mask layer. The benefit of the global reduction in the
thickness of the hard mask layer is that it reduces the CMP time for the
interconnect level. [0034] Yet another important aspect of the present
invention is that it valuably supports 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
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8 included claims. All matters hithertofore set forth herein or shown in the
accompanying drawings are to be interpreted in an illustrative and
non-limiting sense. 9 What is claimed is: 1. An integrated circuit processing
system comprising: providing a substrate having an integrated circuit;
Wontrirdaameihigrconnect layer over the integrated circuit; 5 applying a low-K
dielectric layer over the interconnect layer; applying a hard mask layer over
the low-K dieletiSe S FTBHARFRT SRS &G BREMGH the hard mask layer
and thelawinK Lieteatiiec Hayiag o iinegntedeomarct layer; applying a first fluid

and afsrecond fluid in the via gpenint%efor remoginﬁ] glr%_overhang 10 of the

orming an interconnect la over ntegrate C . .
hard mask %ayer; eposnﬁngyan Interconnect metal in the via opening; and

chemipalymeeHawidalstdishnigydreoistahconisesmmmstdieaid the low-K dielectric
layer , 21 ieSyaiemasifRieed RAimcfuehae ¢grprising forming a

diffusion "barrier layer between the low-K dielectric layer and the interconnect
metafOTB182 FréSRaRiAe AR etaihie ard A1k WRerath B Vit HechiLt fer ©
and the secenpditicninciudes depositing the second fluid over the first fluid.

4. The S}’ﬁ%ﬁ ﬁ?sgﬁd?%gdggéaégﬂndlfﬁﬂr hergom 5'%951%%“%&% & £aP Y e hang
over interconnect layer. 5. The system as claimed  claim 1 wherein
applying theofitlst Ruidifesk2a@yprotecting an interconnect from the second fluid.

6. Anjiegralech GireHlh RROGERSING SYRICH GRMRLISIRG: Providing a substrate

having an integrated circuit; forming an interconnect layer over the integrated
circuit iRRIGatHBepRavitRhePHAhing e SHAserIFRhipctRe it die drdctiglgeiriolyer.

applving a gk el cIC IR O e L ING I E0NSSHAYER: forming a diffusion

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

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

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;

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;

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;

10
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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; 30 applying a first fluid and a
secondribsidng thtergienogse ningiafonretifowiiig ensovertarigrof thednasdiomgk the
layer |nclud§§e%gltlgg@|tr\glmg %gﬂ@yg{nﬁmgpg sggond fluid; 10 depositing
interconnect metal in the via opening to form a connection to the

intercOYAEEA WhTHI B  RESRAOM G TAT S P A RsENTRAIBR &xthialsBirsi g
the interco ectm tal and the low-K dielectric er 7. The system a
clalmnéd in Z?he *S turther compﬁsmg ormﬁﬁgug fﬁg%%n%nl%a%rﬁé?l?é%/érdlffusmn

biyeiswdayetHelaaeK thielevtc fhslestandayrs mtértk@nm&‘t:@ne@al imajehion wiach the
agifusippahar uagé%ﬁ%rﬂmpaf HESiiRREnitErRpect metal. 8. The system

as claimed in claim 6 wherein applying the first fluid and the second fluid
incluges demﬁsmmeﬁh@.gmnﬂ(ﬂwoﬁmm Ehezfﬁhrﬁiiﬁlldllﬁ)lplﬁghtﬁh thet fitsidlaid the

selgg lld%ulcp (ﬁ Watg{l buffer s Itllllgggndv%rst V% fﬁrﬁ g]el ﬁi(é)h the rillrs fluid
SyStem as ¢ alme clai ?ur?ﬁer comprising forming a cap jayer ove the
inphelcolmesideyerianeiiciahe bapriayerliewilioongsitride. 10. The system as

claimed in claim 6 wherein applying the first fluid for protecting an

intercbnnect RoRiStAR asebiaeURI SHER AL HSpRART S MS (Mot SIBAMNES Over
tHhetelifbusion 10¥dhm secemnthdluag.1dlid silicon nitride.

10. The system as claimed in claim 6 wherein applying the first fluid for
protecting an interconnect from the second fluid includes applying a first fluid for slowing the

diffusion of the second fluid.
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