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FIELD OF THE INVENTION

[0001] The present invention relates generally to semiconductor substrate processing, and more
particularly, to an improved technique for removing post etch polymer residues from substrate

15 - surfaces by careful process optimization of dry and wet processes.

DESCRIPTION OF THE RELATED AkT
[0002] As the technological advancement proceeds into the deep sub-micron regime, the number
of devices in an integrated circuit (IC) chip reaches into the tens of millions. This progression in
20  miniaturization of semiconductor devices has brought with it a succession of technological
complexities. For one, the electrical resistance and parasitic capacitance associated with metal
interconnects has started to significantly contribute to the circuit speed of the IC. To improve
the performance of the ICs, the semiconductor industry has transitioned from aiuminum metal to
copper metal for interconnects and to the use of low-k dielectric material instead of the silicon
25 dioxide between the metal interconnect lines. Copper reduces the electrical resistance as it is a
better conductor and is more electromigration resistant than aluminum. Usage of copper metal
for interconnects also enables smaller and thinner conductive lines so that more devices can be
packed on individual chips. The low-k dielectric material reduces the parasitic capacitance
between the metal lines thereby increasing the performance of the IC chips.
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packed on individual chips. The lowk dielectric material reduces the
parasitic capacitance between the netal |ines thereby increasing the
performance of the IC chips. 30 [0003] Copper interconnects are fabricated
usi ng a process known as dual damascene. The dual damascene fabrication
process is the nost popular and widely inplenmented dielectric etch approach
today. Damascene refers to the process by which a netal conductor pattern

i s enbedded within a non-conducting (dielectric) material, then netal is

deposi t efhly) Eblrler ffeiltnhbd0ard e SAEH SR Brobbed Fhbin SXGP GariB e, The BRATOV e

by neans' 0 C chanical p shi'hg. In dual damascene the process
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verti cal “connéctions mone Tayer - renc to the next.
The damascene. etch process for .vi,as apn [ h ' ] s of
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process can_be inpl enmented usj.ng different schenes,, such a t.oresi st
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etch stop lLayer is deposited to_ allow for %g*f-aligﬁnen of . 5§nderlying
cont act sdd! dampssenc; the Brogess serventiafiyicreatetgmaedded viag 2 Eenches, MBS Vibhit egrity
of the feature. A PR mask is then used to etch the dielectric filmlayer,
after whicsmingthe padtical germeghinns fiom @edpyes phgiruiydfrenshes)tn tie next T8ped. The
strippingachenicals used in stripping the PR | ayer. _and

mascene etch process for vias and trenches require mixtures of fluorocarbon,

hydrofluorocarbon, oxygen and nitrogen gases. These etching mixtures can leave polymer
10  residues on the dielectric sidewall and bottom of the etched structures. The etching operation
using dual damascene process can be implemented using different schemes, such as photoresist

{PR) mask scheme or a hard mask scheme.

[0004] In the PR mask scheme, an etch stop layer is deposited to allow for self-alignment of

15  underlying contacts with the interconnects while maintaining the structural integrity of the
feature. A PR mask is then used to etch the dielectric film layer, after which the PR layer and
the etch stop layer are then stripped. The stripping chemicals used in stripping the PR layer and
the etch stop layer can potentially damage the low-k dielectric film layer. Additionally, the
polymer residues from the etch chemicals used in the PR mask scheme deposit along the walls of

20  the narrow trenches and vias making it difficult to remove the residues.

[0005] In the hard mask scheme, a dielectric or metal hard mask is used instead of PR mask.
Etching is performed with the hard mask. Since hard mask is used in this scheme, the operation

of stripping the PR mask is avoided thereby minimizing the damage caused by the PR stripping



the etch stop layer can potentially damage the lowk dielectric filmlayer.
Additionally, the polynmer residues fromthe etch chemcals used in the PR
mask schene deposit along the walls of 20 the narrow trenches and vi as
making it difficult to renove the residues. [0005] In the hard mask schene,
a dielectric or metal hard mask is used instead of PR mask. Etching is
performed with the hard mask. Since hard mask is used in this schene, the
operation of stripping the PR mask is avoided thereby m nim zing the danage

caused byrdcb®. PRwelér ABhMY mddk A6 %o b CUEIMBY renidved pdsdo MasikiRaAE darhgebe
carefully renoved so as to mnimze the damage to the underlying dielectric

filmlayestheRfddiRi 184Gy [a98r dn@td Bid shrd@in@s Prmb@BRRIn. Conventi onal 1y,

post-etch residués have been renoved by wet chem cal processes using 5 wet
cl eaning chem cals. These wet chem cals are adept at renoving residues
havi ng netal | i c conponents, such as copper oxides of different oxidation

aving : ucl er oxi des of ation
I enhes TOAGE Chmi ey, R0UE b9 Bl AR LT oo R GeQe Ml ™"

thes €l e%eﬂ&@iﬁliﬁ@é&h@ H:Iallsgi %@s@i cﬁgﬁicﬁg %}Qﬂ% iaF }eﬁﬁtvfnié?estﬁ eF ﬁé\”ﬁgééletaﬁﬂr t her,
the wet chemcal¥ alone are not very effective 1n suobstantial renovi ng
these organic residues. 10 [0007} .l.n vjew of t foregoin there.i.s a need
For o noranegEERioC S eophe il of aBintt §iBlen Ml RoRERBoondEhinn
wi t hout damagi ng, the etched structures and the .surraoundi ng dielectric
mat er | al &rESTHERAIER RS Betiow Batanddfer ess hleniBion elalEgeece Raswiisiedt
bei ng used so ag to reduce the cost of cleaning while provyiding, a nore
o f oot vE BTEYA AL e d hen s e e o] ASg v guln Pt hapFh o
sol ution which can clean the_surface, of 1He substrat e under bgnign
condi t i offeemicals alone are not very effective in substantially removing these organic residues.
10

[0007] In view of the foregoing, there is a need for a more effective method for removing post-

etch polymer residues without damaging the etched structures and the surrounding dielectric

materials. There is also a need to reduce the complexity of the chemistry being used so as to

reduce the cost of cleaning while providing a more effective cleaning. There is also a need to

15  provide an alternative solution which can clean the surface of the substrate under benign

conditions,

SUMMARY
[0008] The present invention fills the need by providing an improved method and apparatus for
20 removing post-etch polymer residue from the surface of the substrate. It should be appreciated
that the present invention can be imp]eménted in numerous ways, including as an apparatus and

a method. Several inventive embodiments of the present invention are described below.

[0009] In one embodiment, a method for removing a post-etch polymer residue from a surface of

25  asubstrate is disclosed. The method comprises identifying a dry flash chemistry for removing



SUMMVARY [ 0008] The present invention fills the need by providing an

i nproved net hod and apparatus for 20 renovi ng post-etch pol ynmer residue
fromthe surface of the substrate. It should be appreciated that the
present invention can be inplenented in nunmerous ways, including as an
apparatus and a nethod. Several inventive enbodi nents of the present

i nvention are described bel ow [ 0009] In one enbodinent, a nethod for
renoving a post-etch polynmer residue froma surface of 25 a substrate is

di scl oseg, tpgél.%é ? Rtk GRRE 5285t GGk bY i Quiikudiey The asivah emdnsibiyisf or

removi ng e t-"etch polynmer residue fromthe surface of the 'substrate.
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pol ymer fes ration in a region where a
feature was f.or t h o 'éy i GiefebtriD diAY TheidksaRg gk ed
dry fl asw%crl':i%l ng’t?l (rgﬂ? %r}rg&g%m a?é‘)) ug F‘F\‘g{‘ agﬁ%{ft( glfe{egﬂgﬁ] pr o%%eé's tor ermvewat
| east a portion. of .the.ppst-etch ol r,resi i LG Z] e
damage. t DRPAOsRY aPp R pta oy A pOREE ‘R s b b E b o
applied tq the syrface of .the bstrate. Tge appli.cation,of the wet
cl eant ngPEHBEH r§’t’a‘§f’ ‘g]i"gesmWHmsZH'&Z#ca 25F F‘i/thf %@Bﬁf‘?ﬁ@y Fe ﬁ‘*a‘lmﬁtic% PBst -etch
pol ynmer residue | eft hehing by the _short fla process. éo g 10] In
anot her EHFFBINE Fhenéf’pqieaéo a’ﬁ\? 15e M ,?heef‘uéiy?feeﬁﬁf’&?ﬁfcéﬁ%f’g c XL cggatnln& ch
pol ymer residue froma surface of a substrate, is discloseg. ng sxggem
conpri seshemiginAidsinswbsnppbt Emeyngdts TRt RIS PUNTCSERLT et Prfuad by
substrate in an anbient controlled chanber. The substrate supporting device
i s conf i thesket fleshpsecessye and nove the substrate along a plane within the
anbi ent controll ed chanber (housing chanber). A flash chem stry applicator-
di sposed in the 15 anbient controlled chanber is used to introduce a dry
flash chem stry to the surface of the substrate. The dry flash chemstry is
i nt r d@luc H910inenother dnchodiment ofitherinvention, a systesm forremeving? pest-sich PRIYEKT t hat  t he
short application of dry flash chem stry enables renoval of the pol yner
resi due fesidoe &pmuarsirface afrasabsuiatsy s disciosed. LFhs systsmicompreises @rsubsiratesupparieg of
the substrate.. The flash chem stry applicator includes controls to contro
t he fl owdoficettheeceivy afid supiport Heersubdtiate inan aimbient controlled chamber. The substrate

supporting device is configured to receive and move the substrate along a plane within the

ambient controlled chamber (housing chamber). A flash chemistry applicator disposed in the

15 ambient controlled chamber is used to introduce a dry flash chemistry to the surface of the

substrate. The dry flash chemistry is introduced into the housing chamber in a short flash

process, such that the short application of dry flash chemistry enables removal of the polymer

residue from around an area where a feature was formed on the surface of the substrate, The

flash chemistry applicator includes controls to control the flow of the dry flash chemistry in the

20 ambient controlied chamber. The dry flash chemistry used includes dry cleaning chemistry to

effectively remove at least a portion of the polymer residue from the surface of the substrate. The

system further includes a wet cleaning applicator to introduce a wet cleaning chemistry, the wet

cleaning applicator having controls to control the application of the wet cleaning chemistry so as

to enable substantial removal of the polymer residue left behind by the short flash process.

25



20 anmbi ent controlled chanber. The dry flash chem stry used includes dry
cleaning chem stry to effectively renove at | east a portion of the polyner
residue fromthe surface of the substrate. The system further includes a
wet cleaning applicator to introduce a wet cleaning chem stry, the wet

cl eani ng applicator having controls to control the application of the wet
cl eaning chemistry so as to enable substantial renoval of the polyner
residue | eft behind by the short flash process. 25 PM O her aspects and
ot ot 29 OBk Hot A arihel oPEE ARER AR CuRABARE Rbrel R iford Bl O 1O

detail ed Cri aken 1 conjunction wth the acc anyl ng draw ngs,
illustrating.b f _exanp the. pr t I . DESCRI PTI ON OF
THE DF%AV&"NE%‘"[f%{ﬁ@]\!’d %?8“5)’%%1%:# ol Crgrgkl/&%g)s% thggﬁg%%fg{r}@?%@%ﬁ} ‘erence to
the foll gw ng. description taken in conjunction with the accompanying

dr awi ngsﬁluﬁtf?g'élg%ﬁlwa%oha’éa %ﬁ’ﬁ&reﬁﬁqmbvgh?%{ken tolinit the invention to the
preferred enbodi nents, but are for explanation and understanding only. 10

[0013] Figure 1 illustrates a cross-section of a polyner residue forned in
and around a feature formed in a lowk dieleciric filmlayer. [ 0014]
Figur® 2A illustrates a cr BREFDESCREFIQN 4T PBAMINGSem used in appl ying dry
flash and wet 15 chem stry, in one enbodi nent of the invention. [0015]
Figure 2B illustrates an alternate enbodi ment of a systemillustrated in
Figure 2A, in another enbodiment of the invention. 20[0016] Figure 3,
i | | ust r al0832]aTle inventipe may best bp andgsgeas byosierenge b the fpliowingsissgrntigndgken i1 ash
and wet

conjunction with the accompanying drawings. These drawings should not be taken to limit the

invention to the preferred embodiments, but are for explanation and understanding only.

10

[0013] Figure 1 illustrates a cross-section of a polymer residue formed in and around a feature

formed in a low-k dielectric film layer.

[0014] Figure 2A illustrates a cross-section view of a system used in applying dry flash and wet

15 chemistry, in one embodiment of the invention.

[0015] Figure 2B illustrates an alternate embodiment of a system illustrated in Figure 2A, in

another embodiment of the invention.

20  [0016] Figure 3 illustrates a flow chart of the operations involved in applying dry flash and wet

chemistry to effectively remove post-etch polymer residue, in one embodiment of the invention.



chem stry to effectively renove post-etch polyner residue, in one

enbodi nent of the invention. DETAILED DESCRI PTION [0017] Sever al

enbodi ments for effectively renoving post-etch polynmer residue from around
features formed in a lowk dielectric filmlayer of a substrate, will now
be described. It will be 5 obvious, however, to one skilled in the art,
that the present invention may be practiced without sone or all of these
specific details. In other instances, well known process operations have
not been described in detail ijePkH%p DR criAGNECessarily obscure the
present invention. [0018] The p - ymer resi dues of organic
conponents, left behind by an etching 10 operation such as a dual
damascene. etching process, have posed a real challenge in the

e O ARSI v e T L

al one haye not_ been very effective jn substantjally re i ng these. nol ynmer
r esi dues feafppisdieRd n Sf?‘%'ktd%ec%%élé‘hlaiy%r B SEpsLaiG Wayrboﬁ”egg%ﬁ?s ed. H@ln&‘fr face
of the substrate has to be exposed to the wet cleanin 5 chem strjes for a
pr ol ohige@PBRs; BRVEES {9 oRE ﬁﬁﬂl‘% FYEE aftofhat %E@S%fm’ﬁ'i“@é‘r{gWébecﬂ{%‘mcg‘? MRt 5 act
on the polyner residue and rel ease these residues fromthe sutfa%g of the
subst r at eemeprallnf dhesn gpreailie delads; 1o qtheranstangesywell KnQWYHPIREess RRTRUGNShae npdy
result in the damage of the dielectric filmlayers and the underlying

st r uct ur beenagigseribedindegail in 9rder nefdo pppsessaiily ebsrurathe PIeset iventiQn. of f ect i vel y
renove the polyner residue while preserving the characteristics of the
dielectric filmlayer and 20 the underlying structures, the surface of the
substrate is carefully treated with a conbination of a dry and a wet

cl eani ng{09A8)N Tl pogt-etch paPrmed regddwasfafiorganisapmpenents leftrhehind by a8 etchingt he
substrate with dry and wet cleaning chem stry enabl es effective renoval of
t he 00 gaopaatpnlsyctess o dsl dumescdne etohingerengss have pabéd areplrabglenge imythe he

25qual ity of the features forned on the substrate and the resulting

sem condeegiicsndneiorifabiiGatios ptpcess as these polymer residues are difficult to remove.

Conventional cleaning operations using wet cleaning chemistries alone have not been very
effective in substantially removing these polymer residues. Moreover, with the conventional
ciqaning operations, the surface of the substrate has to be exposed to the wet cleaning

15 chemistries for a prolonged period of time in order for these wét cleaning chemistries to act on
the polymer residue and release these residues from the surface of the substrate. The prolonged
exposure to these wet cleaning chemistries may result in the damage of the dielectric film layers
and the underlying structures and features, such as copper contacts. In order to effectively
remove the polymer residue while preserving the characteristics of the dielectric film layer and

20 the underlying structures, the surface of the substrate is carefully treated with a combination of a

dry and a wet cleaning chemistry.

[0019} Careful treatment of the surface of the substrate with dry and wet cleaning chemistry
enables effective removal of the organic polymer residues from the surface while preserving the

25  quality of the features formed on the substrate and the resulting semiconductor products, e.g.,



m crochi ps. In an enbodi nent of the invention, a dry flash chemstry for
renovi ng the post-etch polyner residue, is identified. The dry flash

chem stry is chosen such that the dry flash chem stry is able to renpve at
| east a portion of the post-etch polynmer residue fromthe surface of the
substrate. The identified dry flash chem stry is to effectively renove the
post-etch 5 polyner residue fromthe surface of the substrate 100. The
flash process is optinmzed so as to mnimze the damage to the surrounding

| K di el ! . _ _ . .
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limting t Ication to short. The short flash process using
the dry flash chem st.ry .-s,f B?@Q et ANERE 1P led Aknwherein a
wet cl ea]illcf]?llmgwrcrﬁsel s Srlgi/é/ﬁng gc|1'd{e;fﬁlf{ I fi e%jkp%lﬁgngg%plf ?ﬂe"g to the s Smce of the
substrate so . that, the remainder. of .th I | I ' by the
Short 11 Stk W emUpRIEt s Boriht P8 b Hon PR pfap o EREE ™Y | 0
applicati of the t..cl I ng,chemstry.is tim zed so _f he damage
to the sﬁf‘[’l‘%ﬁ}’rl?a‘i“ﬁ& ee’ldﬁlg&?epék’? F?SHFF‘%’V‘&W {540 ﬁﬁﬁﬁt%g@e(a{“ OVEdt\l}gH&gS gsﬂ of using
a conbi nation of dry and wet cl.eani chem st.ries are nuner.ous., For
i nst ahcePClYREF Tefidya f)r/?m Q&eﬁ“ pesaf e S“E%%F@r ?Ihf’ PASHPrEfRsR ISP 328 ¥s usi ng
| ess conpl ex and, hence, |ess expensive, wet cleanin emstry to
ef f ect i vEInimizs thedamage o {Be SHERIRPRE iRy '§ﬂ&le%#lﬁhag¥er%“g F}letlﬁée‘g % ace of the
substrate. Further, the application tinme for the wet cleagi chem stry is
great |y stagheesdusaliybyimitingthe tme pt snphsation 1@ heshost yhis shpg aglg@mﬁeas%s“éﬁ r eady
been renoved by the short flash process. Less application tine of the wet
cl eani ngthedanflashichemistry isfolewsdhyen wet clegaing gperatien whergd 3 wat cleanipg shemistpg ge
to the lowk dielectric filmlayer and higher throughput. 20 100201 Figure
1 i1l ust isadensified sidgppliéd wdhssmiaeaef the sibsigate se Bat the pamaindss ofi tho pelymer 5
substrate 100 wherein a polyner residue is fornmed alonglthe wal | s and the
bot t tin ofesidué kefithehind by cteeshort flash progess is substantially removed. As in the flash process, -

the application of the wet cleaning chemistry is optimized so that the damage to the surrounding

dielectric film layer is minimized. Advantages of using a combination of dry and wet cleaning

chemistries are numerous. For instance, the short flash process, using dry flash chemistry,

enables using less complex and, hence, less expensive wet cleaning chemistry to effectively

15 remove the organic polymer residues from the surface of the substrate. Further, the application

time for the wet cleaning chemistry is greatly reduced as substantial portions of the polymer

residue have already been removed by the short flash ﬁrocess. Less application time of the wet

cfeaning chemistry to the surface of the substrate results in less damage to the low-k dielectric

film layer and higher throughput.

20

[0020] Figure 1 illustrates a simplified schematic diagram of a portion 100-5 of a substrate 100

wherein a polymer residue is formed along the walls and the bottom of a feature etched in a low-

k dielectric film layer. As shown, the portion 100-5 of the substrate 100 includes a low-k

dielectric film layer 110 formed on the substrate 100. The low-k dielectric film layer 110 is

25  formed using any one of spin coating, dip coating, or by a chemical vapor deposition technique.



k dielectric filmlayer. As shown, the portion 100-5 of the substrate 100
includes a lowk dielectric filmlayer 110 forned on the substrate 100. The
|l ow-k dielectric filmlayer 110 is 25 formed using any one of spin coating,
dip coating, or by a chem cal vapor deposition technique. The nmaterial
used in formng the lowk dielectric filmlayer 110 can_be one of Si COH,
porous SiCOH, etc. The lowk dielectric material is doped with carbon and a
plurality of sub-mcron pores are introduced into the lowk dielectric

mat eri al he nfatékibged ORhink e 1dvalt @6lebtie fikR LSRN0 caRBE e FBMCHARL, bhlotoduced
usi ng wel | -known techniques and is, therefore, not discussed in great

Sdetai | ighcORi o 2PR oAl difletrid RetdrANs ok RELrbdh Jdd'afplﬁtémﬁfof difimigayPe
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formed directly over a substrate surface, over previously fabricated |ayers

such as gb&? ax%?i@?c%dlu?érérﬁmo%e io?il-g QlelaR d@at&iaﬂ' tcPhubthdr 186ed tﬂ@ﬁfefe%%%hﬁ*?r s. The

| ow-k dielectri ayer provides insulation to one or nore features
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structures such as copper | fiterconnec connet
transistqrs.forned on. .th bstrate 10Q. ati,ng. the features fornmed
on ¢ ne. s QEel PEPE ety oIS fekrritdnp bt P AR EER deRbiHET A
coupling capacitance between .features.thereby reduci line delay. An etch
Stob | oy SRS SERE R T S SR S P FE AP R GERSFOURha ol | ow
for self-align .of uynder |l yi optacts . wth the copper. interconnects 150
bnd o ralREY A buea i 1 hedgw e JeiBiuia ai e DO RE iR 0Tkt ur o
105 is etched in the |owk dielectric fil sing.a dual] damscene process.
A hard- Torisares fgraed droughhe !ﬁ)'\éi‘ diergsi, cst%%g 1%at o W@H’é‘gé g8
feature to protect the underlying features fromany profile distortion.
During t Behss CORPST dprennesds | Yhibat qoprect Aok todrapsigigesdformedan the pibstete he0-et ch
stop |layer 120 and the hard mask |ayer/cap |ayer 130 cause pol ynmer residues
140 18 déseépsing therfeatprss {ormed am thesphsietsaising dewnkdliclentiin lm layerchelns insaduciegne
process. It is, therefore, essential to renove these polynmer residues 140
so that eceuplingpnaricangs betyewr featresfbesehyredncing 1S dalay Anetcbistopdayesd2@isi cs of
the lowk dielectric filmlayer 110 are preserved. 10021] Figure 2A
i || ust r afarmed o {hetlewnktdielectiis film &ayet hi Orte plbov oy selfralignonentret undsdydg eonigdthg a
dry flash chem stry, in one enbodi nent of the invention. The enbodi nent in
Fi gur e 2aithithamppertigtsrconnects 150 and to maintain structural integrity of a feature being formed.

A feature 105 is etched in the low-k dielectric film using a dual damascene process. A hard-

15 mask layer or cap layer 130 is formed on top of the etched feature to protect the underlying
features from any profile distortion. During the stripping operations, the chemicals used in
: stripping the etch stop layer 120 and the hard mask layer/cap layer 130 cause polymer residues
140 to deposit in the vias and trenches formed during the dual damascene process. It is,

therefore, essential to remove these polymer residues 140 so that the functionality of the features

20 105 and the characteristics of the low-k dielectric film layer 110 are preserved.

[0021] Figure 2A illustrates a system that is used in removing the polymer residue using a dry
flash chemistry, in one embodiment of the invention. The embodiment in Figure 2A illustrates
an exemplary plasma etching reactor chamber having a radio frequency (RF) source and either

25  transformer coupled plasma (TCP) or capacitive coupled plasma. The embodiments of the



an exenplary plasma etching reactor chanber having a radio frequency (RF)
source and either 25 transforner coupled plasma (TCP) or capacitive coupled
pl asma. The enbodi nents of the invention are not restricted to a RF plasna
etching reactor but can enploy any ot her conventional etching system A
substrate 100, is received into the first anbient controlled plasma etching
reactor chanmber (first housing chanber) 152 through an inlet port (not
shown). Figure 2A illustrates only a portion 100-5 of the substrate 100 as

bei ng r eqRieNash drdthdt bt idia R plRsthPAEHiIRY feastlothA eRPédploy MySoth& ONlY to
exenmplify how the dry flash chem stry assists in the renoval of the polyner

resi due dufvenitondl GERADSYIRND DE bl 100, ifretti0SE in@ltRe ARPahbiehtRoRirdRY | Nto the
first housing chamber 152 and di sposed on a substrate supporting devi ce,

such as ﬁla&ﬂRélé )@Jéhi?ag Reabror JAEeP U nbasta ﬂaﬁﬂagfkj Vl?% gftiio # i?l@%o?t (BBteéﬂU\(;Hf y
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descr  bodtHHSRE] cthiers hi3ueHly I8 HERROAST M 3P hosh sk BT e IRV 2
bstrate_10 her. t f bst r at.e hol di i . b d., [0022

it he. o RBBRRR Eihahst PO s sl B Sprtel 1o MR T et Wiamene

first h [ 15 .chanb 2 head.160 which includ

Pl Ur a1 ¢ JdP Bt TEPEr e 2ar A0 g a0 43 BH el AHoar R ey R PR BBl g

[ b t he . head 160 h f f_th hstrate 100

w thin CRERr ibe cRishaPg ERaNGER CYs75te RenuRBERoRut fREBG P Soh RBEE 1o a

reservoir that is configured to hold and supply etchant chem stry to the

first hoBEMAK @pLARSER) toseceivs and hold the whsieate: E}PO(%au)g s sorthat thesubgitaln K9 t o

t he shower head 160 t hrough a matching 20 network (not shown) and energi zes
the $Qowisrsubstandiallyrerposaddp ane opesicherpistrics applied in the digg howsing dember 2 eat ur es™
on the surface of the substrate 100 using a dual damascene process. The

pl asma eféthougy thexrehadimentnofiihe inventige bavebrsndescribedusingrichuck y2%Ado reseive
therefore, not described in detail. [ 0023] The etchant may be

i nt r oducand hold the surdace iof the shiostraierl §O0cotherivepes pbsubstrate heldimgdevicesdmaydrerused.
25using an etchant inlet control. The etchant used in etching features 105
on the substrate 100

[0022] In the embodiment shown in Figure 2A, an etchant is introduced into the first housing

15  chamber 152 through a shower head 160 which includes a plurality of holes for releasing
gaseous etchant into a RF-induced plasma region between the shower head 160 and the surface
of the substrate 100 within the first housing chamber 152. The shower head 160 is connected to
a reservoir that is configured to hold and supply etchant chemistry to the first housing chamber
152. A radio frequency (RF) generator is coupled to the shower head 160 through a matching

20  network (not shown) and energizes the shower head. The etchant chemistry is used to etch one
or more features on the surface of the substrate 100 using a dual damascene process. The plasma

etching reactor chamber is well known in the industry and is, therefore, not described in detail.

[0023] The etchant may be introduced into the first housing chamber 152 in a controlled manner

25  using an etchant inlet control. The etchant used in etching features 105 on the substrate 100



usual l'y contain m xtures of fluorocarbons, hydro-fluorocarbons, oxygen and
nitrogen gases that may | eave pol yner residues on the dielectric sidewall
and bottom of the etched structure or feature 105. During the stripping
operation where the etch stop layer is stripped, residues fromthe
stripping chem cal may al so be deposited as pol yner residue along the walls
and bottom of 5the feature 105 formed in the lowk dielectric filmlayer
110 of the substrate 100. The first housing chanber 152 includes an outl et
that is opesliytdontinymixomeeafifedrdcarbans dgdrorflupauchrbbns, oRydef ahd AMdgéLsmNanithe
etchant and stripping chem cal after the etching and stripping operations
are per f onapeldave Hobynsn bsiduat en the Aiel @ triomidedvall nadbbthsn bf ths tichelGhBrcsaner
152 to a second housi ng chanber 154 after the etching and stripping
oper at i orfsatsie 10BaDutihgthp elrippliz cpaatichehee Brdhathy 1ByckGs el fALkASks IHd%
features 105 may be cleaned. [0024] A flash chem stry applicator disposed
Wi t hin t e sippsing clivpicdl Aty @va BB @epobidh dsHolyRtty R%Iud adhy¥ e AR 64 BoaH S nto
a

t he second housi ng chanber 154 using a short flash process. A short sh

process, thefeusad05ToikbdSn 8RRV ric fifin 8581 NODrAR AbSR& g t ment
wherein the dry flash 15chem stry is gﬁplggd to the surfacéﬁgghg%ggbstrate

100 i . ' ' f tiae. |
one cnbod, mont e b s a1 QISR plterfolf Stheplch €l o b 8boR o LB, o
As d [ ' : : i i . 152, t.h bstrat
100 T 5 1 e R SR st Al B e WPk el ORalti mg
chanber  baffornfaRTnOSIbhAE b0 KRR EMH he ald FofiliThadbe B 8L LZPR LIS

chuck 125-B i1 n the second housi ng e e sur

bstrat [ . hort flash in the. d.housi
chanber 1o ber 4 ST EA e ARl ot B B B RSt S Bt "
I ' ' t.h f th bstrate. On
par At ol e B PRI SRR el duo-ar e analyeed and the

appropriate dry flash chem stry is chosen based on the analysis. In the
enbodi nent of the invention illustrated in Figure 2A, the flash chem stry

appl i cat i shaower head 165 di sposed in the second housi ng chanber
! The 92T A PR oS! amahGiton danoscd idas fhecspeand Bovsies choaenist INeatoaos. | n

the first hoHsknﬂ chanmper 152 and includes a plurality of
a drytlash chemistry into the second housing chamber 154 using a short flash process. A short

flash process, as used in this application, is defined as a chemical treatment wherein the dry flash

15 chemistry is applied to the surface of a substrate 100 in a sudden short burst that lasts for a very
brief period of time. In one embodiment, the brief period of time may last for about 5 to 7
seconds. As described with reference to the first housing chamber 152, the substrate 100 is
received and disposed on a chuck 125-B within the segond housing chamber 154. A RF
generator connected to the chuck 125-B energizes the chuck 125-B in the second housing

20  chamber 154. The surface of the substrate 100 is treated to the short flash process in the second
housing chamber 154. The dry flash chemistry is selected based on the type of polymer residue
deposited on the surface of the substrate. One or more parameters associated with the polymer
residue are analyzed and the appropriate dry flash chemistry is chosen based on the analysis. In
the embodiment of the invention iliustrated in Figure 2A, the flash chemistry applicator is a

25  shower head 165 disposed in the second housing chamber 154. The shower head 165 is similar
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holes for releasing dry flash chem stry into a RF-induced plasnma region
within the second housi ng chanber 152 between the shower head 165 and the
surface of the substrate 100. A RF generator is coupled to the shower head
165 through a matchi ng network (not shown) and 5 energi zes the shower head
165. As nmentioned in relation to etchant, the shower head 165 is connected
to a reservoir that receives and supplies the dry flash chem stry to the
second housi ng chanber 154 through the shower head 165. For effective
removal ol QbR i b BHea £89 fiifie olslfoudink chiddiseh 150850 Rbfued dYILHHE T

| ow pressure gas such as carbon-di oxi de, oXygen, ammonla, nitrogen,

O 00 hollE D Alising 50K RO o 2RIMARL AL RERNARPIE sBlonfi 105 | OV

10pressu SES. e eXposur e of emstry I's

LSE? | ont ﬁﬂ%%?fc‘w?rh@;h%%‘ft%ﬂg%%fh%‘ﬁ %?%?%@ﬁfg”aﬁa ts géﬁ%'éftﬁ%”%@itﬁaﬁ? f‘f&’gf{o the
100 i
Chen s r PRt P Res e ok Tert b GohOUEE 0 TERR R ebork s Righrbef

applicator includes controls to contrql the flow.,of the dry fl chem stry
TPE0 § heenEEedRBUET B 5 bbs mestone it FAOR HLSGHRY LRV EHRET § | <
applied to the surface of the substrate 100 i control |l ed manngr. .,
Subst ant famegied toiagservir thafdressives gad sypplipsfipdnydlady sy odhe FEORIGEng ¢ e
dielectric filmlayer and the bottomof the feature are easily stripped by
the:dry thamber tHethioygh theshowerdiendh 6% Hior etfeqtie pempvabefosgantgpolues (s
pol ynmer residue is pronptly renoved along with the dry flash chem stry
t hrough the douflasbichespistratriclusies/ losopraesurecgss Seshas garborraiogisle: OXYBRD MM pr ocess
is kept short as prolonged exposure to the dry flash chem stry
si gni f i caitolgn, dpdragens methend icetber monexidg lafgeon an any deebinations of thepef @t ur es.
This damage:-may be 25attributed to the fact that carbon atons present in
t he NOwW jsrechiued @sescic filmlayer 110 can react wth free radicals in the
pl asma. After treatment of the substrate 100 to the short flash process,
the substrate 100 is delivered to a third housing chanmber 156 through an
entry port (not shown) in the third housing chanber 156. 5[ 00271 The
subst r at @029PTheexposiet ¥ittle tiyr ushy bhanistrnisddotrppic t(urifont is hibdivctions)tiheattei r d
housi ng

which enables uniform application of the dry flash chemistry to a portion of the surface of the

substrate 100 so that the polymer residues exposed to the dry flash chemistry are substantially

15 removed.

[0026] The flash chemistry applicator includes controls to control the flow of the dry flash
chemistry into the second housing chamber 154 so that the dry flash chemistry is applied to the
surface of the substrate 100 in a controlled manner. Substantial portions of the polymer residue
20  adhering to the walls of the dielectric film layer and the bottom of the feature are easily stripped
by the dry flash chemistry during the short flash process. The stripped polymer residue is
promptly removed along with the dry flash chemistry through an outlet operatively connected to
a vacuum port. The flash process is kept short as prolonged exposure to the dry flash chemistry
significantly damages the dielectric walls and the underlying features. This damage may be

25  attributed to the fact that carbon atoms present in the low-k dielectric film layer 110 can react

11



chanber 156 on a substrate supporting device, such as a carrier 125. The
carrier 125 includes pins/rollers to receive and hold the substrate 100
along a plane and notors to transport the substrate al ong an axis of
novenent through the third housing chanber 156 and to deliver the substrate
through an exit port (not shown) of the third housing chanber 156. The
carrier 125 is 10 also configured to rotate the substrate 100 al ong an axi s
of rotation so that the substrate 100 is substantially exposed to the wet

1251 nol ALk HHdf 91%@3*32%%%%& S YOI e i PSRN

embodi e SuareEngo (led Ry bl bl Bkl ﬁ%ﬁﬁf‘?‘ﬁ#g‘p°“‘f§’£“’¥*ﬁ§€‘“*té\§ﬂ 0

receive an g$I t he urfaCﬁsof the substrate 100 using 15pins/rollers,
other ty BRg SREYAG 8 ng devi ces may be used. [00281 The third
housi ng chanber 156 includes a wet cleaning applicator 170 to introduce a
wet cleaning chemstry to the surface of the substrate 100 as the substrate
100 is transported through the third, housi ng cha 156. The wet cleaning
chemi &t r {002 Eha substesde HE’S‘%EFC'EJ‘H“% theough 38 et pof ( B‘E}IB%?) ip 2he B hORSISSi t ed on
the surface of the substrate 100 and the dry flash chem stry used

Accor di nepanbenhi @ra substeat SiPRPRNG fevies Swds asRCartifr { vt HEg %Ufeﬁllr%? incldfue and
the dry flash chem stry are anal yzed and the wet cleaning chem stry is

sel ect edpipsisadiérsdn receiye andihgidithe substratq Hfdang aplene aBAERAIET PrgQﬁraIEmef the

i nvention, the wet cleaning applicator 170 used in applying the 25 wet

cl eani ngsublstzati slong ai sxisofmevenent Wrmadlﬁbsébewgvﬁhﬂlﬁgﬁ SRand y deliverghei ng
chanber 156 and the wet cleaning chem stry is applied as a liquid

meni Scus subkiaste tizouph shresit ipert (ot Shaven) s e thied kéusingichambarfl§6.c hhecarger 1|2é g d
chem stry, refers to a volune of liquid chem stry bounded and contained in
part 1by sleé Eadiguicdns radate die stibstratei 190iatbngfae ks of yotdtmnwe dhat thesubgiatesiOigs
surface of a proximty head and a surface of the substrate 100. The

Meni SCus gublstatiBalfy@kpesdd td the ales cleaminy chehlisaiyl appheddn tlanthd beusingabdmberelS6a
surface in the contained shape and is used to renove the contam nants from

the surf gagchfier 128 bRt kingetd Beceivd andReld Hiecubsraadioten place whide being scus
shape can be controlled by precision liquid chem stry delivery and renoval
systens Lhabof@dthfdukh BRI thitdEdUdRE cRarBbdNY6] AGheUhtRN@mbodiments of the invention

have been described using a carrier 125 to receive and hold the surface of the substrate 100 using

15  pins/rollers, other types of substrate holding devices may be used.

[0028] The third housing chamber 156 includes a wet cleaning applicator 170 to introduce a wet
cleaning chemistry to the surface of the substrate 100 as the substrate 100 is transported through
the third housing chamber 156. The wet cleaning chemistry is selected based on the type of

20  polymer residue deposited on the surface of the substrate 100 and the dry flash chemistry used.
Accordingly, one or more parameters associated with the polymer residue and the dry flash

chemistry are anatyzed and the wet cleaning chemistry is selected based on the analysis.

[0029] In an embodiment of the invention, the wet cleaning applicator 170 used in applying the

25  wet cleaning chemistry is a proximit;r head disposed within the third housing chamber 156 and

12



10 100301 For nore information on the formation of a neniscus and the
application to the surface of a substrate, reference may be nmade to: (1)

U S. Patent No. 6,616,772, issued on Septenber 9, 2003 and entitled

"MET' HODS FOR WAFER PROXI M TY CLEANI NG AND DRYI NG, "; (2) U. S. Patent
Application No. 10/330,843, filed on Decenber 24, 2002 and entitled

"MENI SCUS, VACUUM | PA VAPOR, DRYI NG MANI FOLD," (3) U.S. Patent No.

6, 988, 327, issued on January 24, 2005 and 15 entitled "METHODS AND SYSTEMS

FOR PROGESSLNG A SUBSTRATE US| NAM N -
bt ent NS VB! QerBing R STy AP S sl SERAMET misldgps,” e bt
BARRI ER NI SCUS SEPARATI ON AND .CONTAI NIVE M .

6, 488, 04V LTS TUIPL AP B iy "‘gﬁ%‘%—ﬁ?‘i“f“?é‘g“g‘%kpﬁ“ﬁﬂ\?@ﬁ‘gs@ff%gdw
HEADS FQOR SI NGLE _WAFER CLEANI. NG ,AND Y " h_i i .

Resear c N2 &% sy drce f5sien OFﬁ’é "&E‘é‘i%ﬁ‘@gﬁﬁ#’%@ g’%%}’ %ng}%ﬁfﬁ%?%%p%%dﬁa d each

is incorporated herein by reference. For. additional, i nfornati top
and bot thsad ardha seface pighe pubstrate ég(ﬂ ’glg:rﬁgagz% s 8"%%9eﬁ6’53rcn§tﬁ°elfr%gls‘%§§?£nas
disclosed in U S. Patent Application No. 10/ 330, 843,‘?\[83| ed on %e%egﬂﬁr 24,
2002 Sandbeaneved oxer a'syeiRpesetis coprngdvhancsad (AIsedio IBRYY Wﬁf’ﬁtﬁﬁ SIOHPE U s,
Pat ent Application, which is assigned to Lam Resear Cfg’&co%r ati on he

assi gneesuohce ofshomibsirate 190. Jp specifia Grahpdiments, Hhegneniscus $aPheAneroptoliedp¥ ence.
[ 00311 As described herein, a proximty head is a substrate treatnent

appar at Uwetisian liguid cersistredeliyewond serpeyal shstest that gpg firther {ncfude 3 COPYge of a
substrate 100 to be treated, and renove the chem stry fromthe surface,
when thesysteoxi mty head is placed in close relation to the surface of 5 the
substrate 100. In one exanple, the proximty head has an opposi ng head
surface (opposing surface) and the opposing surface is placed substantially
parallel to the surface of the substrate 100. A neniscus is formed between
t he QpPpPO@URY) Fudhickcif@ndtibhen the férambomdf 4 ineniswis sud the applatiomiedhqsusfraef v
head may al so be configured to deliver a plurality of chem stry and is

equi ppedy Wibbtraty,acfeteatRnd be fade toe(Mh .31 PatcheNpl 6,616,172 yissied oh Spptsmbsr % hat

were delivered. 10 [0032] By controlling the delivery and renoval of the

cheni st 1y and BRLEEMMVES HEDS fdkew AFBRIPRCXISITYACLEARINGONDTH Yinea)" ;4 2)U SoPeentov er
the surface of the substrate 100. I n sone enbodi nents, the substrate 100

can be np¥QtlaidM b C10/336,838 Oledbi Debiiitidr 24, 2002 hild enditied 'MERSOES, Vawbod] ment s,
the proximty head noves and the substrate 100 remains still, during the
processi {}g, PREGO DRy MARIFOLD," (3) U.S. Patent No. 6,988,327, issued on January 24, 2005 and
15 entitled "™ETHODS AND SYSTEMS FOR PROCESSING A SUBSTRATE USING A
DYNAMIC LIQUID MENISCUS," (4) U.S. Patent No. 6,988,326, issued on January 24, 2005
and entitled "PHOBIC BARRIER MENISCUS SEPARATION AND CONTAINMENT, " and
(5) U.S. Patent No. 6,488,040, issued on December 3, 2002 and entitled "CAPILLARY PROXIMITY
HEADS FOR SINGLE WAFER CLEANING AND DRYING," each is assigned to Lam Research
20 Corporation, the assignee of the subject application, and each is incorporated herein by
reference. For additional information about top and bottom menisci, reference can be made to
the exemplary meniscus, as disclosed in U.S. Patent Application No. 10/330,843, filed on
December 24, 2002 and entitled "MENISCUS, VACUUM, IPA VAPCR, DRYWNG MANIFOLD." This

U.S. Patent Application, which is assigned to Lam Research Corporation, the assignee of the

25  subject application, is incorporated herein by reference.
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15 for conpleteness, it should be understood that the processing can occur
in any orientation, and as such, the neniscus can be applied to surfaces
that are not horizontal (e.g., vertical substrates or substrates that are
held at an angle). [0033] For additional information with respect to the
proximty head, reference can be nade to 20 an exenplary proximty head, as
described in the U S. Patent No. 6,616,772, issued on Septenber 9, 2003 and
entitled "METHODS FOR WAFER PROXI M TY CLEANI NG AND DRYI NG " This U. S

Pat ent Application, which is assigned to Lam Research Corporation, the
assignee of the subject application, is incorporated herein by reference.

For addi fmo@@;ﬂhg H&fcﬂﬁé@ﬁe&&ﬁ' aa&&urmmgacpf@%hmﬁ% teeaﬁ%te@p%%ﬁm oo arelﬁxlst em

referenceé can to an ‘exe system descri b 25 1 n the

PROK! M I %%%%éf’gr@%%%ﬂ%%&%ﬁmé%%%ﬁﬂ%ﬂ%@& L%éé‘_?f
whi ch 1 S cAGSLORGLS. ﬁ%éﬁ&@%@@%}&@ﬁ? acédnﬁgf%g%&:%ﬂ%ﬁ Sl iyl ec!

appl i caton, I NCOT por at e nce eani ng
oo trﬁﬂr& 31?31 et} o RAER e b b éa%%n g ﬁ%advegrf‘“e | (oBeRR "
SRR o i R e isfp S50 St il o e Bugfhef ﬂ bt el
ot h@gvéf&gisg%ﬁ'?ﬁamteﬁg?ﬁwgw B S hePisfe i i e pf S ESERER | o
wet | I oatPhErRxTRIN e ey Be CPTEORRILIE S8 TR PARHSY B GRTEC 8 SAEIRThg. The

substrate_is noved through the third housing chanber 156 and a
subst ant With|vpcusmeRarts forysmpring theplyralitnod chegnistry Bagmere delivrst port (not

shown) .
10

[0032} By controlling the delivery and removal of the chemistry to the meniscus, the meniscus
can be controlled and moved over the surface of the substrate 100. In some embodiments, the
substrate 100 can be moved, while the proximity head is still, and in other embodiments, the
proximity head moves and the substrate 100 remains still, during the processing period. Further,
15  for completeness, it should be understood that the processing can occur in any orientation, and as
such, the meniscus can be applied to surfaces that are not horizontal (e.g., vertical substrates or

substrates that are held at an angle).

[0033] For additional information with respect to the proximity head, reference can be made to
20  an exemplary proximity head, as described in the U.S. Patent No. 6,616,772, issued on
September 9, 2003 and entitled "METHODS FOR WAFER PROXIMITY CLEANING AND DRYING." This
U.S. Patent Application, which is assigned to Lam Research Corporation, the assignee of the
subject application, is incorporated herein by reference. For additional information about the
proximity vapor clean and dry system, reference can be made to an exemplary system described

25 inthe U.S. Patent No. 6,488,040, issued on December 3, 2002 and entitled "CAPILLARY
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[ 00351 Figure 2B is an alternate enbodi ment of the invention wherein a
singl e shower head 160 15is used to supply an etchant to the surface of the
substrate 100 in the first housing chanber 152 and to supply a dry flash
chem stry to the substrate 100 during the short dry flash process. In this
enbodi nent, the shower head 160 is connected to a RF generator through a
mat chi ng network (not shown) to energize the shower head 160. Likew se, a
chuck within the first housing chanber 152 is used to receive the substrate

100 and Fﬁoﬁﬁ@fs&hnﬁﬂ 5Bx STNCRE VRRR CRERNE Anb TR anitay ShbAiche NGiUPIsk (not
nthis enpo

shown) . Iment, an etchant (supplied froma reservoir) is

appl i ed . S 3 . A Lnni

opor at 0SBy 5cin) RERafth CoRraoE Ak CofhE M IERiqr eThdoRAE]

flash chem stry i plied to the surface of the substrate in a short flash
E rein by fegen

process R e ] Stantially renove the polynmer residues deposited during

the etching and stripping operations. By conbining the etching operation
with a dry flash 25operation using a single shower head 160, a substanti al

d i i I i for.. i t.h t 0 b i eved.
i (R G RIE BB A M S Rk
i iti ) ent_in. i t .ai wh i t substrate, 100, f
DU O B SoEn) DAL el MOER IR S UL 100, L/

undesi red reaction between materials on_substrate 100 and anbient air. 5
[00361 | furfase of asesiraein 2 coptrolipd mannesyIn the gmbodiment ehere 2progiputy headis
dielectric filmlayer, a photoresist (PR nmask_ is applied, and an etchant

i s i nt rotsrdete Preximithiead inclydenayticg thehigwperativebpcomreciedie Jovaspspaert tead 160
to define a feature through the dielectric film]layer. The etchant is

appl i ed temaviéheswaticleering Ehantignsangdhe pelpmerregideyisieassd|iv thethinhkqusing t hat
features may be efficiently 10 etched. The etchant used for etching

f eat 10 es chambet 154 dunink thecleaningoperation sd thatolresh aveboleaninghgmisttyuoaydeear bons,

- oxygen and nitrogen gases that can | eave polyner residues on the dielectric
si dewal | irdwoduded tioramatk effbaive cliehwidg s Theisbstrats is nidwed BRowghstke tvind hohgingt ch st op
| ayer are stripped in a stripping operation using stripping chemcals

i nt r oduc elhnitler bicHndtalsabsddially clesradibittdle iskio[i0O8Vfhrdiigh ithegexitipertq botish@img
operation where the PR nask |ayer and the etch stop | ayer are

[0035] Figure 2B is an alternate embodiment of the invention wherein a single shower head 160

15 .is used to supply an etchant to the surface of the substrate 100 in the first housing chamber 152
and to supply a dry flash chemistry to the su}.:astrate 100 during the short dry flash process. In
this embodiment, the shower head 160 is connected to a RF generator through a matching
network (not shown) to energize the shower head 160, Likewise, a chuck within the first
housing chamber 152 is used to receive the substrate 100 and is energized by a RF generator

20  through a matching network (not shown). In this embodiment, an etchant (supplied from a
reservoir) is applied to the surface of the substrate to etch features. A stripping operation follows
the etching operation to remove the etchant and a dry flash chemistry is applied to the surface of
the substrate in a short flash process so as to substantially remove the polymer residues deposited
during the etching and stripping operations. By combining the etching operation with a dry flash

25  operation using a single shower head 160, a substantial reduction in cycle time for cleaning the

15



stripped, residues fromthe stripping chem cal nmay al so be deposited as

pol ynmer residue along the walls and bottom of the feature forned in the

|l ow-k dielectric filmlayer 110 of the substrate 100. In another

enbodi nent, a hard nmask layer is used instead of the PR mask layer. In this
enbodi nment, the stripping operation strips the hard mask | ayer and the etch
stop layer. 20 [0038] Upon a successful etching and stripping operations,
the substrate is treated with dry flash chem stry using the same shower

head 160gip3trate 30@hhay bt AHevRl O8ESBoRMy 2Soniinihe R\ R0 bb&atids Y Bre dhambelues | eft
behind by the etchant and the stripping chemcals, as illustrated in Figure

2B. The g;evedté SRk iﬁi{ﬂﬁﬁ?iés dehtGRGHBiel dif\(WHRR nRAUNLTRE sdb?ﬂt@'“ﬁ)ﬁ&ﬁoﬁ@' eases at
on of e pol a

| east a porti ynmer 25residue fromthe surface of the substrate

100. Th i i . i i
S R T S i S R e St
Operat'Vﬁkeﬁﬁ@Q@§g§ﬁgwﬁﬂo%wgﬁﬁﬁ&ﬂbﬂprt' The vacuum port may include an

outlet contro contro € anbunt of various chem stries that can be
removed fromthe first housing chanber 152. The substrate is then
trans%orted to a second chanber 156. The supply of etchant and dry 5 flash

hem st be. trolled t i.nl et trol . 03 Th d
B A e e T e

I i hem st into the, d nber 156. . Th I i j.cat
ST bk el oEHR PpaBet PP RSl e ™
chem stry into the second changber 156 10 for gﬁfectigelgﬁcleanin t he
surface Broughe shopericad Loltggletingn fepurethmyah thettielpqtyic, Him yery Thy eligitis 28,

the wet cleaning applicator is a_proxinitX head 170 and t he wet cl eaning
cheni st r gpnligd tnthe surdac of the subsirplg i perdrolisd mynges so that feapiees gpaytiss ity at e
100. Since portions of the polyner residue have already been effectively
remoVed ¢tekad (The etchartasad for etelhiag fatsesugualysyclpdramixiges ofiflugsisaghppsess, a
| ess conpl ex wet cleaning chem stry may be chosen and applied to the
surface bydrofuora@cheps toxugen and nitepgethgaseethairanilesge pelymenresidnesqndbe dielsctobt ai n
a substantially residue-free substrate surface.

sidewall and bottom of the etched structures. The PR mask and the etch stop layer are stripped in

a stripping operation using stripping chemicals introduced through the shower head 160.

15  [0037} During the stripping operation where the PR mask layer and the etch stop layer are
stripped, residues from the stripping chemical may also be deposited as polymer residue along
the walls and bottom of the feature formed in the low-k dielectric film layer 110 of the substrate
100. In another embodiment, a hard mask layer is used instead of the PR mask layer. In this
embodiment, the stripping operation strips the hard mask layer and the etch stop layer.

20
[0038] Upon a successful etching and stripping operations, the substrate is treated with dry flash
chemistry using the same shower head 160 in a short flash process so as to remove the polymer
residues left Behind by the etchant and the stripping chemicals, as illustrated in Figure 2B. The
dry flash chemistry reacts with the polymer residue and releases at least a portion of the polymer

25  residue from the surface of the substrate 100. The released polymer residue along with the dry
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[ 00401 In the enbodinents illustrated in Figures 2A and 2B, the controls
that control the flow of the etchant, the dry flash chem stry and wet

cl eaning chem stry may each be comunicatively 20 connected to a conputing
system 175 (not shown). A software running on the conputing system 175 may
be used to adjust one or nore paraneters of the etchant, dry flash

chem stry and the wet cleaning chemstry to ensure controlled application
of the etchant, dry flash chem stry and wet cl eaning chem stry to the
surface diash bieensistbsis hadneptlhGOmbesd fiednii ehetfirst hosdigpehafber 32ahApPE bitgt Syst em
175 may be | ocated anywhere so |l ong as the conputing system 175 is

conmmuni cadpeitibely oilnetls@ tb 4 eactithg pANtTHvacuRBHoreaPInBluae Bl betet tétdrot hat
paranmeters of the dry flash chem stry and the wet cleaning chem stry.

Li kewl se,cohtiéls B s8RAAT GHvaFSusBRYmREies &R 84t R etBvddTRons ¥t HAlsiRY SlafiBed 75 SO
t hat energy provided to the shower head 160/ 165 and the chuck(s) may be

control | ed2f qhe QbkiratBls th&SidnsporEdfo 8 Wdohd ci@ibef P36, IihelsiSply BELEMENPA I &y MY
al so be connected to the conputing system 175 so that renbval of the

vari ous GRENERitESmANEE RMLYIRS thida 'O?#glgetrcg‘{tﬁﬁxsed during 5 cl eaning

operations may be “eff'ectively cont 0041] In the enbodi nents
illustrated in Figures 2A and 2B, the introduction of the wet cleaning
chem stry is not restricted to a proximty head 170 that introduces the wet

) 220110 OO L8 b A AL OB W oGl 2

O her for eanl n e surtace of the
br vt boscie By e R Byl e, IR Bl enfi G g IR el " °
oot due. PBTE faCoante e ibaeliond e g deriney PREERGoRS Filet B ugn
o

anmoni a, .nitrogen, hydrogen, carbon ponoxi de, argon, methane aqr any

n on, : )
conbi nat iZEn e eispnifherRlisaignis earexingty bead /0 aad themstrlepnips eieamistpals” be
adj usted by the conputing system 175 include pressure, flow rate, power and
exposur e aPPif'ﬁE‘.aS?H@“‘&d?%ﬁ%t‘%%@%?“fﬁﬁloﬁtP%l%‘H’S'Eﬁ% kGt Pince partionnefthe pRlymer
prom sing results include pressure between about 5 niforr to about 40 mrlorr
with an apidgdaveriecadybeensffeetiyglnremovedrsm thegurfpee of the sabyeatelecihe shsiflasko
standard cubic centineters per

process, a less complex wet cleaning chemistry may be chosen and applied to the surface of the

15  substrate for a shorter period of time in order to obtain a substantially residue-free substrate

surface,

[0040] In the embodiments illustrated in Figures 2A and 2B, the controls that control the flow of
the etchant, the dry flash chemistry and wet cleaning chemistry may each be communicatively
20 connected to a computing system 175 (not shown). A software running on the computing system
175 may be used to adjust one or more parameters of the etchant, dry flash chemistry and the wet
cleaning chemistry to ensure controlled application of the etchant, dry flash chemistry and wet
cleaning chemistry to the surface of the substrate 100 for effective cleaning. The computing
system 175 may be located anywhere so long as the computing system 175 is communicatively

25  linked to the controls that enable controlling the parameters of the dry flash chemistry and the
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20 minute (sccn) to about 1000 sccmwith an average flow rate of about 400
sccm power between about 50w to about 1000w with an average power of about
500 w, time of exposure between about 3 seconds to about 20 seconds with an
average tine of exposure about 5-10 seconds. As a substantial anount of

pol ymer residue has already been renoved fromthe substrate surface, a | ess
conpl ex wet cleaning chem stry nmay be chosen to provide optinmal cleaning of
t he pol yner 25 residue | eft behind by the short flash process. The wet

cl eani ng whedéasingychemistry hhikewiseyhe Rfrapnérstorsgnaydmidohsected to eRR6pYtiid & stem
remai ni ng pol yner residue includes sinple wet cleaning chem stries such as
hydr ogen 17isorthalenagy prwided ke Shavesrihdgl 160064 2id therBidkQd) i belc@RBMicdTor
post-etch polyner residue fromthe surface of the substrate will 5 now be
descri bedoptima edsait| Tié éutlet EfntoERARe VRulh@Poremay alldBe BRINBAE RAGE Bsmptithp t he
operation of receiving a substrate after a post-etch operation, as shown in

oper at i onsy3feth 17530 tiei edhasviBofanélvarions Pi¥nigrieWdipeBinfer HERlesibidai Ktk and
strip operations may result in the deposition of polynmer residues at the

bot t ons angleaipdpetions¥aby Be sifecBvdlPVbiliraicg! ectric filmlayer where a feature

was etched. A dry flash chem stry is identified based on the type of

pol ynmer residue deposited on 10 the surface of the substrate 100. The

characteristics of the polyner residue are analyzed and the dry fl ash

chenmi st 1 yood1]i 1 8 dnitlof RS (i -F%Pe%' Sindy i [ L] Q035
[0041] o fstfkd 19?1 1S pZ%f\l délg 2Baﬁ1e§ﬁ96m;cfrl@n SR w%,tncgeanmg

The identified dry flash chem stry td the surface o

bstrat AT : . i eration. 320. The short
Fllash pr oasaieid iEnR gk G3prPrfgg Bens B0 GBI BRR RriAing Shemil a8
PR L s L R R A R o
A e it e e SR M L R
Fesi due. 0B 3 Th A A B Hedh B BhRE BPostbpEs BrisEoe
respective paraneters, as sho in operatjon 325. The jdentified wet
cl eani ng RERERT CEFLPT @CB ¥IERIgSItee pidelepserthgRolynerpsdue fham therdielaattic wally
control | ed manner a? shown in operation 330. The wet cleaning chemstry is
appl i ed (PoflRgtom ohthe tephurg farmed thronghy the dielegtzin fila layer x The dyy fiash gherpistig thabox

wet tank dig, or spray nozzle. The wet cleaning chem stry further aids in

the remoViEf Shopvnpsemisuieresuts peludg lewv-Rres st drygasrsitgh s carhen-dioxide, oxygen,

15  ammonia, nitrogen, hydrogen, carbon monoxide, argon, methane or any combination thereof,

The parameters of dry flash chemistry that can be adjusted by the computing system 175 include
pressure, flow rate, power and exposure time. The parameters of dry flash chemistry that have
shown promising results include pressure between about 5 mTorr to about 40 mTorr with an
average pressure of about 20 mTorr, a flow rate between about 50 standard cubic centimeters per
20 minute (sccm) to about 1000 sccm with an average flow rate of about 400 sccm, power between
about 50w to about 1000w with an average power of about 500 w, time of exposure between
about 3 seconds to about 20 seconds with an average time of exposure about 5-10 seconds. As a
substantial amount of polymer residue has already been removed from the substrate surface, a
less complex wet cleaning chemistry may be chosen to provide optimal cleaning of the polymer

25  residue left behind by the short flash process. The wet cleaning chemistry that has shown
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25features and the surrounding walls of the dielectric filmlayer. The
nmet hod continues wth operation 335, wherein additional |ayers and
features may be forned over the lowk dielectric filmlayer to define an
integrated circuit chip (I1C chip). Sone of the additional |ayers that may
be formed include bather |ayer, copper filmlayer deposited to define
nmetallization interconnects and lowk dielectric filmlayer deposited to
separate the features forned during the various 5fabrication operations,

etc. The pﬁflﬂﬁiﬂgiesﬁ_ﬁé/inrr_@fﬁ&ﬂhg the lrémdifing BB e feRidh®mtRdePiimpRaves BlRadingt e or
some | evel of tabrication is reached. [0044] Advantages of using both a

short fl RRénisfiRs ARA adREir¥Rh fRloBANARhrREKiRhIMABriddIC! ude usage of a |ess
conpl ex wet cleaning chemstry, reduction in the cleaning tinme while

produci ng a 10 substantial polyner free substrate and reduction in cost due
to the usage of a |l ess conplex wet cleaning chem stry. [0045] Although the

1 ea0! nghany S0B8PSS SRE| BRSO R e or U B8R O
modi f 5C ahr)g%%td%?cﬁbpfin]tﬁ%aﬂéﬁg% xjgf;e?e%c ot ﬂk{}etSh g ?l’%ﬁ]%d%%%i&'lg %itggtpeﬁﬁgﬁagf)& I0 LE

Accordi ng e presen I'ment S are t0 be consi rative
o % B e 5 RSP BB SRS S, a1
appended s%pggng%hen%gals used during etch and strip operations may result in the deposition of polymer

residues at the bottom and along the walls of a low-k dielectric film layer where a feature was

etched. A dry flash chemistry is identified based on the type of polymer residue deposited on

10  the surface of the suﬁstrate 100. The characteristics of the polymer rcs‘idue are analyzed and the

dry flash chemistry is identified based on the analysis, as shown in operation 315. The identified

dry flash chemistry is applied to the surface of the substrate using a short flash process, as shown

in operation 320. The short flash process enables the dry flash chemistry to effectively act on the

polymer residue and remove a substantial portion of the polymer residue deposited along the

15 walls of the dielectric film layer without damaging the dielectric film layer or the enclosed

feature.

[0043] The dry flash process is immediately followed by a wet cleaning operation. A wet
cleaning chemistry is identified by analyzing the characteristics of the polymer residue and the
20 dry flash chemistry defined by one or more of the respective parameters, as shown in operation
325. The identified wet cleaning chemistry is applied to the surface of the substrate 100 in a
controlled manner, as shown in operation 330. The wet cleaning chemistry is applied usiné
anyone of a cleaning tool such as proximity head, brush box, wet tank dip, or spray nozzle. The
wet cleaning chemistry further aids in the removal of the polymer residue without damaging the

25  features and the surrounding walls of the dielectric film layer. The method continues with

19



CLAIMS 1. A method for processing a substrate, conprising: et chi ng
a surface of the substrate using an etching chemstry in a plasma chanber
the etching configured to define one or nore features on the surface of the
substrate, the one or nore features having at |east sone etch polyner
residues as a result of the etching; termnating the etching with the
etching chem stry; after termnating the etching, applying a dry
chem stry into the plasnma chanber, the plasm chanber then bei ng powered

for a peppRslioaf33s] Wherh 28GLHYRE RySRAHE foats @GRS BAkdveHihe 1Gv-RMRtE t O

performa dry flash etch, during the dry flash etch, the plasma chanber is
set 10 ag|RWykf BBttt atuirtRY 1CeHP)O Fsbmﬁeﬁmlefaemioéﬁ 1478Rthat nfape dry

flash etch acting to weakén adhesion of the etch polynmer residues to'the

one or npf g)r&lg@fngfuﬁ§ barfi 2 g%er,c ??gﬁ%'eflﬂﬁlfvlgw fdf.é})?g A Hefind ﬁeﬁfl&%%ﬁteﬁ‘hm

chanmber and 1nto a wet eani ng, the uid cleaning

bei ng_ap d;@@blgﬁigi%%éig%lﬁﬁa%r BP0 & V'egé’t‘gaé rdaflitls @gﬂ@l %E‘ﬁfk%d@@e“ on,

wherein e residues™are re aring t cl'eaning. 2.

Th thed .of . claim.1 in the d ] [ I

T B el 5 01, ML SHE SO LRSIl e et RSB Yy 00
anmoni a, _ni troge throqen nﬁéhane, et hyl ene, carbon nonoxide, argon or
conbi nat e %é’?&?ﬂawg“ﬁh@e thod of ciaim1, wherein the fluid cleaning

utilizes chem stries that include hydrogen fluoride, amonium fluoride, or
conbi nations thereof. 4. The nethod of claim1, wherein the etch polyner

residues [dOQE]I ng?an%ggsa 5 u%{r]lg%g&taaslhgh Msh process and wet cleaning operation include usage
of a less complex wet cleaning chemistry, reduction in the cleaning time while producing a
10  substantial polymer free substrate and reduction in cost due to the usage of a less complex wet

cleaning chemistry.

[0045] Although the foregoing invention has been described in some detail for purposes of
clarity of unde.rstanding, it will be apparent that certain changes and modifications c¢an be

15  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.

20
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organi c conpound. 5. The nethod of claim1l, wherein the fluid cleaning is
performed using a proximty head, the proximty head applying the fluid to
the surface of the substrate, wherein the proximty head produces a

meni scus with the fluid, the nmeniscus defined by applying and renpving the
fluid through the proximty head, the renoving of the fluid entails
removing of the etch polyner residugg fipm the surface of the substrate.

6. A nethod for processing a substrate, conpri sing: etching a
surface of the substrate using an etching chem stry in a plasm chanber,

t he et thi ngAcosthodyfor pebck@ingafsubdraaneomprsingf € f eat.ures on the surface of the
substrate, the one .or nore fog?_}';%;l s having at | east sonme etch pol yner

resi dues as a reSGHPS Grusiis gjrate usingan efghing chemisy i plasgpa dhambete hi ng,

applyi ng a gheltdhb@itosfigi¥ed toldeihd\Gnetlrds8 fGRAGNGS the thiecPbASERBLSHAIDEL bei ng
powered for a period of tinme of between about 5 seconds and about 10

seconds to P¥ IR &caiiss havingiat letst pomeyetel Relymptesifyes bt atshulbelthe etchiogipl asma
chanmber is set tgﬁnw@%yggmm%mww%ﬁﬁ%mTorr and about 40 nilorr,
' hesion o

the dry flash etch acting to aken adt the etch pol ymer residues
to the one or no#feer fegminatiegthe givlling, applyingtardap slicaristiyrigtot the plsuhstimatber, tireom t he

pl asma cha t ani n ule fo | ui d..cl eani the fluid being
appl i ed ove g{%ae&é% EEF%%?%S”% fa?\%gég)gé%p ar dé?ff%ee&(}j rc%lw efeflﬁg%tétsg‘f?.nds "‘ﬂddThe
met hod of cdtgim Bsecodibreperfarhea diy Wlagthedh, sutityg the déy flasheah 656 plagnehdmPas

selected fromthe group consi sting essentially of rpon di oxi de, oxygen,
anmoni a, nilf’ts%td%ﬁ,loqﬁ% B, eﬁ’écfﬂg'?f@{t é”t‘njh?ﬂ‘ é‘ffg?b"&h%ﬁ‘a&o %S%Yofg‘,s}‘ gi°Bon or
conbi nat i Onﬁ:tihﬁlﬁj’ ©8ken adhesid6f MEQB@O%CELG@H{I&SQO Meejrﬂlc;r@f‘eaifu.lréﬂ ghacl eani ng
(utilfres chem stries that include hydrogen f]luoride, anmonium fluoride, or

‘conbi nati ons_t heP8HRe thegubstie frrm Misplasmachaphsrand iier erhclenehenks fpol yner
residues i nGlidleiRarfind Bl QAL TN ApHLAIIECHE 9@99@91& residues that have

weakened adhesion, whetein etch polymer residues are removed during the fluid cleaning.

2. The method of claim 1, wherein the dry chemistry is a low-pressure dry gas selected from
the group consisting essentially of carbon dioxide, oxygen, ammonia, nitrogen, hydrogen, methane,

ethylene, carbon monoxide, argon or combinations thereof.

3. The method of claim 1, wherein the fluid cleaning utilizes chemistries that include hydrogen

fluoride, ammonium fluotide, or combinations thereof.

4. ‘The method of claim 1, wherein the etch polymer residues include a carbon containing

organic compound.

5._ The method of claim 1, wherein the fluid cleaning is performed using a proximity head, the
proximity head applying the fluid to the surface of the substrate, wherein the proximity head
prbduces a meniscus with the fluid, the meniscus defined by applying and removing the fluid =~
through the proximity head, the removing of the fluid entails removing-of the etch polymer residues

from the surface of the substrate.
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10. The nmethod of claim®6, wherein the wet cleaning nodule includes a
proximty head for applying the fluid to the surface of the substrate,
wherein the proximty head produces a neniscus with the fluid, the neniscus
defined by applying and renoving the fluid through the proximty head, the
removing of the fluid acting to renove the etch polyner residues fromthe
surface of the substrate. 11.A nethod for processing a substrate,

conpri si ng: receiving a substrate in a plasm chanber after an
etching operation, the etching operation defining one or nore features on a
sur f acé. of - Aheetbud 8ir padcessirighesubdtel, agmpstigt t i ng i n deposition of etch

pol ynmer residues .oundﬁg’ue e or nore.features on the surface of the
substrat e; etg%% Vi SHg2E O(Cinl%’?e S@hﬁ?ﬁtes'fsﬂ%g e fRemisHE e PAsgrRaY
power i ng t hehepkakGfFarothaiiieio deihe 8nd@rhéd f@kurtd SO kubRE WEBR sabpite, BieSECONdS
and about 10 seconds to performa dry flash etch, the plasma_chanber set to

a pressure o€ ‘b‘éfl%é?f‘“gﬁﬁﬁ% AriFait PO atch pelmentssifeser 2 skl afthe kichingy f | ash
etch, the dry flaedh «&hethifg HeNehi @ 0RSHhiOR, Bfo &b Bla8hLE PhRYeY MRS

residues to the one or nore features on the surface of tﬁe substrate; and
per f or mi ng Blases chambanbaing pyearest foom pesyodegdpinyd af dpetwepe ebait Sardonds aiverost ry to
the surfaceq®f,, I .OX M hea erein.th roximty.
head produces eecl&trr% r%? g %Eé&l\g\% fgﬁltt%ﬂle&\?\}g tde%ﬁ%haﬁ gﬂaéﬁ gérj(rjlh’stp? ?{as%“h (éhanmg’ﬁ 1 8¢ts
defined by tppbryssng dibdrweemalviun§ ni Frer avet abohedhimgrrcthe diystasly echa@ingho t he

proximty headg, the re i ng,of . the cl eaning chem_stry actfing to renove
Phe et ch’ porgiks Esb A abtherbhemr cibact i ofsh Rp e it 15° The

met hod of claim &é]nsfdﬂﬁt@”tﬁi: BuHshfte Gioyn ﬁlh@[ﬁisfhﬁ ENanhlfer & i@&‘(‘c@d’aﬁﬁg‘ﬁ{cﬂtﬂmﬂr gas

(sel ected frﬁmt e .group_consi sting essentially of carbon_di oxide, oxygen,
ammoni a, ni ‘i“ﬁ(jg?ﬂm%a)'ilﬁﬁ' h@&ﬁﬁ#%%?et&wb&ﬂ&m@é?%ﬁs s aba e lasdrsidhn or
conbi nations thereof. 13. The nethod of claim 11, wherein the fluid

cleaning utilizes chem stries that include hydrogen fluoride, anmmonium
fluoride, ofbewathodaf rlairss,rtherdmthe drylchentg ivrloWdadesireslnpgansddacteddbemei n t he

etch pRLYIRE dhSidYeSschify YPEarBor G6R80 oIk Bnbhiida, A830) Gy GRTRO U ane,

ethylene, carbon monoxide, argon or combinations thereof.

8. The method of claim 6, wherein the fluid cleaning utilizes chemistries that include hydrogen

fluoride, ammonium fluotide, or combinations thereof.

9. ‘The method of claim 6, wherein the etch polymer residues include a catbon containing

organic compound.

10.  The method of claim 6, wherein the wet cleaning module includes a proximity head for

applying the fluid to the surface of the substrate, wherein the proximity head produces a meniscus

with the fluid, the meniscus defined by applying and removing the fluid through the proximity head,
_ the removing of lthe fluid ac‘ting'to remove the etch polymer residues from the surface of the

substrate.

11. A method for processing a substrate, comprising;
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receiving a substrate in a plasma chamber after an etching operation, the etching
opetation defining one or more features on a surface of the substrate, the etching resulting in
deposition of etch polymer residues around the one or more features on the surface of the
substrate;
applying a dry chemistry into the plasma chamber and powering the plasma chamber
- for a petiod of time of between about 5 seconds and about 10 seconds to perform a dry
‘flash etch, the plasma chamber set to a pressure of between about 5 mTorr and about 40
mTort during the dry flash etch, the dry flash etch acting to weaken adhesion of the etch
polymer residues to the one or more features on the surface of the substrate; and
performing a wet cleaning operation by applying a wet cleaning chemistry to the
surface of the substrate using a proximity head, wherein the proximity head produces a
meniscus with the wet cleaning chemistry, the meniscus defined by applying and removing
the wet cleaning chemistry through the proximity head, the removing of the wet cleaning

chemistry acting to remove the etch polymer residues from the surface of the substrate.
12.  The method of claim 11, wherein the dty chemistty is a low-pressute dry gas selected from

the group consisting essentially of carbon dioxide, oxygen, ammonia, nitrogen, hydrogen, methane,

ethylene, carbon monoxide, argon or combinations thereof.

13. The method of claim 11, wherein the fluid cleaning utilizes chemistries that include

hydrogen fluoride, ammonium fluoride, or combinations thereof.

14.  The method of claim 11, wherein the etch polymer residues include a carbon containing

organic compound.
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