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Field of the Invention The present in ention rel ates generally to the
fabrication of sem conductor structur and nore specifically to the
fabrication of copper, LowK dielectri c dual damascene structures.
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fabrication operation primarily utilized to planarize the surface topography of deposited layers,
and to remove the overburden deposits. Additional fabrication operations including surface
finish, buffing, insulator cleaning, etching , and the like, are also frequently accomplished using
CMP processes and apparatus.

At the substrate level, transistor devices having diffusion regions are formed over and
into silicon substrates. In subsequent levels, interconnect metallization lines are patterned and
electrically connected to the transistor devices to define a desired functional device. As is well
known, patterned conductive layers are insulated from other conductive layers by dielectric
materials, such as silicon dioxide in conventional cases. At each metallization level there is a
need to remove the overburden metal or to planarize dielectric material. Without planarization,
fabrication of additional metallization layers becomes substantially more difficult due to the
higher variations in the surface topography. In other major applications, metallization line
patterns are formed in the dielectric material, then conductive material is deposited over the
whole wafer surface, and finally, metal a CMP operation is performed to remove excess

metallization, e.g., such as copper. An additional diffusion layer is normally deposited prior to



2 conductor deposition to prevent diffusion of conductive material into the
bul k of dielectric that deteriorates its insulating dielectric properties
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a process of choice for the integrated circuit industry. In copper dual
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and chemical properties being processed by CMP.

Figure 1C shows an ideal completion of a dual damascene structure fabricated in a
portion of a semiconductor wafer 10. The ideal structure illustrated is the fabrication goal
following a second CMP of the structure illustrated in Figure 1B. Barrier 18 (see Figure 1B) is
removed leaving a planarized insulator surface including the insulator 12, a barrier liner 18' of
features 14, and the copper fill 16' within features 14. It should be noted that number of
materials with differing material and chemical properties processed by CMP in Figure 1C is now
three.

As is known, CMP was initially developed for, and is most effective and well suited for
planarization of a non-planar homogenous (i.e., consisting of the same material) surface.
Looking again at Figure 1B, it should be appreciated that in final phases of the copper CMP, the

surface is neither homogenous, nor is it in need of planarization. In typical copper dual



WO 03/ 058703 PCT/ US02/ 41256 3 damascene structure fabrication, CMP is the
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conduct haterogBiedus @hirface including the hard barrier 18 and the soft copper 16' are not optimally
processed by the same CMP operation. Instead of the ideal structure illustrated in Figure 1C, a
typical semiconductor wafer is processed less precisely and results in less than ideal structures
therein.

Figure 1D illustrates a typical copper dual damascene structure reflecting structural flaws
typical of heterogeneous CMP processing. CMP generally removes barrier 18 (see Figure 1B)
and leaves features 14 lined with barrier liner 18' and copper filled 16', but surface irregularities
are noted such as dishing 20 in the copper fill 16', and a less than planar surface 22 across the
structure. ‘The less than planar surface 22 typically also includes dielectric erosion 24.
Additionally, because copper is a materiél of the structure, and it is a soft and reasonably
chemically reactive material, preventing corrosion of the copper fill 16', and scratching, are also
serious fabrication challenges.

What is needed are methods and apparatus for copper, and other conductive material,
dual damascene structure fabrication that exploit the advantages of CMP for planarization of the

homogenous part of the overburden material, which is copper, and implement alternative



dual damascene structure fabrication that exploit the advantages of CWP for
pl anari zation of the honobgenous part of the overburden material, which is
copper, awo o3opd7esrent alternative WO 03/ 058703 PCT/ US02/ 4P2FAIS0A441256
fabrication processes better suited fpr heterogeneous surface processing.
The net hods and apparatus should be i nplenmented to nmaxi m ze manufacturing
efficiency, and position the technology of dual damascene to better
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The method further includes performing a chemical mechanical planarization (CMP) operation
to remove the overburden amount of the conductive material. The CMP operation is configured
to be discontinued upon reaching at least part of the barrier layer. The method then performs a
dry etch to remove the barrier layer. The dry etch is configured to expose at least part of the
capping film.
In another embodiment, a method for fabricating semiconductor structures on a insulator
is disclosed. The method includes forming a LowK dielectric material over the insulator and
then forming a capping film over the LowK dielectric material. The capping film is defined by
at least two contiguously formed material layers. The method next forms features in the LowK
dielectric material which have inner surfaces defined by the LowK dielectric material. The
features define regions for receiving a conductive material. The method further includes

forming a barrier layer over the capping film and over the surfaces of the features. The features

are filled with the conductive material which leaves an overburden amount of the conductive



features define regions for receiving a conductive material. The nethod
further includes formng a barrier |layer over the capping filmand over
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the nmethod repeated. The advantages of e present invention are nunerous.
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is required. If the next LowK dielectric layer is required, a next LowK dielectric layer is formed

and the method repeated.

The advantages of the present invention are numerous. One notable benefit and
advantage of the invention is that CMP is exploited for fabrication operations well suited for
CMP, and etch is utilized for those operations better suited for etch. The resulting structure is
more precisely fabricated and with less scrap and defects.

Another benefit is the methods of the present invention accommodate the emerging
technologies of ultra-LowK dielectrics, and are therefore capable of implementation as new
materials and structures are introduced.

Other advantages of the invention will become apparent from the following detailed

description, taken in conjunction with the accompanying drawings, illustrating by way of

example the principles of the invention.



materials and structures are introduced. O her advantages of the invention
W | becone apparent fromthe follow ng detailed description, taken in
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copper gal damascene structure of Figures 2A and 2B at the
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LowK dielectric insulator in accordance with one embodiment of the present invention.

Figure 2B shows the copper LowK dual damascene structure of Figure 2A at the
completion of ultra-gentle CMP in accordance with one embodiment of the invention.

Figure 2C illustrates the copper LowK dual damascene structure of Figures 2A and 2B at
the completion of barrier etch in accordance with one embodiment of the invention.

Figure 2D shows the copper LowK dual damascene structure of Figures 2A through 2C
at the completion of thinning etch of the capping film in accordance with one embodiment of
the invention.

Figure 3A shows a closer view of a section of copper LowK dual damascene structure
shown in Figures 2A through 2C in accordance with one embodiment of the invention.

Figure 3B shows a portion of a structure having a capping film composite stack in
accordance with one embodiment of the invention.

Figure 4A is flow chart diagram illustrating the general overview of method operations
performed in fabricating copper LowK dual damascene structures in accordance with one
embodiment of the present invention.

Figure 4B shows flow chart diagram illustrating the method operations performed in the
fabrication of a copper LowK dual damascene structures in accordance with one embodiment of

the present invention.



Figure 4A is flow chart diagramillustrating the general overview of nethod
operations perfornmed in fabricating copper LowK dual damascene structures
i n accor dap®3/0s470h one enbodi nent of the present inventi @QT/USOZUN266 4B
shows flow chart diagramillustrati ng7the met hod operations performed in
the fabrication of a copper LowK dual damascene structures in accordance
with one enbodi nent of the present invention. WO 03/058703 PCT/ US02/ 41256
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necessi inathe ragt, tieat thp preasenthisgentionf mby be gracticed motess same wsall afothessr saeeidisper
LowK dual damascene structures. Further, copper,is used in a.preferred
enbodi n@?ﬁ%lgopﬁt%@fﬂ%%‘é’ﬁ% Wﬂﬁé‘?ﬂ"f‘bﬁ"&iﬁé OPBYaBB S ‘WSf‘i@? 58%1‘ ???ﬁ?‘ger%ﬁlﬁr‘{aehlglﬁ‘ in
sem conguet QY to ﬁﬁﬁdé%sﬂfifé%bs@ﬁ& tHel préfd@tindedion’ €cogni zed that the present

invention is not [imted to the use of copper as a conductive material.
Rat her, copp@oppes disdoddmmsedne stsuciures |areiSraquentlye fehrivatidnimta Lok di¢lectric
met hods, arid strt%ctures defcrf'{bc?d zcalre aQIE)I i cabl e tcwﬁ%neral | any conducti ve
mat er | afmsulator to form copper Low ual damascene structures. ile copper-has emerged as a

preferred conductive material for the general structure, technological advances in LowK

dielectrics are resulting in fundamental structural changes in the LowK dielectric insulators.
These fundamental structural changes are necessitating new approaches to fabrication processes
used to form copper LowK dual damascene structures. Further, copper is used in a preferred
embodiment of the present invention due to its preferred implementation in semiconductor
structures, but it should be recognized that the present invention is not limited to the use of
copper as a conductive material. Rather, copper is used herein as an illustrative embodiment,
but the methods and structures described are applicable to generally any conductive material,
and by way of example, Tungsten and Aluminum are just two more of a plurality of conductive
materials used in LowK dielectric dual damascene structures.

One of the fundamental structural changes in the LowK dielectric insulator is the
migration to porous and highly porous dielectric materials. The resulting structure will represent
significant advancement over prior art structures, but will also necessitate manufacture and

process modification. The typical fabrication processes of a first CMP to remove the copper
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plurality of conductive materials used in LowK dielectric dual damascene
struct ur es0 o@s8703 t he fundamental structural changes in Pog/USONK 256
dielectric insulator is the magrati @n to porous and hi ghly porous
dielectric materials. The resulting structure will represent significant
advancenent over prior art structures, but will also necessitate

manuf act urne and rQces ifi i OR. (VA e] ; ' [ of
i r oo ks SRR SR isp bl B tbHEer e BB ), Bk M RRBE TS,
and a sgeeadivel/Bbdwe, MBIt Mtbdifeiatibe indfderdiReng Ieadhiweshe datred rasiiteady

flawed as described above, wll require nodification and re-engineering to

achi eve t he Tnghe faicatien of copper Lewr ks dugli deamraseamectrugisise as Msasqippper ultra-

d | | Lt ra- I, d -
St et angeR ytGREond ey, BechORE huboklel mpRiEn iR o ALY S ory

tier Wid wilGhalGe: thb eemémmlcoﬁfer o0aBafdenVaidate deondare wilh éncheleahe rdma@ral
will include the renoval of the barrier. In one enbodi nent, additional

st r uct wféhé hamriecali one pmbedimsat additionpd sypetyeeiiabrgationgecysasiase dewrined Byt t he

| of th ier, but | | i d w | .
Fi gur o whbetTaTEbEarmoyRl feder i M A 85k EEotiet BB tefir bR o ca
in a porouspLeWo Alisgh®s tar ddppeNBOWRT @fal Harhabd®n8 GEAEEANCE0 Binp faliecated in a

embodi ment of "the present invention. As used herein, the term"LowK
di el ectpdrads Lewls ditlentiics énssiddtory 10rin diceprdangei withsengembpodisnankof hanpigeent

designated as bath "Lo dielectric: a "ultras LowK dielecthic.  Th .

K- val u_égv%lﬁ’PeyiAr?g u%?bs#éﬁﬁ’t ith?‘l ter 0H8W%$ dteg%%l% r'u Iuts?cgpﬁgﬂf? i_’l%lgo{/\edll‘ﬁecetllélct he
speci fi G IRE&N thdl San T He 2S00 Al R PLOGRSEBRctic” lahd ed1tf0l 30K BMEctFibE The
K-val ues are beyond the scope of the present invention. Therefore, the
gener al Kivahes athibvink deighation ras oné of Lewl aindtrahowkd ap avellrad éhesspseidictmaterials
include a range of dielectrics fromthpse designated as ,LowK thrqugh those
desi gnaAnSchsaeciaipy peRecisailiaRt 1o Fpkve e B-Vlies G evolkT the seps, of B pieiqit 1 g
I's depagi L &ehnOViilerdoROBRUSENEAMErmAbral P didedtfis W @e@land QRoull B8 itti&stob4o
such as trenches and Vvias, are then forned in the porous LowK dielectric

i nsul atigelud®a raggecbftdiclactsicdfromi those kR8ighated ap bewkediraughahodei designathe as slraur es
104, and fornms a |ayer over capping film 110. Copper fill is then

deposi teKn the features 104 over barrier 108 formi ng copper overburden
106. As will | e e 98 ithn, DB QW deBositel! Ve8I Borols FHK €S
3A and 3B, cégg}lﬁsgﬁ%ﬁ %?%i%lﬂe%Agéngﬁ%@rﬁ%g% ment , sereg(éss1 eto per ot g(():t ?)orous
LowK di ¢ikkeetiiciigsulatetil @2. oFeat@i@s 404, isnch a¢ trerches and eias,i aratlienrfornagudingbe perouss

tch f i 1 [. i i 1 i
2gpge(r: @stt KO pc@@gégg qunﬁrgllz&éb}ng gthli %ﬁﬁa@r@&@g? ﬂglgt%%ga Qv%?c { lirlljeaslrt eI: Feraturg38104|, n

and forms a layer over capping film 110. Copper fill is then deposited in the features 104 over

barrier 108 forming copper overburden 106. As will be described in greater detail below in
reference to Figures 3A and 3B, capping film 110, in one embodiment, serves to protect porous
LowK dielectric insulator 102 during structure fabrication, and serves as an etch stop for barrier
108 removal. In one embodiment, barrier 108, in copper dual damascene fabrication, is typically
fabricated from one of Tantalum and Tantalum Nitride.

The copper LowK dual damascene structure 100 illustrated in Figure 2A is next
processed to remove copper overburden 106. Additionally, the surface of the copper LowK dual
damascene structure 100 needs to be planarized for optimum subsequent structure fabrication
processes. CMP remains the process of choice for copper overburden 106 removal and surface
planarization. Unlike CMP in prior art copper dual damascene applications, one embodiment of
the present invention implements an ultra-gentle CMP process for copper overburden 106

removal.



fabricated fromone of Tantal um and Tantalum Nitride. The copper LowK dual
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supplied by the processing surface. In
configured in a roller-type CMP processing system.

In addition to a hard-skin processing surface over a flexible pad, belt, roller, or other
processing core or tool, ultra-gentle CMP is implemented with little or no abrasive added to
slurry. In one embodiment, any required abrasiveness is supplied by the processing surface. In
another embodiment, soft abrasives are included in the processing slurry. In one embodiment,
soft abrasives are added to slurries for processing of structures with sufficient capping film 110
to protect the porous LowK dielectric insulator 102 from any additional pressure resulting from
the addition of soft abrasives, and from any increase in shear stress resulting from the addition of
soft abrasives.

In one embodiment, the copper removal using ultra-gentle CMP is facilitated by use of
inhibitor-assisted direct charge transfer chemistry. In one embodiment, the direct charge transfer
chemistry used is Cu® + Fe>* — Cu®* + Fe** to remove and planarize the copper overburden 106.
In one embodiment, organic large molecule inhibitors are utilized to enhance planarization. An

inhibitor is also used to prevent surface oxide film formation.



anot her enbodi ment, soft abrasives are included in the processing slurry.
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i n ref eleemiben idsalfirgeasesh@ge. and 3B, is chosen to have a high selectivity to
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as plasma etch. Capping film 110, discussed in greater detail below in reference to Figures 3A
and 3B, is chosen to have a high selectivity to etch. Barrier 108 is then effectively removed by
etch, with capping film 110 serving as an etch stop in addition to protecting the porous dielectric

insulator 102. It should be appreciated that, in one embodiment, the 200A -300A thick barrier is

rapidly and easily removed by etch with little by-product, and copper does not form volatile
fluorides, thereby preventing copper etching or corrosion during barrier 108 etch.

Figure 2C illustrates the copper LowK dual damascene structure 100 of Figures 2A and
2B at the completion of barrier 108 etch in accordance with one embodiment of the invention.
Copper LowK dual damascene structure 100 includes a porous LowK dielectric insulator 102 in
which features 104 are formed. Features 104 are lined with barrier liner 108', and copper filled
106'. Capping film 110 covers the surface of porous LowK dielectric insulator 102.

In one embodiment of the invention, additional copper LowK dual damascene structure
100 fabrication is performed. Capping film 110, which serves to protect porous LowK dielectric

insulator 102 and provide an effective etch stop for barrier 108 etch, can also increase the



etch, with capping film 110 serving as an etch stop in addition to
protecting the porous dielectric insulator 102. It should be appreciated
that, in woasesiesli nent, the 200A -300A thick barrier is Pcafisdt/yi2and
easily renmoved by etch with little by-product, and copper does not form
volatile fluorides, thereby preventing copper etching or corrosion during
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enough to provide the necessar rotection T
J for th% underlying porous LowK di%legtric insulator, and when the underlying dielectric is highly

porous, capping film 110 will need to have greater thickness than for porous LowK dielectrics.

In one embodiment, the thickness of capping film 110 ranges from about 5A to about 5004, and

in one embodiment the thickness of capping film is about 50A. The thicker the capping film

110, however, the higher the effective K of the stack. In one embodiment of the pfesent
invention, a second etch process is performed to thin capping film 110. By thinning the capping
film 110, the effective K-value of the stack can be lowered.

In one embodiment of the invention, a second etch is performed after the barrier etch.
The second etch is performed to thin capping film 110, and is therefore performed in one
embodiment as a timed etch process. In another embodiment, precision metrology is
incorporated in-situ an etch chamber, and the capping film 110 etch is precisely monitored to
remove a pre-determined thickness of capping film 110.

In one embodiment of the invention, capping film 110 is a single layer film having a

thickness from about 5A to about 500A. In one embodiment, capping film is a composite stack



for the underlying porous LowK dielectric insulator, and when the
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layer 18D pRScBssDiid §RBnd etch process, to effectively remove or thin the upper layer 110a, but
leave the lower layer 110b intact.

Figure 2D shows the copper LowK dual damascene structure 100 of Figures 2A through
2C at the completion of thinning etch of capping film 110 (see Figures 2A-2C) in accordance
with one embodiment of the invention. The resulting copper LowK dual damascene structure
100 includes a porous LowK dielectric insulator 102 in which features 104 are formed. Features
104 are lined with barrier liner 108', and are copper filled 106'. A thinned capping film 110’
covers the surface of porous LowK dielectric insulator 102. The thinned capping film 110' is, in
one embodiment, a single layer capping film that has been processed by a second etch operation
to reduce the thickness of the initially formed capping film 110 (see Figures 2A-2C), and in
another embodiment is a multi-layer capping film having at least two contiguous but definable
layers formed in the initial capping film 110 (see Figures 3A-3B) and in which an uppermost
layer 110a (see Figure 3B) has been removed by etch, or in which uppermost layer 110a has

been thinned.



Oxide, Silicon Nitride, Silicon D oxide, Silicon Oxy-Nitride, Silicon
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second etch process, to effectively rﬁfnve or thin the upper layer 110a,
but |eave the |lower layer 110b intact. Figure 2D shows the copper LowK
dual damascene structure 100 of Figures 2A through 2C at the conpl etion of

t hi nni ng et ch. of i.ng fil i - i it h
one enbodi ment "GP Pe?ﬁeglhflg \?e‘lrﬁpmél klﬁl’fﬁ g&? Ielga ht?;t‘&% ﬁ‘g a(g:égéﬁperce Iﬁ&@gﬁgg@ﬁﬁgﬁa%%%e
Struct Up@sent ¥enfibh, eALBAKOUSal Ldéscbne seattited danshe Bibsitatdd2o imminvhincthe

features 104 are formed. Features 104 are lined with barrier liner 108,
and ar elosuspippessibig eiertivedK fomthenstinstie. c Aspiaseritad ahoye dn refernes &0 Figgresiddace

of poroys L di e tric i | ator 102. .t Rl nne i i kS,
in onetlfléﬂ@g%e?ﬂ% §§ {ahir%ﬁhgﬁl ’a@‘ rprg(éeg?)iog-gmﬁ}c%{rﬁlg Ha péglgﬂ ggnﬁl!bArI E)Hgén;ag%g Eby
a secongnRhib iPRRbalinRhts bOtheqaekeat inventidy wknassbeth CM® dndi dittaplogedsey, mmd

capping film 110 (see Figures 2A-2C), and in__another enbodi nent is a
nul ti - | additionahpish riinhingn FiguieadtAaand 4B gre prayidedrie ioytlingsthe meetlpd oppagiaans of

| ayers rred i.n the initi.al capping film 110 (see Figures 3A-3B) and in
Wniych aﬁ?’ﬂﬁ%@nﬁﬂgfcorﬁiwlgﬁl% e"?@"k@‘%ﬁt@éﬁ%%‘i&%s blegﬁ r enoved %)y etclh, or
i n which upppirg{{ﬁs Al &y elowl TRt NB8eraRe 2D tlmldﬁﬂﬁ]giﬂ% M0 J3RéMADBIBFiew of method

i

PCT/ US02/ 4125 13 By inplenenting a capping m and net hods in accordance
wi t h erbpetatives tpsrfofmedhin fapriesting copper domikodual slomascene simrcteigain eheredapenwith
structures can_be fapricated to intajn the owest . possi bl e f.ecti.ve K
for the®%t ?IB@?Q}P‘&W ﬁgthd’e%rﬁqnbétﬂ’ egg?ﬂ/efﬂ“ﬁ n?egtf%ir {%?g&lés ‘fvbtﬁ ﬁpa{f?lgg 2@ m tvml(é}hah
2D, and;dMafohhavgh a%%;pg&hﬁlaﬂ) ueGeSEnbtrdcalE el fAsidAtORRRIn 1sQ8ksieidal In one
damascene structlre enbodi ments of the présent invention includes both
CVP andembadimeni) tdesimeslatoamebeivaedds theotimbtues Blustrated in Rigurer2 4u e insulatogvchidB
are provided t utline the th operations of, bricati.on. in accordance
W th” an oARoer Refimest i haormpdmoe s g oot s PgiER e i g iRross
L1 ustrahdngidh Q%aﬁ‘?eﬁ?\rlﬁlc%@)‘ﬁl?é glﬁ‘ﬂaé:’f)eéﬂ%ﬂﬁéh oRRGhAnsMRfor REFARY BRHthe barrier
fabricating copper Lo a amascene structures in accordance with one
enmbodi meger iobvirdthe pappéenfil ou éint suoface dhthe istibatat. eappersfilvhahbaspaiepedited 02
in which a insulator havipg a copper %uaj damascene structure being

f abri cathedeatpies aRdiconper eYaPWdEn coYEoiie Paithodi nent, the insul ator recei ved
is the struc j I ' - iPwi i is b&fRRd
embod mont 1 515 DR ESABEE ilh GRepIcR 24 infuhiCht ENE BBRED: 1 bHTHRR 0

f eat ur efenidvatthé@c@pet bveturdeh bndiphaarideahe sifarapin nge émbodinest, beths chmphation

over the insulator surface, and the harrier _.
of operation 204, the insulator appears as illustrated in Figure 2B. The copper overburden has

been removed by CMP and the planarized surface includes the barrier and the copper filling the
features.

The method next performs operation 206 in which an etch process is performed to
remove the barrier. The capping film, which in one embodiment is highly selective to etch,
remains on the surface of the insulator as illustrated in Figure 2C along with the edge of the
barrier remaining on the walls of the features and the copper fill in the features.

The method concludes with operation 208 in which a second etch is performed to thin
the dielectric capping film. In one embodiment, the capping film is processed by a brief, timed
etch in order to thin the capping film and lower the effective K-value of the composite porous
dielectric/capping film stack. After the thinning is completed, the method is done. In one
embodiment, the fabricated structure appears as illustrated in Figure 2D.

Figure 4B shows flow chart diagram 250 illustrating the method operations performed in

the fabrication of a copper LowK dual damascene structures in accordance with one



| ayer is over the capping filmon the surface of the insulator. Copper fil
has been deposited into the features and copper overburden covers the
barrier. wWbasfsi7hdvd conti nues with operation 204 in whi chPaT@sR2/eR66 ati on
is performed to renove the copper o%grburden and planarize the surface. In
one enbodi nent, at the conpletion of operation 204, the insul ator appears
as illustrated in Figure 2B. The copper overburden has been renoved by CWP
and the_pl anariz urface . udes rd e fhd 1ol t he
Feat ur cubo it 0B HeBH® s Elslfe ABL e bR dEARRy he sbRal |

IS periQefRay pRserdt@IBRVE ddeetpharrier. The capping film which in one
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is processed by a brief, timed etch in order to thin the capping film and
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performed 1n “the fabrication of a copper LowK dual damascene structures in

accor daaoerfbtratime WORINIsEONt POT/capping 4imse depasiedins Gilipevise Jprngdeto a
present invention. Figure 4B represents noye detail than.the general

over vi dhiclspess @f‘lﬁgdSQQ’lg’Fﬂ“&dF enggmbadiments thedhickngss A5 CARPITS %]:’}é’rsfg%#@w in
whi ch a porous LowK dielectric suitable for  sem condu toi%é} rication is
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patterned for the formation of features. In accordance w th known
fabrication as well as via-first fabrication.

The method next completes operation 260 in which a barrier is deposited or otherwise
formed over the surfaces of the features and covering the capping film on the surface of the
porous LowK dielectric structure. Surfaces of the features include the walls and floors of the
features within the porous LowK dielectric insulator. In one embodiment, the barrier is a
Tantalum barrier. In another embodiment, the barrier is a Tantalum Nitride barrier. In
additional embodiments, the barrier is any material providing sufficient liner properties between
the copper, or other conductive material, and the porous LowK dielectric structure, and
sufficient polish stop properties to delineate the end of the CMP of the copper overburden.

Next, the method performs operation 262 in which the copper is deposited into the
features, filling the features and resulting in copper overburden over the barrier and capping film
over the surface of the insulator. In one embodiment, copper is used as the conductive material
in the LowK dual damascene structure. In other embodiments, conductive materials such as
Tungsten, Aluminum, and the like are used. In one embodiment, the structure at the completion

of operation 262 appears as the structure illustrated in Figure 2A.



phot ol i t hography techni ques, feature patterns are patterned into the
capping film which covers the porous LowK dielectric structure. The

met hod t wo opiosgreds with operation 258 in which the feararasozaseset ched
t hrough the capping filmand into thq‘porous LowK di el ectric insul ator.
Such features include trenches and vi‘as, and feature fabrication processes
include trench-first fabrication as well as via-first fabrication. The
met hod next .conpl et es oper at.i,0 i i i ' [
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cappi ngyfri-beatRN AR, 9Hd f 6 esudfacé NanapRed usith oK ishireiére ekposed s andiaherrsarface
Surfaces of the features include the walls and floors of the features
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conductive material, "and the porous LowK dielectric structure, and .

suf fi ciemetenpokdinntsaogbrawi vpless slewy.t b ehsl amhogimentheonpapisgemeyrd andrpleparized

copper overburden. Nex .he. net hod rforns, operati j [
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the insulator. In one enbodi nent, copper is used as the conductive nmateri al

i n the dsdlibstchtedindFagras2Bne structure. I n other enbodi nents, conductive

material s sugh as & Tungsten, um n d the [li,ke ar.e us

enbodi ment, HemEthogdGoRHBUCS Wﬁ’\é’p%ﬁg’}l Lﬁgdﬂ whigh (t)]beenglerohs ‘%g?"é‘?);')’gg"‘?‘se‘%
the st f%:s&égg.e | ISR el Gppg2fiim VOB SILQRRET RN ARS Shirrick Ss The
met hod ‘proceeds wth operation 2 in which the copper overburden is

r enov edapgpyoxitblelya20®At-BE0AMY thiakekss.h Etehing ac ehepdfareas irzpad prodebs with ligdle tiyer
exposed, and the surface essentially including the copper fill in the

f eat ur gsroaidd. teokaefb8dimesk,! dtathe esdirptetioPofl Speratioro266, theburicteatappess as
descri bed above and includes a hard skin processing surface over a flexible
and coihipbtraed indfipere26l- ng t ool or core, applied to the surface of the
structure bejpng fabricated with, in. ' Y e-

Surry. 1 n on mefgichRnBe kb opbiof 288 STHALHE Neond Bl BBy & fdftimed

i nhi bi t@rmasek ThpeingiMNAC! InChr Gbddimes] fle cPpiesilhyis 4 mudtidayentitm ihaeing, at
once the copper overburden has been renoved and the surface planarized in
oper at i least 264 Jayetse Intspelcanuembedipent; the uppermost daveniscgsquiially grmeyed By g

met hod conti nues. with .operation 266 in i . Ler ks.r n
etch . p?‘@c%g §ﬁg?thveolgé)fgﬁ%ﬁeg?%% ,Comgsltg\é%%‘?lgg&“g?(ft?n@’?éﬂq]lﬁ%thﬁ SgagF \ésgg)l“\%ec?o
etch, apOinbfier BAbHdiRIent, She capping film is a single layer film, and the thinning etch process is a

timed etch to remove a portion of the capping film and thereby lower the effective K of the

composite LowK dielectric/capping film stack. Once the capping film has been thinned in
operation 268, the method is done. In one embodiment of the invention, the resulting copper
LowK dual damascene structure is as illustrated in Figure 2D.

Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments are to
be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended
claims.

What is claimed is:



approxi mately 200A -300A in thickness. Etching is therefore a rapid process
with little by- product. In one enbodinent, at the conpletion of operation
266, the wWOrogosa1pe appears as illustrated in Figure 2C. TPha/usey/inngs
concludes with operation 268 in which second etch process is perforned
to thin the capping film In one enbodinment, the capping filmis a
multi-layer filmhaving at |east two layers. In such an enbodi nent, the
uppernost layer is essentially renoved by etching, and the effective K of
the remai ni ng conposite LowK dielectric/capping filmstack is |owered: In
anot her enbodi ment, the capping fil m@gapusi ngle layer film and the
thinning etch process is a tined etCh to renove a portion of the capping
filmand theneby lAowethotfier fabfieting ¥emi€ondudtidrestrucinngsasi dneinfidatr, comprising:
dielectric/capping filmstack., Once the capping filmhas been thinned in
oper ation 268minga kepodiclestrigamterial overfle gBlHhent of the invention, the
resulting copper. .du . . is1as illustrated in Figure
2D. Al t hough (F%ng %?%&%@iwgﬁﬁfgﬁ‘gﬁﬁ&ggég éésrgdrll bed in sone detail for
purposes of feidhg tyatoles UndRE Ttowkidigectiit mdtdialp eheafeparenhatihatinwersuafaces
changes and nodi fications may be practiced within the scope of the )
appendedefinesh bis the dayds diidleftsic HtaFFéﬂaB the Epfurenpefining Fredons far feseivig custier ed
as illustrative and not restrictive, and the invention is not to be limted
to the MY s gi ven herein, but may be nodified within the scope and

equi val ent's @frntihe a BRRRAUSEr o @l Gappith almi M d@ver tie duifaces OHR I ABiBT03
PCT/ US02/ 41256 16 CLAIMS 1. A nethod for fabricating sem conduct or

str @t ures ofillimg ithes G¢atures widho s candugtive magieaizlg the CUME deayvingc an | Ve al

over the insulator; formng a capping filmover the LowK dielectric
mat er | alafnoflﬂtr‘?ﬁﬁhﬁc‘?@f'ﬁ ee@aﬁeﬁaﬁhe Lowk di el ectric material, the features

havi ng inner ,sH6fR6aeSa ERhiif®dnyhanital Litiaridh@de CMP) whetiomlto temsove the
features defining regions for receiving conductive material; form n? a
barri er overpardenvemotie ofapsi regnducting amdtesiphbr then € MBr pREFaEOHfconfiguiedafqurlss;

10 fillipng the features with the conductive . .materi.al, the filling |eaving

an over B%tﬂmegr‘rlB%fe.aBIFm{gﬁBleé%r%ﬁ@? ﬂkfgb%?fé?ﬁ(e&l afndperforn‘i ng a cheni cal

mechani cal plapsrhingtd afy tlelRb RRARFBIthObakRreyRY thel B etch being configured to
expose at least part of the capping film.

2. The method for fabricating semiconductor structures on an insulator as recited in
claim 1, wherein the conductive material is copper.
20
3. The method for fabricating semiconductor structures on an insulator as recited in

claim 1, wherein the barrier layer is one of Tantalum and Tantalum Nitride.

4. The method for fabricating semiconductor structures on an insulator as recited in
25  claim 1, wherein the CMP operation is an ultra-gentle CMP operation in which an abrasive-less
slurry is utilized, and further in which an inhibitor assisted direct charge transfer chemistry is

utilized.

5. The method for fabricating semiconductor structures on an insulator as recited in
30 claim 1, wherein the LowK dielectric material is one of a porous LowK dielectric material and a

highly porous LowK dielectric material.



over burden anount of the conductive material, the CMP operation configured
to be discontinued upon reaching at |east part of the barrier layer; and
15 perforwDng/oss703y etch to renove the barrier |ayer, thePdmysSet/en?sbei ng
configured to expose at |east part oi7the capping film 2. The nethod for
fabricating sem conductor structures on an insulator as recited in claim
1, wherein the conductive material is copper. 20 3. The nethod for
fabricating semc m
1, wherein ,tﬁe ba?irq‘iger I?éi féﬁ#gltc%ﬁ@s ?ﬂ antu qaum an‘%gsrgﬁtag?ﬁé#}%‘?rt?irS?gCﬁd%
The et Bl@dnﬁ%hér@iﬁrtheﬁéatutss mehide asashcfeaurestand wiafeatsresn an i nsul at or as
recited in 25 claiml, wherein the CW operation is an ultra-gentle CW
operation in which an abrasive-less slurry is utilized, and further in

which an i nh'zb i torrPg .tﬁc;[d[e r?Abn%gﬁnc%&%g@dh&%i]§&§Jtur%98ﬂ1aﬁﬁﬁs)ﬁldt§r as4blitddzgd-

5. The nmet hod for rica or structures on an I nsul ator as

reci4 edclafin 13GurfleRcOmprising fpéﬂbﬂi‘mh@% secomd diyekdthbrthm thecepping film, tha¢hiohing
porous LowK dielectric material and a highly porous LowK dielectrjc

mat er i atonfigoraBRpasgrae thetidwosy of thseapping feslm WHBO%@IHBHHE &he qapping fupy ng

sem conductor structures on an insulator as recited in claim1l, wherein
the features include trench features and via features. 7. The rret hod for
fabricating gem copeusdiiid ok FAbCHi RS sediic@iluctds wiradtaes 8 andadulator asrecifedcinai m
1, further conprising performng a second dry etch to thin the capping
film t bt whemein the oagpingifiba heoa thédmemdetwéea abhiticid end alytut 66RA cappi ng
filmw thout renmoving the capping film 8. The nethod for fabricating
semi@onduct or structures on an insulator as recited in claim?7, wherein

t he capping filmhas a thickness between about 5A and ahout 500A. 10 9.
met hod f or fﬁbrl cé‘tmﬁﬁmgéﬂ’i fabreRtine SPmicORdRALQF SERCHFEs o 4n 08 t]%ff”blpompnsmg

conpri sing: Q%ﬁ’I‘L@W& ShidilGet e Gishpkorover the insulator; formng

acapplngfl ectrlc material, the capplngfllmbelng
defined by aénﬂlﬂ@st:aﬁpmg filn bigutheEbywKT dielsetdc metterial ghe tappengsfilm beifig defimreg
features in the LowK dielectric materl al, the features having inner

sur f acedy aﬂl@ﬂﬂrﬁ@@l Cwlg‘w@Slchfo‘d’lféﬁté’é%r?Y?rﬁmt erial, the features defining

regllg ns for 1%1111 anguI%s Gq r'tﬂé“idvﬁ@ dielectric material, the features having inner surfaces

defined by the LowK dielectric material, the features defining regions for receiving a conductive

material;
forming a barrier layer over the capping film and over the surfaces of the features;
filling the features with the conductive material, the filling leaving an overburden
20  amount of the conductive material;
performing a chemical mechanical planarization (CMP) operation to remove the
overburden amount of the conductive material, the CMP operation configured to be
discontinued upon reaching at least part of the barrier layer;
performing a first dry etch to remove the barrier layer, the first dry etch being configured
25  to expose at least part of the capping film; and
performing a second dry etch to remove at least one of the contiguously formed material

layers of the capping film.

10.  The method for fabricating semiconductor structures on an insulator as recited in
30 claim 9, wherein the LowK dielectric material is one of porous LowK dielectric material and

highly porous LowK dielectric material.



material; formng a barrier |ayer over the capping filmand over the
surfaces of the features; filling the features with the conductive

mat er i al ,woha/0847b3 i ng | eavi ng an overburden 20 anount of PCR@Sommdsct i ve
material; performng a chem cal nechapy cal planarization (CVMP) operation to
renove the overburden anmount of the conductive material, the CVP operation
configured to be discontinued upon reaching at |east part of the barrier

| ayer; perfopmn fi ta r j : Jqrist
dry et ch bei My cohfs gefiDd 6kofkahe SuictBitol AfcRR bfhn BRI wiElGHR

and per fl@iN@hereRLERNGpPinY fahCheih® defmsaVisy af leheaso condgedushyhformed magercs| y
formed material |ayers of the capping film _ 10. The nethod for fabricating

seni conkyet bas sthicknesy eswem about 54 ahdakout 4860Aecited in 30 claim 9, wherein
the LowK dielectric material is one of porous LowK dielectric material and
hi ghly porous LowK dielectric material. W 03/058703 PCT/US02/41256 18 11.

The method for fabricati sem conductor structures on an.insul ator .as,.
recited in &4aimbe W&Pﬁﬁi}’ﬁ@atg’éﬁﬁf%ﬁmﬁwtﬂf HEtgeyer iaﬂé%?uﬁ#oraacs rfxége?tmt WO
cont i gugu. ind! fi 1eGHNRDSCRBLUSRYY fRAEH nvherdd
about 5@8@%%%5@%@#@?@%&11 orﬁéﬁ? ???@?tﬁ]gpé’em conduc?or s[,ytructur es on an
i nsul at Pyerahad edicledsd of abohedmA, wherein the capping filmbeing defined by

at least two contiguously formed material |ayers has a thickness of about
50 A. 13. The nethod for fabricating sem conductor structures on an

insul ator as;4eci ﬁ‘ﬁ% éﬂgﬂ}og%[% g%ﬁ'cgﬁr% seMi&dflbtol Biuct@Re B lah YR ulRbeds rBéitddSin

copper. 14. e ne ricating sem conductor structures on an

i NSy} at elkin®9, Whatinete tonductivd maRrialibeomien. t he CMP operation is an
ultra-gentle CVP operation in which an abrasive-less slurry is utilized,
and further in which an inhibitor assisted direct charge transfer chem stry

is 15 utiliged. ) icGHAUMEE WGt bR Gn andueitt 44l BLigGiihi C
mat eri al , thgﬁLowiﬁe ﬁegoﬁcﬁ?%%ﬁa%%egpcﬁgv%g%at ures ge?%uned therein for
f or m ngclapNYUEheét the TMRIPeLEOA ICHH Wera-gehds CMRloperetiehaswhiah iopbsasivedess of
the LowK dielectric material having a capping film and a 20 harrier film
lining slhayfisatilizess and durtearriagvigcie pn dnfabicerassisigd rdiresy chasge Fansiefodiemisfyy 1s
mat ?gl al ...

utilized.

15. In a semiconductor structure having a LowK dielectric material, the LowK
dielectric material having features defined therein for forming conductive vias and conductive
vias and trenches, a top surface of the LowK dielectric material having a capping film, and a
20  barrier film lining the features and formed over the capping film, and a conductive material

filling the features and leaving a portion of overburden conductive material over the barrier film,
a method for removing the portion of overburden conductive material, the barrier film and the
capping film, comprising:
(a) performing a chemical mechanical planarization (CMP) operation to remove the
25  portion of overburden conductive material;
(b) discontinuing the CMP operation when the portion of overburden conductive
material is determined to be substantially removed,;
(©) moving the semiconductor structure to a plasma etching station;
(d performing an initial plasma etch to remove the barrier film;
30 (e) performing a follow-up plasma etch to remove at least part of the capping film;
and

® determining if a next LowK dielectric layer is required; and



filling the features and | eaving a portion of overburden conductive
material over the barrier film a nmethod for renoving the portion of

over bur dewowasshies i ve material, the barrier filmand the Pcapsongi2fé | m
conprising: (a) performng a chem cal drechani cal planarization (CW)
operation to renove the 25 portion of overburden conductive material; (b)
di sconti nuing the CMP operation when the portion of overburden conductive
material is .deterni . i y renoved; (c) noving the

sem conduct olrg%set#eg(tng‘gle(t(ﬁgggtn%ﬁ@g{r‘rgsr}gﬂlgﬁdhg station; (d) perform ng an
initial plasma etfhming the AoMd.dwie dekcticaydriahdref@atifela) peHf or m ng a

foll owup plasna etch to renove at | east part of the capping film and (f)
determining if a next LowK dielectric layer is required; and WO 03/ 058703

PCT/ US02/ 412 if fhe next. iel ' Y& rpi iy oy ipg
the next Lowch of teefrb i bir WY S ooy Fhic, AP el 14 BF w o
accagy di ORIP GpeéthtdnMnl whichhal ehrasivdeesCVRrgPinatlized sl ffthet i whiphndd ihithtoEVP
operation in which an abrasive-less slurry is utilized, and further in

whi ch aassistedidiieetoharggdeangfes ehemnipiey: is wiigede transfer chemistry is utilized.
17. The method according to claim15, wherein the capping film being
defined by at Ileast two contiguously forned material |ayers has a

thi ckness befmeenTrbRthodAcaddingeWaimlB, $HAin i caisgﬁgrfﬁhhmngaaefmdimtt 0
claim 15, wherein the capping filmhas a thickness et ween about 5A and

about 5RAW. twhScdfigudinty fetddmatecal tiyag has  thtkness betnreen eibout A awb pbovy
filmis defined by a single |ayer of material. 20. The nethod according to
cl ajgm 1yoAvherein the capping filmis defined by a plurality of |ayers
having at |east two contiguously fornmed material |ayers.

18.  The method according to claim 15, wherein the capping film has a thickness

between about 5A and about 500A.

15 19.  The method according to claim 18, wherein the capping film is defined by a

single layer of material.

20. The method according to claim 18, wherein the capping film is defined by a

plurality of layers having at least two contiguously formed material layers.



