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A NI TROUS OXI DE STRI PPI NG PROCESS FOR ORGANCSI LI CATE
GLASS RELATED APPPLI CATI ONS This patent application is
woeb@tsgtoro conmonl y assigned U.S. patent appl PCRIUS2004/032793
Ser. No. (Attorney Docket: 1054) entitled AN ETCH BACK
PROCESS USI NG NI TROUS OXI DE, by Rao Annapragada et
al., filed concurrently herewith and i ncorporated
herein by reference. BACKGROUND Field of Invention The
present invention relates to the stripping of a
photoresist. Mire particularly, the invention rel ates
to the stripping of a photoresist froman |IC structure
havi ng an organosilicate glass (OSG naterial.
Description of Related Art In sem conductor integrated
circuit (1C fabrication, devices such as conponent
transi stors are fornmed on a sem conductor wafer
substrate that is typically made of silicon. During

the fabricaf OGS OXIVE SERTPPING PROCES
depost tea On L S ont L S A 8 BT o s

patterned netallization lines, polysilicon transistor
gates and the |i ke which are insulated from one
another with dielectric materials. The dielectric

mat eri al s have bemt&g&ggﬁ APPFL%UA’PRBN@ pxi de,

Si C2, to insulaté con i've'Tines on various |ayers

This patent application is related to commonly assigned U.S. patent application
Ser. No. (Attorney Docket: 1054) entitled AN ETCH BACK PROCESS
USING NITROUS OXIDE, by Rao Annapragada et al., filed concurrently herewith
and incorporated herein by reference.

BACKGROUND
Field of Invention
The present invention relates to the stripping of a photoresist. More
particularly, the invention relates to the stripping of a photoresist from an IC structure

having an organosilicate glass (OSG) material.

Description of Related Art
In semiconductor integrated circuit (IC) fabrication, devices such as component
transistors are formed on a semiconductor wafer substrate that is typically made of

silicon. During the fabrication process, various materials are deposited on the
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of a sem conductor structure. As sen conduct or

circuits becone faster and nore conpact, operating
wonefasores i ncrease and the di stances bet weeRCTHS2004/032793

conductive lines within the sem conductor device

decrease. This introduces an increased |evel of

diffeseritllhyrgs gapater te@bald baldshied €Cr ChipicalWhicehdbds etiBfers may
drawback of sl ow ng the operation of the sem conduct or

. vice. Therefagre,. it.has becone inportant to u . .
incfyie afiepred i @riondioss eols SEn B el tates i i like which
i nsul ating conductive |ines against such increasing
are dmsiphtied dram pacianathee svith dietptide alatettidle. Thepli¢élegiric materials have
capacitance in an integrated circuit is directly
' | o fs jeleest r.i t .
boflf PRRA] 808 it e ST0% b inGRR P lyelfve Bhe? dvaious tayers
above, the dielectric layers in prior art integrated
of asemigondudtay sirgeturs. t As pemicpndoetor feineniis begorst Grstensridemore
has a dielectric constant of about 4.0. As a

co%,gﬁéﬁgﬁl‘f?% ﬁ%ﬂﬁ%ié%@?&%é BHd Itﬁ% ﬁisga(fﬁé% Bét%egn[ﬁe conductive

equenci es 1 n sem conduct or devi ces,
dielectric layers formed of SiO may not effectively

lingsjeithis the spmicandygtor idewiae deszeass. s infgodhees ayinareased level of
to avoid increased coupling capacitance |evels. One

coug)_@ihrlgi &?h_@itan_!@@ttﬁ thetiréliatwhish @k Me &99bark of sldWinls the operation
iellectric is organosilicate glass (0SG. OSGis a

owk.materjal, that gan be deposjted either by spin:qn .
of (17 SeisTIRGIEE deiiie. (TjfTetire BB YIS AR tp tBrdisTgetric
to 2.8. Porous OSG (p0SG can also be used for | owk
layeusphatcat icapable oY pffeetively inarlatisg oaddidiat dines ahamst ROBG
are applied using spin-on nmethods and with controll ed

. evaporation of the solvent
increasing coup?mg capacitances.

In general, the coupling capacitance in an integrated circuit is directly
proportional to the dielectric constant, k, of the material used to form the dielectric
layers. As noted above, the dielectric layers in prior art integrated circuits have
traditionally been formed of SiO,, which has a dielectric constant of about 4.0. As a
consequence of the increasing line densities and operating frequencies in
semiconductor devices, dielectric layers formed of SiO, may not effectively insulate
the conductive lines to the extent required to avoid increased coupling capacitance
levels.

One particular material that is being used as a low-k dielectric is organosilicate

glass (OSG). OSG is a low-k material that can be deposited either by spin-on or CVD
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providing the desired pore structure. Typically, |owk
materials are incorporated into | fabrication using a
woappasssiral damascene process. A dual danasceReT/US2004/032793
structure enploys an etching process that creates
trenches for |lines and holes for vias. The vias and
c et l.i f i
e e D R e P B R 2o B O Tp0SG) can
referred to as a via first sequence and a trench first
alscg@fa yegekfor lpw-lﬁ, applcations rdiyRisadly, pagous mpaisrials such as pOSG are
phot oresist is stripped or renoved using well known

applied Wing $pigonsethods afd Y cdridollePevepdPititit dOthe @blvent
ni trogen and oxygen (N2/ 2), a conbination of nitrogen

and hydrogen (N H or ammonia (NH3). Each of these
Pm&]&g’%%ﬁlﬁg%é‘?d e SIS act s negatively to an |

structure having an organosilicate glass (0SG

di el'gritaliy.lowelk nexerigls ere inkorpusated fintoxXyO &bricatipn msingescopper

the k value of the OSG dielectric. The etch rate for

' d Ry H I xture. | .
duef QiR n RAD B RSty s Mty o Eihingoprocess that
that causes OSG faceting. Furthernore, the use of
creaasinenehgsNiar Jingagnd belesttor wiaparliheolias gahtrenchesrare amsmetallized
each of these well known gases or gas m xture has an
. " tad o esi
to (BB, BER B PhlrR N g el n RuBB R REh & schemes are
met hod of stripping an integrated circuit (1C)
refegred ot %%Vﬁaﬁﬁsgge%ep%ﬂm adfeachfgskyaqueneid an
organosilicate glass (OSG naterial is described. The
et InqsH GOFPhieBiesds! fRMrBaNR pHot61RYSt WYtHBpédNofDensRfed using well
m xture into a reactor, generating a

known gas mixtures such as oxygen (O,), a combination of nitrogen and oxygen
(N,/O,), a combination of nitrogen and hydrogen (N,/H,), or ammonia (NH;). Each of
these gases or gas mixtures reacts negatively to an IC structure having an
organosilicate glass (OSG) dielectric. For example, the use of oxygen (O,) raises the
k value of the OSG dielectric. The etch rate for the nitrogen and hydrogen (N,/H,) gas
mixture is relatively low and has relatively high power demands that causes OSG
faceting. Furthermore, the use of ammonia (NH3) may result in particle generation.
Thus, each of these well known gases or gas mixture has an associated limitation

when stripping a photoresist from an IC structure with OSG materials.
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plasma in the reactor and stripping the photoresist.

The stripping process provides a high selectivity
woebtoswassor he phot oresi st and the OSG nmat eri al . pCW/USh®4/032793

illustrative enbodi nent, the photoresist is an organic

photoresi st. The nmethod permts the stripping of the

phot oresi st and ot her suGUMIMARY material to be

performed in the same reactor used for etching the OSG

glra] é&%&go& Bﬁgﬁrﬁlgg %pcféftegiarge%g lgl}:ﬁgg) sgﬂf %wg%gvmga%l Photoresist

damascene process. In the illustrative enbodi nent, the
material ppd ag opgamssicaits ghapp(O8G) teatarial isldesenitaxd. VEhe method
integrated circuit (1C structure that includes a

corbpty BRI EP T I Oy SRS OB B LRI, LaBfne o

illustrative enbodi ment, the nethod feeds nitrous
plasmp die thenreaytorand sirippiag tles photopesisind hesstrippinggsaessapeavides a
and the photoresist is stripped fromthe IC structure.

hlgﬁr%@fe%tlklgt?r %eﬂ’v@éh e gﬂfg)%r&ﬂsb’ a8 Gl ksteial Sin the illustrative

hot or e I ayer the second internedi ate [ayer.
there is a high_selectivi

ition | et en the
cm ﬁ) lﬁefﬁéﬂg otqresisy @f&orgﬁ@lcmh@t%?ﬁ% 7&‘@‘4 he

nmethod is applied to a via first etch sequence |n

strippinglofth¥ tphot(ﬁ'eﬁbﬁétﬁﬁoﬂhef Suchorigeni! kil o WO pEdoih€d in the
second in medi ate layer is a cap | ayer. The

samg ARt R o ebingdne Qi fia kit e eaBiEek s figpine the

t hephot oresi st | ayer. By way of exarrpl e and not of
phdtordsisais oie of hglurhlityssf siepsvgeranmddagharing 8 daabddrhasaene process.
and oxygen containing material such as Silicon D oxide

v o 3o AR I st por s PPl ah usteaive

integrated circuit (IC) structure that includes a first photoresist layer, a second
intermediate layer, and a third organosilicate glass (OSG) layer. In the illustrative
embodiment, the method feeds nitrous oxide (N,O) into a reactor. A plasma is then
generated and the photoresist is stripped from the IC structure. There is a high
selectivity between the first photoresist layer and the second intermediate layer.
Additionally, there is a high selectivity between the first photoresist layer and the third
OSG layer.

The method is applied to a via first etch sequence in which a via is etched into
an IC structure where the second intermediate layer is a cap layer. The illustrative cap

layer is configured to provide protection to the OSG layer during the reworking of the
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illustrative | structure. The nmethod then proceeds to

apply an antireflective coating (ARC) or bottom
wanvisragdoect i ve coating (BARC) that fills the yCaustoo4/032793

the illustrative IC structure. A N Ogas mxture is

then applied to etch back the ARC or BARC and results

photoregéstdayati By way of graxnplerdndondtaodilingitatien, dks ilhestrative cap layer is
hei ght within the via. Thus, in the illustrative | C

o PG o) SRR oA FE 85506 B A IS Rl  Scon

trench into the second cap | ayer and the third OSG
Oxyaipade (FIOW)O Fas ilhistative visfitsh encthed incudes ¢tehingacviarinto the
and generates a plasma that strips the photoresist

illus@Y ﬁ{re A04irh 8GO Q“ﬁ ctRbdthen C@%c@?&sﬁS%gWa%ﬁ&}e@?gtwe coating

app to a trenc |rst et sequenc
second internediate layer is a hard

(ARF) 6% hatirm aptireHeetivy coatime(BARR) ﬂwi éilhatha maf th@ylalustratlve IC

may be conposed of such materials as Silicon Nitride

strt(o‘ﬁlreNANz %s’iﬂrl%&hi’@ {s'the€ a ﬁ}(?li’é‘@ to ith BAEAMRIC EBARC and
(TiN), and Silicon Carbide (Si C) Usi ng the trench

ttern in.the first otoreS| atrench js
resBits Heaeheting W oL BlUschviyeass i QiR s ryidg the via. Thus, in
photoresist layer is then stripped with the N O gas

therilluétuative ISstienrd, idisbroahiy plugScstiples ygortibabf kse third 0SG
patterned for via etchi ng I's appl ied. Avia |s then

oS 05 5 RIS ol and e

antireflective coating (ARC) or bottom anti refI ective
thicl@BGnlgy ¢BARDY,Q kat nfikturs ist then Yedingb thdreeaictdriasidr gemicveses a
| C structure. As described for the via firstetch, the

e e

hawTﬂg rr}etgfocij r?lsélyrael}sdo Qee Iaggltledv%ot 2{1 ‘érgnéhhf%rs\’é Ie?ch stésc’lluggcet Elewhlch the
second intermediate layer is a hardmask layer. By way of example and not of
limitation, the hardmask layer may be composed of such materials as Silicon Nitride
(Si3Ny), Tantalum Nitride (TaN), Titanium Nitride (TiN), and Silicon Carbide (SiC).
Using the trench pattern in the first photoresist layer, a trench is etched into the second
hardmask layer. The first photoresist layer is then stripped with the N,O gas mixture.
Another first photoresist layer that is patterned for via etching is applied. A via is then
etched into the second hardmask layer, and the third OSG layer. The method then

proceeds to apply an antireflective coating (ARC) or bottom antireflective coating

(BARC) that fills the via of the illustrative IC structure. As described for the via first
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previously etched trench pattern in the second
hardmask | ayer, the third OSG | ayer is then trench
webkaeisadssdA N O gas mi xture is then used to renmpeE/USh®4/032793
organi ¢ plug. BRI EF DESCRI PTI ONOF THE DRAW NGS
Illustrative enbodi nents of the present invention are
. . y |
ctcfl N e P R RERADH R BYPADIN BIARC 5t BARC!d rosult
. photoresist froman _|IC structure_ having a_photoresist
in gengestingran eigamsdlrg pavingthe desired height Bidwathe vigr Using the
- stripping photoresist in a via first dual damascene
preRIRBRSSchéd Fench pattirA YA thé$&eodtl HabdABsk RYBE YRS thivd O8G layer is
of the via etch and strip sequence of thé flowchart in
FIG 2. FI 4 1s a flowhart, for strippin )
thepngh Esher: N0y fis BRIRS 8 thef, HieiHarRECa R dhe pEzsaig lug,
FIG B5A through FIG5J is an isometric viewof the
trench etch and strip sequence of the flowchart in
FI G 4. DETAI LED DESCRIPTION In the follow ng detail ed

i avi ngs, WRRIRH DENGRIBTTON QOO THIEHRKRVERER,

shown by specific enbodi nents. These enbodi ments are
desBlustretivé emboflimeits of thtepmisénttioventail arctshosm isnkthe | ed
inthe art to practice the invention, and it is to be

acdORBhSR0satiAls YhB&kn.embodi ment s may be

FIG. 1 is an illustrative apparatus capable of removing a photoresist from an IC

structure having a photoresist layer and an OSG layer.

FIG. 2 is a flowchart for stripping photoresist in a via first dual damascene
process.

FIG. 3A through FIG. 3H is an isometric view of the via etch and strip
sequence of the flowchart in FIG. 2.

FIG. 4 is a flowchart for stripping photoresist in a trench first dual damascene
process.

FIG. 5A through FIG. 5J is an isometric view of the trench etch and strip

sequence of the flowchart in FIG. 4.
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utilized and that structural, |ogical and electrica

changes may be nmade wi thout departing fromthe spirit
wandsacgye of the clainms. The foll ow ng det ai | dT/US2004/032793

description is, therefore, not to be taken in a

limted sense. Note, the leading digit(s) of the

ref erence nurrbers [ rﬁ EEWWE@CRT%T?@WM to the

f| gure nunber , e exception i denti cal

one vvhc appear in multiple figures are
i de thei @OWI& E@tasls es I fefCrRnes df Madede dhe aerprapanying
FIG 1 there is shown an illustrative systemfor

dratih g pvigh Ibeh arpRsi Bérebf, @dan wiick i sHovi By Bpydifig eddbodiments.
OSG layer. The il ust rative system is also configure

T B e i e S b S i e

system 100 such as a 200 nm EXELAN HPT system
to praaiitetieantendion, amd Resdabehindergioodthia oti{drambddiments may be
Frenont, California. Additionally, other syst ens from

utl]l:l:%ééa SyS aﬁal{.) ﬁra&]?ﬁg@é agg %}1 ar%rlrtl)%a? %HH@@S%% b gr[l e ri Ojl’thOUt

102 mai ntai ned at a desired vacuum pressure
deppatng fqs s spout @J@dm@mee@f the clpimsuf @thﬂlﬁ“angvdbtaﬂ@ﬂ description

the reactor. Etching gas can be supplied to the plasm

is, THRACAOPE, N BPbY tlendaS: iU 98seS U[’Wt the @eadﬁlgﬁ%t@ of the

density pl asma can be generated in t ie react

dual frequen rrangenment wherein RE energy from RF
refeisnee au fﬁ lél & ppeires corpaid & tha e hgimeenoyikh the exception
a powered el ectrode 12. The RF source 108 is

tha€ Q¥ntigsr aﬁnp@@wwcﬂ%g;pfaw mifltiglé fidirean@ idbhified by the same
e

El ectrode 4 is a groun el ectrode. A substrate 6 15

upporte the powered electrode 2 and is etched
refGRPO RERE Ry ped

Referring to FIG. 1 there is shown an illustrative system for stripping
photoresist from an IC structure having an OSG layer. The illustrative system is also
configure to perform hard mask etching, and dielectric etching. The illustrative
system is a parallel plate plasma system 100 such as a 200 mm EXELAN HPT system
available from Lam Research Corporation (Lam) from Fremont, California.
Additionally, other systems from Lam such as the EXELAN 2300 series may‘ also be
used. The system 100 includes a chamber having an interior 102 maintained at a
desired vacuum pressure by a vacuum pump 104 connected to an outlet in a wall of
the reactor. Etching gas can be supplied to the plasma reactor supplying gas from gas

supply 106. A medium density plasma can be generated in the reactor by a dual
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with plasma generated by energizing the gasses into a
pl asma state. Ot her capacitively coupled reactors can
wabhem/bgInsed such as reactors where RF power PET/US2004/032793
supplied to both el ectrodes such as the dual frequency
pl asma etch reactor described in commonly owned U. S.
fre arMihgefeR® WihdBdn RINendto§ T8 Wt s@irc¥ 08 s gpplied through
ﬁg‘??lg]; incgorporat ed by reference. Alternativel y®1% he ougha
lLasma can produced i.n_vari ous other_types o )
ma&*ﬁ%&ﬁﬂ%@ﬁﬁ&w@e&%wr@é eleptende; Hay cths )ﬁoé‘&?p{(&lls configured
pl asma reactor, an el ectron-cyclotron resonance (ECR)

to ippdy R pevedraat,2 7aMie arebPMHASBRectedetlqd.is @rgroieddd deetrode. A
Such plasma reactors typically have energy sources

sutfafeil ! By looPREL Y O RAGFRRTN 1% ARG kb fioa andvor sripped

_plasma. For instance, a high density plasma could be
withrpdasmea generatedTryaersdrgizineg theogasbesdnk aphesnet sthter daidieo capacitively
avai |l abl e from Lam Research Corporation which is also

00@2{;& Ehcidts ot Efsg B’egﬁs%éﬁics%ff la§ %aﬁét&% 'Wh%r? g\fl\% ﬂgwgr js supplied to both

erring to ere i s shown a
stri ppi n% a ﬁhotor esist in a via first dual damascene
clegiredessuichmsdhe dpalsirequangs plasma etghreacion described im commonly
first organic photoresist |ayer, a second internediate

owh@y €1.8. gatem' N6, 6850 38MEthe @ P&&Q}Nfﬂﬁcﬁ@% ﬁbél%[)yliﬁd&[)orated by

By way of exanple and nhot o Imtation,

hot oresi st | ayer is an organi cphotoresi st such as the
refQt§8Ce-un phot or esi st or 248 n photoresist from the

Shi pl ey Conpany. The illustrative second internedi ate

Ao plsponyseadda-gytan Sl o s
realfbls (r)et:flglerred to as inductively coupled plasma reactor, an electron-cyclotron
resonance (ECR) plasma reactor, a helicon plasma reactor, or the like. Such plasma
reactors typically have energy sources which use RF energy, microwave energy,
magnetic fields, etc. to produce a medium to high density plasma. For instance, a high
density plasma could be produced in a Transformer Coupled Plasma etch reactor
available from Lam Research Corporation which is also called an inductively coupled
plasma reactor.

Referring to FIG. 2 there is shown a flowchart for stripping a photoresist in a
via first dual damascene process. The illustrative IC structure includes a first organic

photoresist layer, a second intermediate layer, a third OSG layer, and a fourth barrier

layer. By way of example and not of limitation, the photoresist layer is an organic



10

15

20

such silicon and oxygen containing materials. The cap
| ayer provides protection to the OSG | ayer during the
woewsrosssey of the photoresist |ayer. The thirdpCagpseoous32793
an OSG | ayer and may include materials such as
CORAL(tm from Novel | us Systens of San Jose,
phdfatesisosttiaas thiedl BlLAGHotAbERDHt 248 nonplistprdséd from the Shipley
Materials of Santa Clara, California, or any other

CoiyciThe b Risdes g AR ke Atk 10ipmagued of such

material may al so be a porous OSG (pOSG material. By
capamytenialeasaBipicon dvigxivst (SoD,), Siticoet (i)nyu;tttmthe(&x@@ nagi any other
have a v0| d space of greater than 30% The

sucé[aslrﬂ% gééaﬁlués&lg%lﬁg{g{ th&lerfafy € hd Say ( %&@ﬁlﬁftﬂ'l&’ésl ﬁ‘d’f&tlon to the

Icon nitride
car bi de (Sl G, or any other such silicon based
Galaper dyringr e tesvarking ofdhe phptesesistdeyer: ot thihlayeniman OSG
copper diffusion. The flowhart in FIG 2 describes

1ay&ﬂ1athﬁta9%tclaa@ ntaﬁémﬂ@ sheH B CORAYM ffdh NowriIRE Systems of San
sequenceln aviais etched into the IC

Jost afilorize iy hieégﬁsﬁfm@ﬁfﬁg%%ﬁéﬁé%“ i 29531 Clare,

which the I1C structure is positioned in the

Caliifdrbia bakhy 6tHeg 86100 SMthatdiduds.| B delitioreilly; & shalllbedgpreciated by
Vi a patterned phot or esi st | ayer. Those skilled in the

art t the ener on of a
thoft b DR in P B S HhE st i SldERE bt Ryl osc eosa)
phot ol i t hography on the first photoresist layer. As is
mateeial. Byoweay ofiexdrepkerand mpitof dimitdtomgy, dphpOS€emay Havglatvoid space
sensitive photoresist that is baked and exposed to a

o G5 P01 e A v T IIPISRES LAY & o arior
ma&zegfaﬂs?a&%c;n;pgélﬁg%glﬁ\ﬂ; Osﬂtlctl)?l c?a?lgl%gd(s(l:g)p olr %¥1§ rothe?ns?lcltl rgleilcon
based material. The barrier layer provides protection from copper diffusion.

The flowchart in FIG. 2 describes the method 200 for performing a via first
etch sequence in which a via is etched into the IC structure where the second
intermediate layer is a cap layer. The method is initiated at process block 202 in
which the IC structure is positioned in the illustrative reactor 100. The IC structure
includes a via patterned photoresist layer. Those skilled in the art shall appreciate that
the generation of a patterned via or trench presumes completing the photolithography

on the first photoresist layer. As is well known in the art, photolithography uses a

light sensitive photoresist that is baked and exposed to a controlled light source. The
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The via is etched up to the barrier |ayer. At bl ock

206, N Ois added to the reaction chanber and a pl asna
woo@maeat ed. I n a rather broad enbodi nent, thReTnamnya/032793

for the processing paraneters nay be practiced at

operating pressures of 10 - 1000 mrlorr, at power

lightaegess thfouplt @ retlO Wk oransferptbheatesirad gpatierodN O f 1 ow
rates of 50 - 2000 seem In a |ess broad enbodi nent

oA T B AR o RLPR e BRRE Al B8 tver

paranmeters may be Era'cti ced at operating pressures of
Theovia iseohedropito tla bareer laye0.0 Anbiek 206, W30 RFaditeddo thateaction
50 - 600 Wfor 2 MHz RF power, and at N O flow rates

o g s PPrATE BinaisBy IRATAIE 0N EARafiTER:, Hkanse for he

range for the processing paraneters may be practiced
progessip®patameiers g be practiced ebopastingpsessurestoflfo- 100@mTorr, at
Wfor 27 Mz RF power, at 100 - 200 Wfor 2 Mz RF

poReMRInge2BH0 36 1000 W BWRFRPer ind BON, OXGWTERT S 50 — 2000 scem.
Additronally, an inert gas may be uséd as a dil uent

fqr each,of .t he enbodi.nen descri bed. By way o
In a,l555ead sEbaskmERt Baving ARTHROUER sonﬁgvﬁedgtassuﬁa[v RF power at 27
i ncl ude nobl es gases such as Argon, Helium Neon,

M yid 9 MHBarst n{eey) thdfipige er thegaseemingdpardareert tay be practiced at
control uniformty during the renoval of the

op AR b s s Baap R midesta Tohe b0 Y EDSET e R pgver. at 50 -
100 is shown in Table 1. 10Table 1. Illustrative
60PVO fasz Midr Rfepewer, and at N,O flow rates of 200 — 1500 scem. In an even
less broad embodiment that is applied to a 200 mm wafer or substrate, the range for
the processing parameters may be practiced at operating pressures of 100 — 350
mTorr, at 100 — 200 W for 27 MHz RF power, at 100 —200 W for 2 MHz RF power,
and at N,O flow rates of 300 — 900 sccm. Additionally, an inert gas may be used as a
diluent for each of the embodiments described. By way of example and not of
limitation, the inert gas may include nobles gases such as Argon, Helium, Neon,
Krypton, and Xeon. The inert gas may be used to control uniformity during the
removal of the photoresist.

A plurality of different process parameters for adding N,O to the illustrative

system 100 is shown in Table 1.

10
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For Stripping Photoresist with N O Run # Pressure 2
MHz 2 MHz N O Phot oresi st (niforr) RF Power RF Power
woehowoBswe Strip Rate (W (W (seem) (A mn) 1r85WS1®@032793

100 900 2960 2 100 100 100 300 3451 3 100 100 200 900
4655 4 100 200 100 900 4857 5 225 150 150 600 5628 6
350 200 100 300 5779 7 350 100 200 300 6091 8 100 200
200 300 6735 9 350 200 200 900 7895 In Table 1, the
process paraneters for a nupb of different "runs"”
are shown. ThJ?Wﬁé-v@P@“ﬁ?&‘?ﬁé%%Raﬁa%@rmn waf er
at 20 C. Duri ng Reac$tripping fthotoresistrwithpfer and N O
flow rate are adjusted. The resulting photoresi st

R%lfl LD T at eplosgipBOWn &y rar 3 éOT Tabhe,ot- 1 photoresist
shal'l be a‘{)rgiecbvat ed yPt 0se s[gg ed in thg.alket 1_a$ - Rat
t he opt i ma¥™ 1 PO r at BS N gt i'dS 8t he i us? Fati vHIP Rate
gas nmixture of Table 1(WAy change(Wependi ndSSH™ he| (A/min)
t ype of 350 100 100 900 2960

2 100 & 100 100 300 3451

3 100 100 200 900 4655

4 100 200 100 900 4857

5 225 150 150 600 5628

6 350 200 100 300 5779

7 350 100 200 300 6091

8 100 200 200 300 6735

9 350 200 200 900 7895

In Table 1, the process parameters for a number of different “runs” are shown. The
runs were performed on a 200 mm wafer at 20°C. During each run the pressure,
power and N,O flow rate are adjusted. The resulting photoresist strip rate is shown at
the far right of Table 1.

It shall be appreciated by those skilled in the art that the optimal flow rates and
ratios for the illustrative gas mixture of Table 1 may change depending on the type of
plasma etch chamber, the substrate size, and other such variables that are well known
to those skilled in the art. Furthermore, it shall also be appreciated by those of
ordinary skill in the art that the selection of temperatures, power level, and gas
pressures used in practicing the present invention can vary widely and that those
specified herein are give by way of example, and not as a limitation.

At block 208, the plasma strips the photoresist from the structure and generates
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pl asma etch chanber, the substrate size, and other

such vari ables that are well known to those skilled in
woOhersass2 Furt hernore, it shall al so be apprecparas2iy/032793

those of ordinary skill in the art that the sel ection

of tenperatures, power |evel, and gas pressures used

avélﬁ%@lﬁpﬁf&fﬁlgg%ﬁéglgaesgfa?l G dﬁhdéfpg(—fe{]@ Ig(?l‘\r})di‘gf)é’es\%fq@#ﬂbving the
exanpl e, and not as_a |imtation. At bl ock 208, the
pho(wr&glﬁﬁ itisracperallyedasirablsrtegichievedughermhoseresist sirip tafeg without

generates l1lla vol atil e by-product such as carbon

danstgirg 6 OSQ layef OThéeiHaIE %leéﬂ@bé’@e@ﬁ@he first photoresist layer
photoreS|st |t i s general desirable to achieve

o B B 5 R R BN BSRALAS e e

first photoresist layer and the second cap | ayer.
photoidsist uyat hryd tHelhthird @SGaapérgh sel ectivity between the
first photoresist layer and the third OSG | ayer. The

R A Tt

preserve the barrier |ayer duri n% the trench etch
usefrtopesvent Ala faceieg sndlopicsen@, the barrisrdayiradyinggthiesrench etch
generated by applying an organic material using an

pro%ﬁa %ﬁ%ﬁ?égé'tﬁg%lé SE6hg lé‘f%a Pﬂﬁﬁs(gen@f%ﬁ‘éﬁ’iﬁ aBPHif¥hn organic

on or gani
antireflective coating (ARC) or a bott om
matgnia] PENE @Btargenic sRIN-AY teehmETie. Byiavayl efisepnle gad not of limitation,
organi ¢ ARC and/ or BARC is designed to absorb Iight.

the %tr%ag{lg ?@d}%f(l)ﬂldg I‘a‘dg aﬁﬁ?eﬂé\!ti@e'o‘éaﬁﬁg AR drhebottdi ahtirdfletEive
gt

coating (BARC). The illustrative organic ARC and/or BARC is designed to absorb

light.

At process block 212, N,O is added to the illustrative reactor 100 using the
illustrative process parameters described above. At block 214, the N,O gas is
energized and the BARC or organic material is etched back to produce the desired
“organic plug”. By way of example and not of limitation, the organic plug has a plug
height that is either equal to the desired trench height, or exceeds the desired trench
height. The plug height needs to be of sufficient height to prevent fence formation
and to prevent via faceting. A more detailed discussion about the method for

generating an organic plug is described in further detail in the patent application titled

“AN ETCH BACK PROCESS USING NITROUS OXIDE” which is being filed
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illustrative process paraneters descri bed above. At

bl ock 214, the N O gas is energized and the BARC or
wongsnsgsopat eri al is etched back to produce thectuaseoaed32793

"organic plug". By way of exanple and not of

limtation, the organic plug has a plug height that is

corRiutfRatly d@tlith and Riste & H&@'b#] [r%&?ﬁb&%dggl ref@engX ceeds
the desired trench hei ght. e pl'ug hei ght needs to be

or cOb hloci3% arainPh photariRisderaiin APl LoriehoBreatidh patterned

the nmethod for generating an organic plug is described

forithe fran¢thetchdeg@ércei Mhehaethdahen %ﬁﬂieéd@td block 21 B4 wiibth a
ETCH BACK PROCESS USI NG NI TROUS OXI DE" which is being

el RSB P DB LA Rtk 20,0

. photoresist layer is applied. The photoresist is
is againt applied Using thiegproeess paraneterséepoebed abdve Aeblukt 222, the N,O
then proceeds to block 2 in which a trench is etched

s PSR BEPLPRE (OOl e RO BBl
parameters described above. At bl ock 222, the NOis
enetgpseedrillahingarbhayiggihe bpnefd ofithist disclpsiseshelliappreciate that

| ayer are both renoved. Those skilled in art having

the héth 6@ Aeddribe@labolE peftht§ HRSHFBpRAG L thR PROEGL&SEEL! Igbfaf)erfonned in

t he met hod descri béed above permts the stripping o

t he photoresist t e tformed in the same reactor .
the spme TractL gt fsgpse tfgﬁﬁ 14&@%@%@&%@@@ HhedOBkelayer. This
OSG layer. This results in greatly reducing cycle tine

reswlss inhgeetly sedweinpegtlé tintd &NGERY istrdvenowdltertrdndferRé Beifer to
reaction chanmber for stripping. Additionally, since

anotl r\égcftleorn Hant uekl)‘%rr sattri%phr?g. Additionally, since the wafer or substrate is

not exposed to ambient moisture, any polymers generated during etching that were
difficult to remove due to exposure to ambient moisture, can now be more easily
removed in the subsequent strip/clean processes. Further still, in-situ strip also
reduces the need to perform a waferless auto clean to remove polymers deposited on
the chamber walls from the etch process. Furthermore, it shall be appreciated by those
skilled in the art having the benefit of this disclosure that the systems and methods
described in this specification may be used in ex-situ applications.

Referring to Table 2, there is shown the N,O strip process being compared to a
variety of other commonly used stripping gasses or gas mixtures. By way of example

and not of limitation, the other gases or gas mixtures include ammonia (NHs), oxygen
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not exposed to anbi ent noi sture, any pol yners
generated during etching that were difficult to renove
wduaeostoassxposure to ambi ent noi sture, can now BPETMISR®@4/032793
easily renoved in the subsequent strip/clean
processes. Further still, in-situ strip also reduces
(021) h&mﬁﬁqlﬁr@g&?éﬁ&w&&g\éﬁf@g} H?Sb :%%B(tﬁllee Autif ﬂ?é%&ﬁ%anson of

ol yners dep03|ted on the ch I's fromThe etc

thegr@ggqeszﬁf«‘q)yfrlilqrrth ags rlﬁlaf\l;lf ec? ﬁTeT Iggﬁw%&%ﬁ%tgafeger%as used to detect

di scl osure that the systens and net hods described in

chainlges irs g Hlildst@tive IS Gayatbhali skst the cexpakison, a blanket CORAL™
applications. Referring to Table 2, there is shown the

waltrRndsyB BOfE SRR R GA IR, "Guini s S 1]

of exanple and not of limtation, the other gases or
CORAL Y xtaferewas expasdd tanfiedicat gm&seg to detggaimeldaggs inathe ratio of
the nitrogen and hydrogen (N / gas mixture. During the

e KR AP AP SRR pLAGIFERA YR e 05

an illustrative OSG naterial. For the conparison, a
matsirighk et CORAL(tm) wafer was used as the illustrative

OSG material. During the experi ment t he

CORAL(t m waf er 7ypge gx ahgoﬁ’ g sees to

det erm ne chg%%lps |n at| o eak to the
Si O peak. Th OF'n?ﬁ‘ Hfges to

the OSG naterij al Tabl e Corrparl son of V ri ous Gases
Stasi pp| ddow Rateot oPesiwe fir AMMBz20SG 28Hr | Strip Rate | Change in
Mixture (sccm) (mTorr) | RF Power | RF Power | (A/min) | SiC/SiO
(W) (W) Ratio
N,O 300 350 200 100 5779 1.8 %
NH; 1500 350 600 0 5470 2.5%
0O, 1000 330 200 100 10595 4.1%
No/H, | 1900 (Ny) 470 400 400 4150 5.0%
600 (H,)

Table 2 shows that the N,O results in the lowest change in the SiC/SiO ratio which
indicates that the OSG material is affected least by the N,O stripping. Notice that the
N,O a strip rate is comparable to the NHj strip rate, however N,O stripping operates
with significantly lower power demands than NHj stripping. Additionally, N,O
stripping may avoid the particle generation associated with NHj stripping.

Furthermore as shown in Table 2, the N,O stripping process is a milder oxidant than
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Gas Flow Rate Pressure 2 MHz 2 MHz Strip Rate Change

in Mxture (seenm) (nTorr) RF Power RF Power (A/mn)
weWsBEIEW (W Ratio N O 300 350 200 100 5779Ctul20¥4/032793

NH 1500 350 600 0 5470 2.5% O 1000 330 200 100 10595

4.1% N/ 1900 (N ) 470 400 400 4150 5.0% 600 (H)

O, Tahitie resustd aMSess DRId4tvR Y the IOSG Inhtetifl. tNes|Xi@ion of the OSG
change in the SiC SiOratio which indicates that the

maf{al fadesiiabls hicsesRidBhion §angs Bk Valuhok e DS Bl

N strip rate, however N O stripping operates wth
si gReferriagttd F1IGo3Ar thpawgr Fide i dsert hashdWh ahisdapetnig. view of the
Additionally, N O stripping may avoid the particle

T T R T

. mlder oxidant than 140 which results in |ess
vievxoeiinstodtiven S98G e heniing a flrsiserganicdatidtoresist 30Rea second
OSG material is desirable because oxidation raises the

int éﬂhé’cﬁ c%f) (151}“% ﬁ@?% ?lg}(? ?Sglri] Fa\klfneﬁgf)sr ind'g {(Slﬁﬂfbg‘rlé/l\?yer 308. As

oug isone

via etch and strip sequence of the flowchart in
deSFrléed aboyg,ghe slusirqgive &ﬁ SiRiehie s positienedin thedllustrative reactor
illustrative | structure having a first organic

10RhPIGr 3B ishbw3 We ilRisEAEPEIC structure after performing the via first etch in
process 204 where the via 310 is etched into the second cap layer 304 and the third |
OSG layer 306.

In FIG. 3C there is shown the illustrative IC structure after having added the
N,O from process 206, and stripping the photoresist layer 302 from process 308. The
remaining IC structure includes inter alia the visible cap layer 304 and the via 310.

Referring to FIG. 3D there is shown the illustrative IC structure after adding an
organic material such as BARC 312 as described in process block 210. In FIG. 3E, an
organic plug 314 is shown within the via 310. The organic plug 314 is generated by
applying N,O and then etching back the organic plug 314 as described in block 212
and block 214. In FIG. 3F, the IC structure is shown after adding a layer of
photoresist 316 as described in block 216. The photoresist 316 is patterned for trench
etching.

The trench 318 is then etched as shown in FIG. 3G according to the trench etch
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internedi ate cap | ayer 304, a third OSG | ayer 306, and

a fourth barrier |ayer 308. As described above, the
woOkbosassari ve |1 C structure is positioned in thecT/us2004/032793

illustrative reactor 100. FIG 3B shows the

illustrative I1C structure after performng the via

protéss 1 8et i irendH IEEBSctdhkd inketife ddeend icé?1 Dayies afill ghethird OSG
into the second cap |ayer 304 and the third OSG | ayer

30 In FIG 3C there i ho the Llustrativ
layedy - The Gheanis e Ry e HEHENR OB Yo AL the 1C
and stripping the photoresist |ayer 302 from process
strug@fie iTbisowe mitien stnipping tierphotoresist aed thbesrganicglughismg the N,O
the visible cap layer 304 and the via 310. Referring

strié r&!e?s dgng}:e "ifi H&(Z(I:lf@ﬁ’(y\@n& Bfockldosstrative |1C

ructure a ra ng a organi¢c nmaterial such as BARC
2 as described in process block 210. In FIG 3E, an
or Jashall pe @gpmciagei hp irosgi aftardinare skillanibe anthavingythei kenefit of
plug 4 is generated by applying N O and then etching

i SphY ORS00 ;g o DRGSR e
addi ng a | ayer of photoresist.6 as described in block .
perforgiedndhp rame reagtat used; for plehing thedphaspresist arghthe OSG material.

etching. The trench 8 is then etched as shown in FIG

Th3keRERS be befotAird e lstripisifg @ha Riching pER%Ss Ailthe shife reaction

trench 8 is etched into the second cap | ayer and the
ani ?

e B L At The L5 P TS w1 g e benet
shown after stripping the photoresist and the organic

of thisudis¢iesurg shhH appreciate that the systems and methods described in this

specification may be used in ex-situ applications.

Referring to FIG. 4 there is shown a flowchart for a method of stripping a
photoresist in a trench first dual damascene process. The photoresist is applied to an
IC structure that includes an OSG layer. The illustrative IC structure includes a first
organic photoresist layer, a second intermediate layer, a third OSG layer, and a fourth
barrier layer. The photoresist layer is an organic photoresist as described above. The
illustrative second intermediate layer is a hardmask layer composed of such hardmask
materials as silicon nitride (SizNj), tantalum nitride (TaN), titanium nitride (TiN), or
silicon carbide (SiC). The hardmask material is used instead of a cap layer because

the IC structure is directly exposed to plasma during the etching process without the

benefit of a photoresist. The third layer is an OSG layer such as CORAL™, and
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strip process described in block 220 and bl ock 222. It

shall be appreciated by those of ordinary skill in the
wanoosiasdong t he benefit of this disclosure tharPCrThs2004/032793

nmet hod 200 permits the stripping of the photoresist to

be perfornmed in the sanme reactor used for etching the

BLATCK QESVONDTY drhgy @8Rt 0SG mAtbHake U@(ﬂdﬁ@né’ﬂy, the OSG
performng the stri ppl ng and etching process in

rea n chanbe aboye
maT P §F auses DS (udSef male el drauring e The
benefit of th| s disclosure shall appreciate that the
illustratiesrfowatidbareich dajer desanpdsed dfisuchitars@eshfdriadd dosilicon nitride
may be used in ex-situ applications. Referring to FIG

(Sig\I ; h8 S1ikSn %FI%\A@C 169%%?@%6 oibé)%gmt hod of stripping

oreS|s ES damascene
process The photoresist is applied to an I C structure
that includes an OSG | ayer. The illustrative IC

structure includes a first organic photoresist |ayer,

a S?Hﬂ ﬂ%vs’c‘ﬂfaﬁrlﬂqq@aﬁedé%ﬁ%ﬁéshth@ mh&hhd 4@@@'& ?&qus)n%ﬁ&da ftench etch

fourt arrier layer phot oresi st laye
organi c photoresist as described above. The

in the ANRStFAVeRUGEEG GV e &Y IRTRcaats dpedmpsk leypar Ghegethod is

| ayer conposed of such hardmask materials as silicon

initdted agsrdcéss Blotk 402hatMeh thd ﬂh@&aﬁém striuch A8 hlin Ting & trench

nitri (T| , or silicon carbide (SiC). The hard

sed Lnstead of .a c because the
Patgqm?fi;{lﬁ? éh‘? B %‘PF%&%tslﬁzyeé%B%%HO{l?fP B ‘Z@ﬂh‘lﬁ&%“f?gre@ﬁf@r 108 The
etching process without the benefit of a photoresist.

mefHod thbih peoderdeto process 6E404Ve itk B taschBRAchedlintodhd second
16BLACK DI AMOND(t m) or any other such OSG materi al s.

intéfiflidded M dtasd B§eSC

At process block 406, N,O is added to the reaction chamber and a plasma is
generated. The operating parameters for the removal of the photoresist are similar to
those described above. The plasma strips the photoresist from the structure and
generates a volatile by-product such as CO,. There is a high selectivity between the
first photoresist layer and the second hardmask layer. Additionally, there is a high
selectivity between the first photoresist layer and the third OSG layer.

At process block 408, another first photoresist layer is added to the IC
structure. This other photoresist layer is patterned to for via etching. At block 410, a
via is then etched into the second hardmask layer, and the third OSG layer. It shall be

appreciated by those of ordinary skill in the art that the gases and process parameters
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material may al so be a porous OSG (pOSG) material as
descri bed above. The illustrative fourth barrier |ayer

wo0soegosed of such barrier materials as sili eomus2004/032793
nitride (Si N), or silicon carbide (SiC) as described
above. The flowchart in FIG 4 describes the nethod

usedd0r {iretdlein g ArsdBgerlcht 6A @R aglebhof parahretérsIsush aathevt§pe of
structure having an internedi ate hardmask | ayer. The

thod is.initi at process bl ock 402 in which the
haraﬂ%lagl%{%?ri@}eal?‘@)g?m:att?}%és'havi ng a trench patterned
into the photoresist layer is positioned in the

i | | Asbloakidie, Ne@kis agaitDdpplitdeo b dtradiviersystepr d0@ atlpracess
process step 404 in which a trench is etched into the

perERAY Wy AR RE oOLETRRE PRl ol RSP B0 6

generated. The operating paraneters for the renoval of
energigc hod thesiagatigrredphatpresist tayen isthen stappasewithisoe M0 plasma.
The plasma strips the photoresist fromthe structure

ﬁin gﬁlg@ﬁl%ﬂﬁic?ﬁl,eﬁ )})YQJ:@.’H% ke g@ﬂerﬁfeoﬁyéfgaﬁi@ﬂugsfoﬂ— AR Fal Atdblock

selectivity between~the first photoresist |ayer

and the second hardmask | gyer. Additionally, there is
414, the grgag RIBL;1S ig@ye@@%eﬁm REPHIRE AN QRN Bterialisyglaps BARC
and the third OSG | ayer. At process bl ock 408, another

or ARCsds @xetibe@absve.! AY Blodkst [@]BeD isiskt@o kfehshdckahe BARC or
This other photoresist layer is patterned to for via

ARG, Gonttied thraledied peponid alidon SorP PRI BRB Fayer . 11

shall be appreciated by those of ordinary skill in the

ar tAt blcktdig, desgevinslypetohed tepelr patbdraria the hardmask layer is used
to trench etch the third OSG layer. As previously noted, the gases and process
parameters for performing the trench etch are dependent on such parameters as the IC
structure such as the hardmask material and OSG materials. Finally, at block 420, a
N,O plasma is used to remove the organic plug.

Referring to FIG. 5A through FIG. 5J there is shown an isometric view of the
trench etch and strip sequence 500 described in the flowchart in FIG. 4. Fig. SA
shows an isometric view of the illustrative IC structure having a first organic
photoresist layer 502, a second intermediate hardmask layer 504, a third OSG layer
506, and a fourth barrier layer 508. The first organic photoresist layer has a trench

510 patterned into the photoresist layer. As described above, the illustrative IC

structure is positioned in the illustrative reactor 100. FIG. 5B shows the illustrative IC
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17used for via etching are dependent on a variety of
paraneters such as the type of hardmask material, and
wOoSWsmagmei al s. At bl ock 412, N O is agai n appbCeaStm4/032793
illustrative system 100 at process paranmeters that are
descri bed above. The plasma is then fornmed when the N
str@tine aterperfoething thd preceisad (Plaint whivhcthp ehoh 6309§ elch¥@finto the
is then stripped with the N O plasma. The nethod then

Seo@ﬁg%@ﬁg@igko{a%gp%@te an organic plug for the via. At

e organic plug is generated by first

applying an organic material such as BARC or ARC as
desbrF Kgoﬁ Giasare is showhn dukilsBatine [T istrucised after kavihg added the
back the BARC or ARC to produce the desired organic

N,0! ﬁ@ngﬁo@@_‘é %066 EhaRBEr 106t g‘ﬂ%q\% icﬁﬁ ePeYb Qtlf)%éﬁaa that strips

*etched trench pattern in th ayer :s 0

trench etch the third OSG revi ous y not e
thephoterasisslaypio Pt anddeavisa ﬁm@mewb@cf bendnaaskilagert 304.

trench etch are dependent on such paraneters as the IC

st r Refafieg $6/ PIGasDttherdid rsHBWﬁKhéfm@srtﬂa@ﬂve qadstﬁ}%%re after 3dd1ng
rraterlals Flnally, at bl ock 420, a pasrrals use

o B A S e S S ST AR, v, 550

the trench etch and strip sequence 500 described in

514 beetthalmbatite IGsti@urelas ddsgribsd dnwbloa 4190 MG, I5F $HoWY the IC
of the illustrative IC structure having a first

A BB R B0 3 1S8R Bsatholbrsit 515 as
f our t h barrier |layer 508. The First organic

desgtibedireblosk 412yer has a trench

The organic plug is generated by first applying an organic material such as
ARC 516 as described in block 414. The IC structure having the applied ARC 516 is
shown in FIG. 5G. In FIG 5H, there is shown the IC structure after an N,O gas
described in block 416 is used to etch back the ARC 516 to produce the desired
organic plug 518. At FIG. 51, the OSG layer has been trench etched to the desired
depth as described in block 418. Finally, FIG. 5] shows the resulting IC structure
with the desired trench 510 and via 514. The resulting IC structure is generated by
applying the N,O plasma described in block 420 to remove the organic plug.

Although the description about contains many limitations in the specification,

these should not be construed as limiting the scope of the claims but as merely

providing illustrations of some of the presently preferred embodiments of this
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510 patterned into the photoresist |ayer. As described

above, the illustrative I1C structure is positioned in
woOheosiogsest rati ve reactor 100. FIG 5B shows t ReT/US2004/032793

illustrative I C 18structure after perform ng the

process 404 in which the trench 0 is etched into the

invEREATMARY SRR EritfoEinent'yitl Be ppiirei 10 bESN M The art upon
fromprocess 406 to chanber 100, The is converted to a,
revismangthe descriptionpsThve timsrapecditbe inveptionsbouldibe determined by
| eaves the trench etched hardmask | ayer 504. Referring
the ta??é:ﬂ&d SMndsh Blcha With R¥uIT S&pe! d fURfuiallémS td wiiiER SEdH @aims are
atter addi ng another |ayer of "photoresist 12 as
deacribed in process block 408. In FIG 5E a via 514
entitledet ched into the IC structure as described in bl ock
410. FIG 5F shows the IC structure after perform ng
another N strip to renove the photoresist 512 as
described in block 412. The organic plug is generated
by first applying an organic material such as ARC 516
as described in block 414. The I C structure having the
applied ARC 516 is shown in FIG 5G In FIG 5H, there
is showmn the IC structure after an N O gas descri bed
in block 416 is used to etch back the ARC 6 to produce
the desired organic plug 518. At FIG 51, the OSG
| ayer has been trench etched to the desired depth as
described in block 418. Finally, FIG shows the
resulting IC structure with the desired trench 510 and
via 514. The resulting IC structure is generated by
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applying the N O plasma described in block 420 to

renove the organic plug. Al though the description
wahaostozgont ai ns many limtations in the specifPCauiSemg/ 032793

these should not be construed as limting the scope of

the clains but as nmerely providing illustrations of

sone of the presently preferagmsenbodi nents of this

19i nventi on. Many ot her enbodi ments will be apparent

tg.tﬁl{lose do)f.ski [l in the art upon review ng the
WhL S FPIRSHE:  Thus, the scope of the invention shoul d
be determ ned by the appended clains, along with the

L. f ul A methpd offstrieping ahdntegrated ehrceih (Kilichircitaiertmvinga photoresist
entitled. 20CLAIMS What is claimed is: . A nethod of

mafthlh BP0 8 Pyl SR B RS Gl ot Db o ™

(CSG materjal, conprising: feeding a nitrous oxide (N
5 O kadingn nitepus exddoN.Qegasriata ageagtqit asma i s sai d
reactor; stripping said photoresist; and generating a

hi g b Ui ?ﬁﬁl% i-d photoresi st and said
%éb%?ét{&%ém%s%}ﬁ%tg c g?l%hl wher ei n sai d phot oresi st
is an orgar;jgf ﬁhotor,esi&i‘. . The nmethod of claim?2
whefEPRINg-52¢1 BRotOBesIHgaRGi d photoresist is one of a
plurality of steps perforned during a dual danmascene
Pr og&@fepating a high selectivity between said photoresist and said OSG.

10 2. The method of claim 1 wherein said photoresist is an organic photoresist.

3. The method of claim 2 wherein said stripping said photoresist is one of a

plurality of steps performed during a dual damascene process.

15 4. The method of claim 3 wherein said stripping of said photoresist is performed

in the same reactor used for etching said OSG material.

5. The method of clam 1 further comprising,
providing a via etched into said IC structure;
20 generating an organic plug that occupies said via; and

stripping said organic plug with said N,O gas.
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4. The nmethod of claim3 wherein said stripping of

said photoresist is perforned in the sane reactor used
woaoosagteng said OSG material. 5. The net hod etTaisam/a32793

further conprising, providing a via etched into said

I C structure; generating an organic plug that occupies

6. sai A Mbod¥TtEPpinERInHtSRtEd B8R I(FC Pt et iR B
O gas. 2?6. Aﬁ%lglhgd of %ﬁi ppi ng zgm ﬁnﬁgéwaetlegﬁﬂr%yﬁm

Ci rcui | Q) structure includin first photaqresis
phiigiisist ayes o aond oisrmedioiR HYFRgen 2 i o/EaRpfilcaie glass (OSG)
" organosilicate glass (OSG |ayer, conprising: feeding
layer, Rbhipeistngoxi de (N O gas into a reactor; generating a

plasma in said reactor; stripping said photoresi st

Wi t aid plasma: .geperatin hi gh sel ectivity
bet %géwgsaaﬁ]&r%sr%g%ﬁg%@i%%ﬁg@fo?5%@|torand sai d second
har dmask | ayer; and generating a high selectivity

5 bet geenatssg 8 plasnst inpdadd coaeirst | ayer and said third
OSG layer. 7. The method of claim6 wherein said

PhoLRpSHeSkid BaRraGgARIg sBAGGRR! ot 8 The et hod

rein said’s ng 'of sai d photoresi st

is performed in the sane reactor used for etching said
os@¢neyating a high selectivity between said first photoresist layer and said

second hardmask layer; and
generating a high selectivity between said first photoresist layer and said third
10  OSG layer.

7. The method of claim 6 wherein said photoresist is an organic photoresist.

8. The method of claim 6 wherein said stripping of said photoresist is performed

15  inthe same reactor used for etching said OSG layer.

9. The method of claim 6 wherein said stripping said photoresist is one of a

plurality of steps performed during a dual damascene process.

20 10.  The method of claim 6 wherein said second intermediate layer is a cap layer.
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9. The method of claim®6 wherein said stripping said

photoresist is one of a plurality of steps perforned
wduaoisngssaz dual damascene process. 10. The net hedTwi2004/032793

claim6 wherein said second internedi ate |layer is a

cap layer. 22. The nethod of claimwherein said cap

111 ay d Iishi i
x ogpe ﬁt@é %!f@};fﬁlgi g {l')v?giée‘ri]‘n gog(lgm anyb% 1? b s%%c?éd bt % gfbup

nmet h cl ai ins second .i nt er nedi at e
Corv%%g ol léwﬁarlalﬁﬁ@%h @%andi%l?lcwé)wmm S ON)ai m 12
wherein said hardnask |ayer is selected froma group

consisting of Silicon Nitride (Si N ), Tantal um
Nitride (TaN), TitaniumNitride (TiN), and Silicon

2.7 oA of el oot Pl soBpr BShmegfie fofer i aHaramask

photoreS|st | ayer, a second cap layer, and a third
layer.ganosi l i cate gl ass (OSG |ayer, conprising; firstly,
etching a via into said second cap layer and said
third OSG | ayer; and secondly, stripping said first
photoresi st layer with a nitrous oxide (N O gas. 15.

The method of claim 14 further conprising, thirdly
13 genéhemathodnf clajaini Zwheren viidhagdmasly layer hmelezﬂtcdjfmasa group
part of said third OSG | ayer. 16. The nmet hod of claim

coﬁ%tfﬂée(;f SiPieBh mm@e éigw@t frbeal m&e Ogréxfrg ;Ig%nﬁﬁlhq\ﬁtride (TiN),

sal d 'second cap | d sal h|r
and Silicon Carbide (SiC).

14. A method of performing a via first etch with an IC structure including a first
photoresist layer, a second cap layer, and a third organosilicate glass (OSG) layer,
comprising;

firstly, etching a via into said second cap layer and said third OSG layer; and

secondly, stripping said first photoresist layer with a nitrous oxide (N,0O) gas.

15.  The method of claim 14 further comprising, thirdly, generating an organic plug

with said via that occupies part of said third OSG layer.

16.  The method of claim 15 further comprising, fourthly, etching a trench into said

second cap layer and said third OSG layer.
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2317. The nmethod of claimfurther conprising, fifthly,

stripping said other first photoresist |layer and said
wongsnsespl ug with said gas. 18. The net hod of pCraiSm04/032793

wherei n said photoresist is an organi c photoresist.

19. The nmethod of wherein said stripping said

photoresist is one of a plurality of steps perforned

during a dual danascene process. 20. A nethod of

performn rench first etch with | C structur
17, nc{rg?i m@ﬁ’%? of el § FOMPFISiAg: il e Rpingisheter first
| ayer, and a third organosilicate glass (OSG | ayer,
phetorasist $ayrg anflisafd dnganitplhi vatlesdid @chgant o sai d second
har dmask | ayer; and secondly, stripping said first
photoresi st layer with a nitrous oxide (N O gas;
The nmethod of claim20 further conprising, thirdly,
appl yi ng anot her first photoresist |ayer for
18.per The meathod of chimt Khwhe@in Jdid pietdresisois anl aiganicyphioberesist.
conprising, fourthly, etching a via into said second
hardmask | ayer, and said third OSG | ayer. 2423. The
nmet hod of claim 22 further conprising, fifthly,
stripping said other first photoresist |ayer with said
19.gasThemetlrod ofrd B vdeerein seidstrippBng said photaresiph is ©ing@f a plurality of
sixthly, generating an organic plug within said via

eIV RERILEEC e 5 o

etching said trench into

20. A method of performing a trench first etch with an IC structure including a first
photoresist layer, a second hardmask layer, and a third organosilicate glass (OSG)
layer, comprising:

firstly, etching a trench into said second hardmask layer; and

secondly, stripping said first photoresist layer with a nitrous oxide (N,O) gas;

21.  The method of claim 20 further comprising, thirdly, applying another first

photoresist layer for performing a via etch.

22.  The method of claim 21 further comprising, fourthly, etching a via into said

second hardmask layer, and said third OSG layer.
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said third OSG | ayer. 26. The nethod of claim 25
further conprising, eighthly, using saidN O gas to
webkoisp3saaed organi c plug. 25 PCT/US2004/032793

23.  The method of claim 22 further comprising, fifthly, stripping said other first

|
3

photoresist layer with said N,O gas.

24.  The method of claim 23 further comprising, sixthly, generating an organic plug

within said via that occupies part of said third OSG layer.

25.  The method of claim 24 further comprising, seventhly, etching said trench into

said third OSG layer.

26. The method of claim 25 further comprising, eighthly, using said N,O gas to

strip said organic plug.
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