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5 10 A NITROUS OXI DE STRI PPI NG PROCESS FCR
ORGANCSI LI CATE GLASS 15 RELATED APPPLI CATI ONS Thi s
application is related to commonly assigned U.S.
patent application Ser. No. _ _ (Attorney Docket:
1054) entitled AN ETCH BACK PROCESS USI NG NI TROUS

¢« OXIDE, by Rao Annapragada et al., filed concurrently
herewith 20 and incorporated herein by reference. 25
BACKGROUND Field of Invention The present invention
relates to the stripping of a photoresist. Mre
particularly, the invention relates to the stripping
-of a photoresist froman |IC structure having an
organosilicate glass (OSG nmaterial. 30 Description of
Rel ated Art In sem conductor integrated circuit (I1C
fabrication, devices such as conponent transistors
are formed on a sem conductor wafer substrate that is
typically made of silicon. During the fabrication
process, various nmaterials are deposited on the Page 2
different layers in order to build a desired IC

Typi cal ly, &NIMOUSOXIBESS‘IMPPIN ey ned
metal i zat| on IHGROREARUSHTCATHGTASs Yares and

the li ke which

RELATED APPPLICATIONS
This 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 mcorporated 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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are insulated fromone another with dielectric
materials. The dielectric materials have been formed
fromsilicon dioxide, SiC2, to insulate conductive
lines on various layers 5 of a semn conduct or

structure. As sem conductor circuits become faster and
nore conpact, operating frequencies increase and the
di stances between the conductive lines within the

GBSO B PR SSRDRRRT o NG B may

circuit, which has the drawback of slow ng the
inclpds patiesned wetalliratios Hinssrprlysiiconisensisior Fates afdthe likewhich
has becone inportant to use dielectric 10 | ayers that

arcinBuiafiiibe Rk 28bHes WiltthibldoRAfdndleiat:, Cﬂiéddiefebtfft Iln‘afé?ﬁls have

agai nst such increasing coupling capacitances.

oo iotimed FroRcuFaut s s ¢ Smalets Bokhetig E%é%‘%n.? S—

constant, k, of the material used to formthe
of disemémtdiictor btaydme. Asssomicoddwdiovdrcuits ®edomatk €adter and more
| ayers in prior art integrated circuits have 15

coBbalY Gr it Kl RaRicsIpoR o g iyl BeltiReine condugive

the increasing line densities and_operating
lings wighinibessmigenduelpr devige deareasfevi i intrafustban incgeased level of

| ayers formed of SiO2 nmay not effectively insulate

couplingCeupaiitdnicy € tHe@fcult) wibiéh Bagt B8 drdvRsHek P @ldv@mg\tﬁé Bperation
i ncreased coupling capaC|tance | evel s. 20

of Bt rRlectE SBhighn deroiss 4 W BldiiE Bubgrhus@ e digtectri

| ow-k material that can be deposited either by spin-on
layers tibire RappdlSofieffemiely ifisulatipgiconduddiSe Huey apaiast suches
from2.6 to 2.8. Porous OSG (p0sSG can
increasing coupling 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 SiQ,, which has a dielectric constant of about 4.0. Asa
consequence of the increasing line densities and operating frequencies in
semiconductor devices, dielectric layers formed of SiQ, 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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al so be used for lowk applications. Typically, porous
materials such as pOSG are applied using spin-on

nmet hods and with controll ed evaporati on of the sol vent
providing the desired pore structure. 5 Typically,
lowk materials are incorporated into I C fabrication
usi ng a copper dual damascene process. A dua
damascene structure enpl oys an etching process that

méthad. ePhd {y?yﬂﬁi‘ exd ﬁrvaidé'}%ﬁg@snﬂm{ﬁ]oi.G% 59 P’(i\rgﬁsm Oﬁﬁ(pOSG) can

r
vi as and enches are then netallized fo

i ntercognnect wring. The two well-known dual damascene
alsbonied 1F ow-kepplitaionso Taigally: BOmoRs materes sideasnfdSyg are

trench first sequence. 10 In prior art nethods, the
appligdnsiag spiot o artlsidsiandstith ppetbld svapovaon b ithdsomeédt

known gas m xtures such as oxygen (02), a conbination

- 0] (N2/02), a conbi nation of
prﬁ%ﬁﬂ%ﬂé%%éﬁﬁ@oﬁéégg&(%z/ H2), or ammonia (NH3). Each
of these gases or gas m xtures reacts negatively to
an (lepieliclow-ls metemaly armincormgaated into dGtfebritation (sBRG) copper
di el ectric. For exanple, the use of oxygen (02) raises

dubl@armtiscknd/ plodssof Atdif] Efaasicak %ﬁﬁé/&tiﬁlge erggIS%)y@ bfi fétdlﬂﬁﬁpléocess that

for the nitrogen and hydrogen (N2 ) m xture

crdaen ke or e B Bafes 5y ity € 1o R eHgherg o gpon retalized

ammonia (NH3) may result in particle generation.
to Tonus thednichcomhetthermgneThe torowolldasen dial danasient yelemes are
has an associated |imtation when stripping a

reﬂ;g‘agg% 85} 9l fils WMt Eaid b HEhUH firsthbdheRE Materials.

In prior art methods, the organic photoresist is stripped or removed using well
known gas mixtures such as oxygen (0O,), a combination of nitrogen and oxygen
(N2/O,), a combination of nitrogen and hydrogen (N,/H,), or ammonia (NHs). 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 (NHs) 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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A method of stripping an integrated circuit (1C
structure having a photoresist material and an
organosilicate glass (OSG naterial is described. The
met hod conprises feeding a nitrous oxide g (N20) gas
m xture into a reactor, generating a plasm in the

+ reactor and stripping the photoresist. In a first
aspect, there is provided a nethod of stripping an
integrated circuit (1C structure having a

photoresi st material, anSUMBIARY i cate gl ass (0SG
materi al and a vi a etched into said I C structure,

' CONAIthéthbd of E aﬁ‘ nﬁé alia i tgfciiu%g%{g%gl}awng a pﬁlotoremst

reactor; gen asma’ In
tripping said hotore3|st generating an organic plug

mafgrg] g@éeﬁsr%@og icateglass (GHG)smniepipl isglesetibechr Baainethod
plug with said N20 gas; and generating a hi gh

compliwstfesdiby almitrogeoxide (8,0)e4ahbeh@linf ¥ r&Rid, $8Era
a second a%pect thereﬂlqzs j;)%)w ded a}nrretﬁo of tfn%a

t.eqgr.at ircui.t (1C) structure
plaﬁﬁa{i Qgéf {r:%a%p?l]l"{r]stf‘g%ﬁ%?}berpg’é)f%?m?tayer a second
d| ate layer, and ,a third organosn licate gl ass
(oég)a st aspect Higse isipyided aansthed af #rippgandriegetedioguit (IC)
gas into a reactor; generating a plasma in said
struetyae hawing stphoppesigt waedalphobayanssilitateigldys 6@5G) Rl and a via
generating a high selectivitybetween said first

etchRGh0R BRI K sthddeie, 8flpsahg second
feeding a nitrous oxide (N,0) gas into a reactor;
generating a plasma in said reactor;
stripping said photoresist;
generating an organic plug that occupies said via, and stripping said organic
plug with said N,O gas; and
generating a high selectivity between séid photoresist and said OSG.
In a second aspect, there is provided a method of stripping an integrated circuit
(IC) structure including a first photoresist layer, a second intermediate layer, and a third
organosilicate glass (OSG) layer, comprising: |
feeding a nitrous oxide (N 20} gas nto a reactor;
. generating a plasma in said reactor;
stripping said photoresist with said plasma;
generating a high selectivity between said first photoresist layer and said second

intermediate layer;
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internedi ate | ayer; Page 5 stripping said second
internmedi ate layer with said plasma; and generating a
‘high selectivity between said first photoresist |ayer
and said third OSG layer. In a third aspect, there is
provi ded a nethod of performng a via first etch with
an 1 C structure including a first photoresist |ayer, a

M e e R O AL

second .cC llayer _and said. third OSG | ayer, trippi
EengRigE AV sFRR G ST ueen aifbrrsPhoforesit fastendsaiqyitid OsG
(N20) gas; generating an organic plug within said
layeyj a; and stripping said organic plug with said N20
gas. In a fourth aspect, there is provided a nethod of
per,formng a trench first .etch ith an IC strugture, |
" ndP GG A5t (6 riridled pgnothag) o pecdouanigia foy i rs icyvich
| ayer, and a_third organosilicate glass (OSG |ayer,
an I€oiyectuse myludsng hifingf photaremigtayan; osesand cap byed ahd adhisd k
| ayer; stripping said first photoresist layer with a

orgdiiokiliobte LadsqOS(NIer GamiprisapP! yi ng anot her first
photoresi st |layer for performng a via etch; etching

oo Pyl el ErREN AL AIBE I AUl OSOR: [ 1

|l ayer with, 0 S: generating an organic plu
X hlztﬁ)af%?st 'lay%r Welth amtr%us oxide {N,0) gEI?S; J

Wi tsmp.ﬁn%%‘? glifsg,l’ 2\

generating an organic plug within said via; and

stripping said organic plug with said N,O gas.

In a fourth aspect, there is provided 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:

etching a trench into said second hardmask layer;

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

applying another first photoresist layer for performing a via etch;

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

stripping said other first photoresist layer with said N,O gas;

generating an organic plug within said via, and

using said N,O gas to strip said organic plug.

The stripping process may provide a high selectively between the photoresist

-and the OSG material. In the illustrative embodiment, the photoresist is an organic

Page 5a




using said N20 gas to strip said organic plug. The
stripping process may provide a high selectively

. between the photoresist and the OSG material. In the
illustrative enbodi nment, the photoresist is an organic
Page 5a photoresist. The nethod may permt the

s stripping of the photoresist and other such organic
material to be performed in the sanme reactor used for
etching the OSG material. The nmethod of stripping the
phot oresi st can be one of a plurality of steps

perf or ng duri pg a dual damascene .process. .In the
phofargstt; 1he wethadiday RERRLt i RHEPE 55 iﬂrﬁﬁwﬁ%@é‘saf@othef such
applied to an illustrative integrated circuit ge%&G erial
material.

orgamic ociateréal tth bt perfoimetbn the same reastrsuged fir stehing
second internediate layer, and a third organosilicate

THH Retholl GPSrigpEthe phBtdréEsticah Belondbif ¥ plurgliyastistapatperformed

the nmethod féeds nitrous oxide (N20) into a reactor. A

| as LS then enerated and the photoresist is
d“%ﬂ’lgiag%’%ﬁ?’ir’S%ePﬁgqu&SSStructur e. There is a high

selectivity between the first photoresist |ayer and

t he IndkoHlstrative embpdineent 4fe stripphagiptocessab lappliedhieran illwstrative
a high selectivity between the first photoresist |ayer

inRBehtéd Birklit ¥I@) stREtuk@MRE incl is?ﬁtﬁﬂé@@adtﬁre@ﬁ?idgﬁg 3ts|%ﬁ(?%d

viia first etch sequence In la 1s et

N A TR L R

configured to provide protection to the OSG | ayer
emhodimgnt, He: methodKeeds mifrous beidP@YeOPinto 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 efch sequence in which a via is etched into

an IC structure where the second intermediate layer is a cap layer. The illustrative cap

layer may be configured to provide protection to the OSG layer during the reworking of

the
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photoresi st |ayer. By way of exanple and not of

limtation, the illustrative cap layer is a silicon

and oxygen containing material such as Silicon D oxide

(Si2) or Silicon Oxynitride (SION). The illustrative

via first method can include etching a via into the
s« illustrative | C structure. The nmethod nmay then proceed

to apply an antireflective coating (ARC) or bottom
~antireflective coating (BARC) that fills the via of
phiobstesibd 1agér aty Wﬁ%( b€ exSinpleCindl ot of Ll tidAStHEi HE$HF RivERYp layer is

then be appli‘ed to etch back the ARC or BARC and

< S b RS ARR e 58 3 Sttp AR 516, or sicon
illustrative I C structure, the organic plug occupies a

OJ@ﬁﬁHd@SSRﬁN}. & etilthtfhti e Gia fiRY ﬁ{etho-ﬁkean"{ﬁ%llﬂﬂg ef@ihgl 68 into the

proceed to etch a trench into the second cap |ayer and

Lthe . third OSG. .ayer, A N2Q gas m xture.can_thep he .

itlgsgirs e SaeE R oo ey e Bead by 38 patVeleqtve coatng
strips the photoresist |ayer and the organic plug. The

(ARED 196 Bothary antirsBetitvepopling@ARChthet Blilcthe viarofithetllypirative IC
sequence in which the second internediate |ayer is a

strietoASN,O gasahixtibe naythed bexlipd & @adbikitheARC or BARC and

limtation, the hardmask | ayer may be conposed of such

ol s L AN . _ . _
roqfik i iR ol S b1t hjiBl g Wi Hetet [ S {8, Ths, in

Carbide (SiC). Using the trench pattern in the first
thepitlustyaties Ki stiragiere, the engemiciplegacdupiastagartion of thet third OSG

second hardmask | ayer. The first photoresist |ayer can

th be stri Wi th s mxture,.. Another fjrst ‘
taysh hstBehed RlThen biedeS o A3 p PR MFS Ind Tegoms tan Iay and the

may be applied. A via can then be etched into the
th@eé§ﬁdah%tr AR ghapaxtureena therebe FedrigtcObe reaper andTgeaerates a

nmet hod may then proceed to apply an antireflective
plasmathagtripARhg phétobaist tiyer and tHetirkafié bl coati ng ( BARC)

that fills the via of the illustrative 1C structure.

AS The method may also be applied to a trench first etch sequence in which the

second intermediate layer is a hardmask layer. By way of example and not of
Iimitation, the hardmask layer may be composed of such materials as Silicon Nitride
(Si3N4), Tantalum Nitride (TaN), Titanium Nitride (TiN), and Silicon Carbide (SiC).
Using the trench pattern in the first photoresist léyer, a trench can be etched into the
second hardmask layer. The first photoresist layer can then be stripped with N,O gas
mixture. Another first photoresist layer that is patterned for via etching may be applied.
A via can then bé etched into the second hardmask layer, and the third OSG layer. The
method may then proceed 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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described for the via first Page 6 etch, the N20 gas
m xture may then be applied to etch back the ARC or
BARC and results in generating an organic plug having
the desired height within the via. Using the
previously etched trench pattern in the second
+ hardmask | ayer, the third OSG | ayer nmay then be trench
etched. A N20 gas mi xture may then be used to renove
the organic plug. 5 BRI EF DESCRI PTI ON OF THE DRAW NGS
t (o I
etch ﬁ1gﬂ2bf‘éatsh IX&g%%g ﬁge%})%n gfﬂéécﬂ% e?ch%c'a% tél}eeﬂﬁ%%lﬂ)éh(? aﬁd results
an illustrative appar.atuys capabl e of renmpvi ng :
NG S AU RIE paving theplesired haight avifiug ﬂwg'wa Using the previously
photore3| st layer and an OSG layer. FIG 2 is a
etchédinedvhrpgattbmrin $ha sepmdigardrhadkdaga] the third @SGi laydr intagtthen be trench
dual danmascene process. FIG 3A through FIG 3His an

etchécg 'R}?NEO a¥ hitfu R mh el 'b@ué‘édcth ré}ﬁgvétthé 'oFganﬁﬁﬂﬁt? nce of

[owchart in FI'G 2. 15 Is a flowhart for
stripping photoresist in a trench flrst dual danmascene
process. FIG SA through FIG 5J is an isonetric view
of the trench etch and strip sequence of the
flowchart | BRIEE DESCRIPTION OF THE DRAWINGS

INlustrative embodiments of the present invention are shown in the
accompanying drawings wherein:

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. 5] is an isometric view of the trench etch and strip

sequence of the flowchart in FIG. 4.
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Page 7 DETAI LED DESCRI PTION In the follow ng detail ed
description, reference is made to the acconpanying
drawi ngs, which forma part hereof, and in which is
shown by specific enbodi nents. These enbodi nents are
described in sufficient detail to enable those skilled
inthe art 5 to practice the invention, and it is to
be understood that other enbodi nents may be wutilized

and that structur ahETAO¥EBDRSERAPAIDN cal changes
may be made without departing fromthe spirit and

scope,of . the.clains.. The .foll ow.ng detail.e .
clos B gyt iinis B desgrinion delefthasds fiagk fo e apoompanying
limted sense. Note, the leading digit(s) of the

dravahgs,enineh fombe part iherdolfieartd iguvbich dosheepby spdcific Bmbodiments.
figure nunber, with the exception 10 that identi cal

r: al b 1) : .
TRl ieE ReRpRed in LIk dBLA (o} BB R ekl in the art
to FIG, 1 there is shown an illustrative systemfor
to Ripetighibsdnventiononkit & tor bwadgsstped that ether embedunenys mpy be
OSG layer. The illustrative systemis also configure
utiizedaid tharsthrbdalybsdicaltaeldi ohextriedl Chahgdsandy benmate Wittut
The illustrative 15 systemis a parallel plate plasm

0 0 ELAN. HPT..syst em, . -
i SoE e YR Rad et (Y g LS NSV B Pty fescription
. Fremont, California. Additionally, other systens from
is, theneform mohts henigk@xm ANRAGenss. | doterdhe kadimghligit(s3 efithe
The system 100 i ncludes a chanber having an interior

reféf@AcdBumbais B theak igﬁres%?ﬂeﬁﬁéhd’t%ctﬁé MoRFERAHDE, WihAhe exception
vacuum punp 104 connected to an outlet in a wall of 20

thaf gggiigacctg%{wp%lq% S‘I’}Bg% g]?;?@%?xg ggl tiglléI Fﬁ)gluireesdargz ?dén%%eﬁlb%fstgg same

reference nurbers.

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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supply 106. A nmedium density plasma can be generated
in the reactor by a dual Page 8 frequency arrangenent
wherein RF energy from RF source 108 is supplied
through a matching network 110 to a powered el ectrode
112. The RF source 108 is configured to supply RF
power at 27 MHz and 2MHz. El ectrode 114 is a grounded
el ectrode. A substrate 116 is supported by the
frRBEL Sl REdenPABielcid RENEhdrey BloRIRE s8Rfea08SE ShpRRM through a

w th plasma generated by enérgi zing the gasses i'nto a

o B 0 e BRI oL s BRI 53 1 & e

supplied to both electrodes such as the dual
to Suppjydicyopdres 26 Mizrands2ivitin Klestcodebidd ism groumadbad glectrode. A
owned U. S. patent No. 6,090,304, the disclosure of

su%l"tkz&@ 116 1&%@9&&&% g? %ﬁe’é@é@&%ﬁ eli’%cérogg 2 SQ %Hg % ettfled and/or stripped

ernative ma " can uced I n varil ous

other types of plasm _reactors referred to as .
withplasip generated By @Wrgringthe gasses io aplasma state. Other capacitively
el ectron-cyclotron resonance (ECR) plasnma reactor, a

cobipled goautgrk @amalsodralsed suél a$ RaclokdwherSUt poives imsu&g_lied to both
reactors typically have energy sources which use

ener 1.Gr, V. ner magneti c fields, ..etc. to
RSB ol B i FCUFe By mlaBR S RachladRp®s fuedfmonty

a high 15 densit | asma coul d be produced in a
ownedﬂiﬂopattent @@@5@‘83Ma§n@i®lmr¢ high is hergby adogporated by

from Lam Research Corporation which is also called an
refefiGieet i vel y coupled plasma reactor. Referring to FIG

2 there is shown a flowhart for stripping a

via first dyal ,danmascene, process

e A aretels Fscolpend e bE Broticed oo Shidybes opniiena
reactors referred 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 froxh 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
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20 photoresist layer, a second internediate | ayer, a

third OSG | ayer, and a fourth barrier layer. By way of

exanpl e and not of limtation, the photoresist |ayer

is an organic Page 9 photoresist such as the 193 run

phot oresi st or 248 nm photoresi st fromthe Shipley

Conpany. The illustrative second internediate | ayer is

a cap layer conposed of such cap materials as Silicon
photaxsistsutbia®fe 19 hinqrhotddeyisi dir 248enth phobdresigtritoranyie Shipley

ot her such silicon and oxygen containing materials.

Vi : | - 5 G e
CfftE P B BN RRRERA Tokf i EplGhi e fid of such
third | ayer is an OSG |ayer_and may include materials
capeHeridls spRAIcom IPiosideNSier) SHicep{domitrige (SPN), radany other
California, and BLACK DI AMONDTM from Applied Material s
sueh sibeoh an&:bﬂ%%en cdedinfo@ htdrialR! THRYcaPlURE p?&ﬁbes?@tection to the

materials. Additionally, it shall be appreciated by

se ski.lled in the art,that the G er.i.al - may.

O3 3% Bting sl s e patgresis B TS gt s an 0SG
exanple and not of limtation, the pOSG nmay have a

layepiadd spwdacludé mpteridle sudhhasCOBAL hiroin NowdlhatSystems of San
fourth barrier |layer is conposed of such barrier

] i 1 AT P ¥

TSR Ta, 34 AL ACRIUAAIBT: Hoik Mopligh MACHER 488 Clara,
arrier layer provi protection from copper .

Cagﬁ%‘?mt?s OHALY ¢ rw@m@%ﬁi mateplals; @dditigeally, itwallthgeppreciated by
nmet hod 200 for performng a via first 15 etch

theseguleddn ithie 2 itleh tike OSE natelathrg alsatise 4 perobSOSG (pOSG)
structure where the second internediate |layer is a

I LS. 1p:tLat.ed ess .bl ock .
m§8an; By SRR e ii g B PRI R B85 Ve R Soid space
illTustrative reactor 100. The IC structure includes a
of greatas dhared Wod Theatlpsteativetfonul barrierlapes iskimpesgdiof suekebarrier
art shall appreciate that
materials as silicon nitride (SizN,), silicon carbide (SiC), or any other such silicon

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 1s baked and exposed to a controlled light source. The
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the generation of a patterned via or trench presunes
conpl eting the photolithography 20 on the first
photoresist layer. As is well known in the art,

phot ol i t hography uses a |ight sensitive photoresist
that is baked and exposed to a controlled |ight

source. The Page 10 light passes through a reticle
that transfers the desired pattern. At block 204 a via

lighs passeb eittolifh @ rétitde fiee 0RMsfeANhE AGFed Pitéri.he third OSG
| ayer. The V|a|s etched up to the barrier |ayer.

bloc 0 he reacti ch

ol adsipg 2R 1A 18 i ot on b e icd ?léi": layer.
range for the 5@&oce_55| ng paraneters may be practiced

The vopis ctabied gippo dhe barsisr tiyer 0At blIbpRQ0MTNO is addeddohe reaction
ranges of 0 to 1000 Wfor RF power, and at N20 fl ow

chhdb8faid a gpasma%Q %@nérﬁt%ﬁ‘ In hRafet 6RAd Qpﬂﬁgﬁﬁﬁoﬁieﬁﬂée f;)r the

having a RF source configured to supp F poer "at“2

VMHz and 2 M{z or re, the, range for the processm
PrRCRSSINgPRFANSHRES THey a@@rle%ataiper%wgrpgﬁwgesm o 40 aerorr at

50 - 600 niforr, at 100 - 600 Wfor 27 MHz RF power,"

poSr raifpes ®F 06 1000 2V KbizR Rpom@neind @ INbCaflowdtick lof B0 F-EQ(RE) scem.
_of 200 - 1500 seem In an even |ess broad enbodi nent

B o RE RO by er o 2

at operating pressures of 100 - 350 mforr, at 100 -
MHg@ng2 Wi lzar mpte, fie 8ok for the pragessingparametess nRyMeaprapiced at
power, and at N20 flow rates of 300 - 900 stem

opéﬁ@lhglﬁi’éb%hfe)é 0f 30 - 6 I TAS at PO LGOY W ForS7 Mﬁémh POV at 50 —
for €ach of the enmbodi menfs described. By way o

of N2 R RIS pfer and SLNTQ 0% pies on A RReAY. 1o an even

Krypton, and Xeon. The inert gas may be used to
less dnoado¢mbwdifrentibiay ischppling t¢ 8200 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.
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renoval of the photoresist: A plurality of different
process. paraneters for
20 system 100 is shown in Table 1. Page 11 Table 1.
Illustrative Process Paranmeter For Stripping
Photoresist with N20 Run # Pressure 27 Mz 2 Miz N20
Phot oresist (mlorr) RF Power RF Power
Rate (W (W (seem (A/mn) 1 350 100 100 900 2960
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 609 8 100 200 200

300 6735 9 35% éggl ;ﬁg“g‘%g's wcesy Rarapgipe 1 ¢ he

process par amet dfer $@ipping Fhetoresist wiklf ¥e@nt " r uns”

adding N20 to the illustrative

Fl ow Rat e Strlp

are shown. The

runs were perforned on a 200 nm waf er

Ru@C. |DuPtasgueach ramMIe Qr eISMIEE N,O Photoresist
(mTorr) RF Power | RF Power | FlowRate | Strip Rate
(W) (W) (sccm) (A/min)

1 350 160 100 900 2960
2 100 100 100 300 3451
3 100 100 200 300 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
3 100 200 200 300 6735
9 350 200 200 %00 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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| thejaggatic matsrials ap eptielisstrs sRptmak@R ) oa

power and N20 flow rate are adjusted. The resulting
photoresist strip rate is shown at the far right of
Table 1. 10 It shall be appreciated by those skilled
in the art that the optinmal flowrates and ratios for
the illustrative gas m xture of Table 1 may change
dependi ng on the type of plasma etch chanber, the
substrate size, and other such variables that are well

a VOO by iRod R 36cIP I £drBon Hfbxﬁ&l?%@o(ggtg: %jf:o? 'jpo : se® BPrenL(%vlirﬂg the

shall al'so be appreciated by t lnary s

in the art that, the,sel-ectipn of. tenperatures, power
pho@esis LR abl b e P e HisHer PRt Hipit Fes without

present invention can vary wi dely and that those

dampgiopfthe DSteiayien Bhereds u didlyselentivity lexaenl the fasibhvddresist layer
as a limtation. At block 208, the plasma strips the

t i . . .
oo LRLER) Sn LSO ANBELEHEIHGS ERAROTET S 1oRpgh
For purposes of renoving the photoresist, it is
pheferastshlaygr gud thelbid Q%Ggé}‘ﬁreve hi gher phot or esi st
strip rates without danmaging the OSG | ayer. There is

a hirgé nfeﬁiapﬂ]ieﬁigwe@%sm%%dge P_idgrﬁﬁ thE101a0 Bl Giadid Rz is
|

and the second cap | ayer. ionally, there is a

ool bl P ke B O B B i

organic plug for the via. The organic plug is wused to
progessv ekt processitdosk 2 Hy thadrgaciopleg és gendrited byrappbing ayerganic
during the trench etch process. At process bl ock 210,

o 251 P BhE - EEhAIRS, B BRPY LA AR o SR tppitin,
examl e and not of limtation, 10 _the organi c nateri al
piterg gntireflective

antireflective
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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coating (BARC). The illustrative organic ARC and/ or
BARC is designed to absorb [light. At process bl ock
212, N20 is added to the illustrative reactor 100
using the illustrative process paraneters described
above. At block 214, the N20 gas is 15 energi zed and

t he BARC or organic material is etched back to produce
the desired "organic plug". By way of exanple and not

coBburrénfly BRdre@ith ahli SviAEKY erﬁe@ew HtohfaRd Wyligferéii%bg ht
that is either equal to the desired trench he|g t, or

ﬁégeed‘{i‘a Z %e& dPEﬁrth?ﬁ%E]Sﬁé%%iﬁ S flr(\pl]ﬁla Jgﬁp%pgq{ggst is patterned

formation and to prevent via faceting. A nore
foddiedirdnetl atiiissguencen Bieauethodeherpiuadedsan bkeckozigeinavhich a
an organic plug is described in further detail in the

LTSRS ok 147 O R0 RO TARISS vo

concurrently herewth and vvhr ch_ is hereby I ncorparate
is pgain appliededing e oeek ParsnetgHulateribehahayee Motk the N,O
is applied. The photoresist is patterned for the

is bfiedpizad @hdhhes epunie e tHepihaoresRERyRr e detsrdnfoved.
bl ogk 218 in %chqgugtrenhﬁﬁl S etched into the second

cap the,thir y | ock O N20Q .5 :
=P 255 SR k% nehg torbens e s sl o pphEciard tha
descrl bed above. At bl ock 222, the N20 is energized
thexmgthadedasegbed abgylepgrmaits thermnppmcmfebq: photbrepist taabeperformed in
both renoved. Those skilled in art having the benefit

thé)§an§@fe%cfﬁr5tﬁét9§ HE1 P @ﬂchlr%pﬂﬂé%hﬁhﬁsﬂ lH?ér anﬁriﬁe R RYer. This

descri bed aove permts t stripping of
qpliotoresn 0 .be rforrred in. the same re ct
resudts in greatlyredycing Hgleh"értaﬁli?slﬁ np e t@ét%lnst @E@ e" to

| ayer. This
another reaction chamber for stripping. 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 (NH;), oxygen
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10 results in greatly reducing cycle tinme as there is
no need to transfer the wafer to another reaction
chanber for stripping. Additionally, since the wafer

or substrate is not exposed to ambient noisture, any
pol ymers generated during etching that were difficult
to renove due to exposure to anmbi ent noisture, can now
be nore easily renoved in the subsequent strip/clean

(O, 2@ ARG troFdH AERydbhénd (NJ/MH.3 ighélnﬁ)lﬁt{lfé? Bh§Rg iR com?aéﬁson of

reduces the need to performa’ waferless auto cl ean

: renove pol s deposited o e chanper walls fro
the; GH50e RO dssastoRa e aRdd FTIR) e AP ROt pmots i a5t e d detect

by those skilled in the art having the benefit of
charyes inlis dhsgatiee OS&l ntabaridy Foethe conpansbdmadslanket CORAL™
described in this specification my be used in ex-situ

. . . ) Do he
wal Aol W MELAHECOSEmaiel Puribe Bifolrrbipi
ot her conmmonly used_ strjpping gasses or gas_m xtures. .
CORALLY waferexasgnposediidifsreniigapsenite detegninetchangesigrthe ratio of
gases or gas m xtures include amonia (NH3), oxygen
theFSi9€ pédk {Dihk Si0féak hThei Jir©aed SED Peilsdhiare di¥aked ) the OSG
gas m xture. During the conparison of the gasses a
ourier TransformlInfrared (FTIR) spectrophot oneter
used to detect changes in an illustrative OSG
material. For the conparison, a bl anket CORALTM wafer
was used as t h€ableldisCoptparso@sE Vardars GasesDur i ng t he
experiment, BheppingCRRhéreskEironRan OFOIG ek O

di fferent gasses to determ ne changes in the ratio of

LATE JI't K. L e oI J 1 P dl po Cdk -
i i caf ‘gkg’ﬁgﬁtﬁes I}rSSSPFS'éGa g? | ZMPz T%mf.kf?gte @h_ange; n
Wwar | s &ircay \/ar(;tan}grr < BRE 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%
0, 1000 330 200 100 10595 4.1%
Ny/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 NH; strip rate, however N,O stripping operates
with significantly lower power demands than NH; 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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Stripping a Photoresist froman OSG Layer 10 Gas Fl ow
Rate Pressure 27 MHz 2 MHz Strip Rate Change in

M xture (sccm (mlorr) RF Power RF Power (A/m n)
SSCSIO (W Ratio N20 300 350 200 100 5779 1.8% NH3
1500 350 600 O 5470 2.5% 02 1000 330 200 100 10595
4.1% N2/ H2 1900 (N2) 470 400 400 4150 5.0% 600 (H2)
Table 2 shows that the N20 results in the | owest

et LSO B . i 0di ¥

OFERATe M %3 BRI EORY Bherkl 158 Giciil i€ osc
Not.i ce that tge N2O a strip rate_ is_conparable to the

majeralsg degrable becaysgeyulating raisgsithe kiviadp Q3G mmtepials
significantly | ower power demands than NH3 stri pping.

AddiRdfariallty FINRGA thtdughHI0) 3EBthefyigistowhanpsshb®icsriew of the
generation associated wwth NH3 stripping. Furthernore

B TS kDB DR Bab 5 G Bomei

coxidation of the OSG material. Less oxidation of the
viewof theellustirativa K- slesdturgthawingacfitst ergsniciphotoresishB82s second
the k value of the OSG naterials. Referring to FIG 3A

intléﬁg@&igﬂié gﬁg t@%e%gr?gbg :dfiird OSEIAYEr Tk, L@ TEbEIHE birfl 18fer 308. As
p sequence of the flowchart “in

desF(I;n%edzabO\Etia,gthe ﬁ‘ﬁ;s?r%%% 18 rgtrlucs’r?lgg 1Is Irpio%itir:med in the illustrative reactor
100. FIG. 3B shows the illustrative IC 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
0SG layer 306.

In F1G. 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 infer alia the visibie 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 orgé.nic 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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5 viewof the illustrative IC structure having a first
organi ¢ photoresist 302, a second internediate cap
| ayer 304, a third OSG | ayer 306, and a fourth barrier
| ayer 308. As described above, the illustrative IC
structure is positioned in the illustrative reactor
100. FIG 3B shows the illustrative IC structure after
performng the via first etch in process 204 where

prdchfs 18 TP ohelf PR o Gold e SErEk iy Wi i 056

shown the illustrative |IC structure after_ having added
layere Thapzanioplugrddageventsthe faeeting ofdpe nip 3He At FIG. 3H, the IC
phot oresi st |ayer 302 from process 308. The remaining

strhétufd shbWwhe fien el thepRbtorbdist dodah¥ bfdabieplagRsingtBé N,O
304 and the via 310. Referring to FIG there is

shown the illustrati,Vv C str e after adding an
st essescrit i e Rt CoiHee?3: s “eacr | bad 1 n

process block 210. In FIG 3E an organic plug 314 is
shoWrshalltbiei apprdesated by e of hadinanyaskilt impthe gridtsitgsthe benefit of
generated by applying N20 and then etching back the

thig ?%?msﬁr@ﬂh%&hélﬂettﬁﬁ% Q?’@ Cﬁéﬁﬁ?sdthb %tlj%ligﬁ% ﬁg&w% pahgpgtraﬁﬁt% e

In Fl F, structure

ddi ng. a_| ayer of photqresist 316 as descri bed | )
PepRed byige sqg rﬁqﬁs@rd}ssé Fanctohgite Bﬁ@tp@sw& anf%b the QG enterial
20 etching. The trench 318 is then etched as shown in

ThE bénef3 oipedtotning the strippiry Arcdickingprodiagm the spmeeession
218. The trench 318 is etched into the second cap

o RN T e e
of hidioplosoreiall Gpprea I rhtcisyetcRBon Tacthods Sescribed 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 fouxith
barrier layer. The photoresist layer is an organic photoresist as described above. The
illustrative second intermediate layer 1s a hardmask layer composed of such hardmask
materials as silicon nitride (Si$N4), 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. 5
It shall be appreciated by those of ordinary skill in
the art having the benefit of this disclosure that
the nmet hod 200 permits the stripping of the
photoresist to be perforned in the sanme reactor used
for etching the photoresist and the OSG material. The
benefits of perform ng the stripping and etching

BIPACKEDFAMDNDEM SR ARy o8RG 1sLOR OSTN ARGl A" £dAESRAIPSRe OSG
above. Additionally] those skilled in the art having

ok R A L A3

specification may be used in ex-situ applications.

iliRefative fogrth barfFletlayér ishemeposed sif eueh barficomateaials dswilieon nitride

met hod of stripping a photoresist in a trench first

. D . sist is applied to
(SN, FCTROT ERBIEY (HET 5 aonRAI EEC ] ayer - The
illustrative IC structure includes a first 15 organic
phot oresi st |ayer, a second internediate |ayer, a
third OSG | ayer, and a fourth barrier |ayer. The

photfhe Riwihattay FIGI 4 daserie@ahé mefbAt 4DV pérfdsming a trench etch
descri bed above. The illustrative second internedi ate

. layer is.a hardmask .| ayer. conpos of, sych har.dmask .
in R8st RGHTR Bin g rin e SR oAl Rupta B it s
(TaN), titaniumnitride (TiN), or silicon carbide
initigie@)at pieeshiziodnd 8k imwhech e illsstratizd ICssetade biviag @dpench
| ayer because 20 the IC structure is directly exposed
Do ) AR PP s ByFL R DARIRATA R RN k3100, The
| ayer such as CORALTM  an Page. 17 BLACK DI AMONDTM or
mefhRd BeR rosadhiogmectsasisn ‘g%l.n wgkscll]tai tginghiis etehebintgthe second
mat erial nay al so be a porous OSG (p0OSG material as
intekesaiiath derduaskdayefhe

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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illustrative fourth barrier layer is conposed of such
barrier materials as silicon nitride (Si3N4), or
silicon carbide (SiC) as described above. 5 The
flowchart in FIG 4 describes the nmethod 400 for
performng a trench etch in the illustrative
structure having an internedi ate hardnmask | ayer. The
nmethod is initiated at process block 402 in which the
: I

uspl ISR EAHHS: & EpkEiitof 4 lcBRofdrsRichs o A8 Bpe of
illustrative reactqor 100Q. The 10 nmethod then proceeds

haf@“ﬁ‘i‘d’@%@§alata§6 myeRplsch a trench i s etched into

the second internediate hardmask | ayer. At process

bl og% Wk 4 G N s isaaid@tapdicdhie ilhedetive By SBanper atpictess

plasma is generated. The operating paraneters for the

L. Qf QLesi s re simlbar to thgse .
ARl ey Ao LG EP L ThE bR Rish Rl Ssfmel MEERgpe o0 s
fromthe structure and 15 generates a volatile
enpigizndomddhe ginpattessabphotaesist layenistthehstsipped with thg N,O plasma.
between the first photoresist |ayer and the second

har qwaskethay Blen aebdds o0 g_&ﬁéfateté%%gaﬁié _p%é‘%'&hhe via. At block

selectivity between the Tirst photoresist layer an

the third G | ayer. At ocess bl ock 408, another

417, hetotigtiis Bt Henpiayid by B ARine argaie magripugh s BARC
This other photoresist layer is patterned to for via

or &RB s deschibetl laboke.4AD blowk 426, Mi,@ i§ asddierctelt bidkdthe BARC or
the second hardmask | ayer, and the third OSG | ayer. It

ATSE E ' skill in the
0 brosficP B SRl e pRASE ReaMUIME °5o e 15

used for via etching are dependent on a vari etci{nof .
par blackA 18, the previguslv gtg,lgeddfench pattern in 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. 57 there is shown an isometric view of the
trench etch and strip sequence 500 described in the flowchart in FIG. 4. Fig. 5A
shows an isometric view of the illustrative IC structure having a first organic
pﬁotoresist 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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hardmask material, and OSG materials. At block 412,

N20 is again applied to illustrative system 100 at

process paraneters that are described above. The

plasma is then forned when the N20 is 5 energi zed and

the via patterned photoresist layer is then stripped

with the N20 plasnma. The nethod then proceeds to

generate an organic plug for the via. At block 414,

Pk e| £.4.1 | .

S"?ngﬁ ?g%ﬂg%ri al gst%%%%gggsgﬁ nq%lrnfck@ gs e%llcdp]? e ed into the

abo ﬁéﬁéAt EI ock 6%6 N20 is used to etch back the BARC
Segpn Mask 1358364 t he desired organic plug as

descri bed above. 10 At bl ock 418, the previously

et clrFIG: §Qcthereat tkown the illostrétivelltstudtaneaificr havingddded the

to trench etch the third OSG | ayer. As previously

S ters for X
DB ph RS UL 107 Tpe SGLATR R el g o s
paranmeters as the IC structure such as the hardnmask
therpheipresist daner S8Sand lesventhe tranichatthed hardmbskclaya2t®4. a
N20 plasma is used to renove the organic plug. 15 ,

Ref Qefrihgltd FIGES Dthelel1s Shisiin BGIRafi eI sthrfcr$feer 38ding

isonetric view of the trench etch and strip sequence

500 descri.b in. fl,onmchart in FI 4. Fig )
angihdr 555 0F Bttorist 19 e AR OeHdn procst pleck 4Rb{ i HG. SE a via
structure having a first organic photoresist |ayer
51469¢tched atoige 10 strucrent atdestribathindiotloy By, BIIZ, SFshosrttie IC
CSG | ayer 506, and a fourth barrier |ayer 508. The

strhétpd ai%lg?eﬁ; : b9t éjﬁ%O !s\?i’sbtefol RARy8 t%ﬁlﬁ%@%e%ﬁ%é?as

patterne o the phototes ayer.

abgve,, e dllustrative IC structure is positioned in
deﬁ%@eﬁﬂnbgqqka‘{lﬂve reactor 100. FIG 5B shows the

illustrative IC Page 19

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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structure after performng the process 404 in which
the trench 510 is etched into the second hardmask
| ayer 504. In FIG 5Cthere is shown the illustrative
| C structure after having added the N20 from process
406 to chanber 100. The N20 is converted to a plasm
that strips 5 the photoresist |ayer 502 and | eaves
the trench etched hardmask | ayer 504. Referring to

- 5 i hown the.illustrative |C st fure
infffion” MG et GBIkl g b 43hset 6 3hase skl in'The art upon
described in process block 408. In FIG 5E a via 514
reyigwing tedlesenipgionh e Thes, she saiperef the imbeation berhld beldetsginined by
"410. FIG b5F shows the IC structure after performng
thé tad r ' : -
A S S i, A SRORNE SRS I ebRpRaD wiich 3o Hlaims are
engﬁe%irSt appl ying an organic material such as ARC 516
escribed in block 414. The 1C structure having the
applied ARC 516 is shown in FIG 5G In FIG5H, there
is shown the I C structure after an N20 gas descri bed
in block 416 is used to etch back the ARC 516 to
produce the desired 15 organic plug 518. At FIG 51
the OSG | ayer has been trench etched to the desired
depth as described in block 418. Finally, FIG 5J
shows the resulting I1C structure wth the desired
trench 510 and via 514. The resulting I1C structure is
generated by applying the N20 pl asma described in
bl ock 420 to renove the organic plug. Al though the
description about contains many limtations in the
specification, 20 these should not be construed as
limting the scope of the clains but as nerely
providing illustrations of sone of the presently
preferred enbodi nents of this
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Page 20 invention. Many other enbodinments wll be
apparent to those of skill in the art upon review ng

the description. Thus, the_scope of the invention

shoul d be determ ned by t Aagﬁnded cl ai ms, al ong

with the full scope of equivalents to which such
«Whhpisnbained is;entitled. 5 Page 21 CLAIMS Wat is
~claimed is: 1. A nethod of stripping an integrated

cirgujt (I ructure having.a oresjst, material, .
1. S Gl e 1 Bu S S D FSBge ol S phlovesis
etched into said IC structure, conprising: feeding a
maieriyl ansorganqfieliqatp alpsyaSGhmetesial anta via etchpdniatasaihIC structure,
plasma in said reactor; stripping said photoresist;
comprieingt i ng an organi c plug that occupies said via, and
stripping said organic plug with said N20 gas; and

en j 2 hi ghs by¥d n said photoresi st
a2 Ehifols BRRINGG) ikt ity RECRE ey bi i o d

photoresist is an.orggni c photoresist. 3. The nethod
of BFMFAmE F@Pﬁn§%a(§e%clt It ppi ng said photoresist is

one of a plurality of steps perforned during a dual
dansisipping spidoptederesist;

generating an organic plug that occupies said via, and stripping said organic
plug with said N,O gas; and

generating a high selectivity between said photoresist and said OSG.

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.

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

in the same reactor used for etching said OSG miaterial.
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4. The nmethod of claim3 wherein said stripping of
sai d photoresist is perforned in the sane reactor
used for etching said OSG naterial. Page 22 5. A
met hod of stripping an integrated circuit (1C)
structure including a first photoresist layer, a
second internediate |layer, and a third organosilicate
glass (0OSG |ayer, conprising: feeding a nitrous
oxi de (N20) gas into a reactor generating a plasma
in j d
> pI agﬁrﬁagh%(gner a Rl%%gﬂ{nh Fdeu?t(l e‘!t: ﬁv\}tgle‘“l\rﬁﬁrIsgI}1 %%{
hotores nd sai.d condl
phaidr SRR ?fﬁ%%mgeéﬁnéﬁs%?% b GRare Pt ARG B
said plasma; and generating a high selectivity between
NaygapUBRRE phot oresi st | ayer and said third OSG
| ayer. 6. The nethod of claimb5 wherein said
phoﬁegcheg raitrdus oxidedNof@hgas ipteatrenddet; st . 7. The net hod
of claim5 wherein said stripping of said photoresi st
I s geacfatingeglasiva ih kedd sawowry eact or used for etching
said OSG | ayer. 8. The nethod of claim5 wherein said

st rgtﬁispxﬂgsas@pﬁotm@fsp«;ﬁﬁbﬁ&pla‘ém@ne of a plur allty of
steps performed during a dual damascene process

T e R 81 SLRLRAT, BAGLEI G PSRN 159&%5&@55 ate

second intermediate layer;

stripping said second intermediate layer with said plasma; and

generating a high selectivity between said first photoresist layer and said third

0SG léyer.
6. - 'The method of claim 5 wherein said photoresist is an organic photoresist,
7. The method of claim 5 wherein said stripping of said photoresist is performed

* in the same reactor used for etching said OSG layer.

- 8. The method of claim 5 wherein said stripping said photoresist is one of a

- plurality of steps performed during a dual damascene process.

9. The method of claim 5 wherein said second intermediate layer is a cap layer.
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10. The nmethod of claim9 wherein said cap layer is a
sel ected froma group consisting of Silicon Dioxide
(Si2) and Silicon Oxynitride (SiON). 11. The nethod
of claimb5 wherein said second internediate layer is a
hardmask layer. 12. The nethod of claim 11 wherein
sai d hardmask | ayer is selected froma group

10.CONFh&inehdd OF clairh O Gaerdth kil @8p @b&%)seleate@mhmgr
Nitride (TaN), Titanium Nitride (Ti N), and S|I|con

corisiifik 8EsitiSbbioxddh (stoEhAficdh c@&)ﬁﬁﬂ& flgiepg. via first

phot or esi st Iayer, a second cap Iayer and a third
organosilicate glass (OSG layer, conprising: etching
a via into said secqond cap | ayer and said third OSG
11| qy Ehe method of plairg S sdierein ﬁfﬂé ﬁe@ﬁéﬂwﬁwd&te ey ahpedaagk
nitrous oxi de (N20) gas; generating an organic plug
laygd t hin said via; and stripping said organic plug with
said N20 gas. 14. The nethod of claim 13 wherein said
organic plug within said via occupies part of said
third OSG | ayer. 15. The method of claim 14 further

12. c ONphd Mbih@d oEEGH 1O wﬁeﬁﬁwhaﬁhﬁs@ay& i§ 84681 £8M a group
| ayer and said th|r OSG | ayer and appl yi ng anot her

const sﬁﬁéﬂ ii%‘iﬂ*:&{ ﬁﬁhﬁé ( ﬁ%ﬁ "TanbAGH Ixﬁﬁnd]e‘iTaﬂ‘ erlﬁgfuﬂfﬁltﬂﬁe (TiN),

i'sing, stripping”sal

mmgéfsﬁxﬁﬁﬂ Z§%5|St | ayer and sald organic plug with

13. 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:

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

stripping said first photoresist layer with a nitrous oxide {N2O) gas;

generating an organic plug within said via; and

stripping said organic plug with said N>O gas.

14.  The method of claim 13 wherein said organic plug within said via occupies

part of said third OSG layer.

15..  The method of claim 14 further comprising, etching a trench into said second cap

layer and said third OSG layer and applying another first photoresist layer.
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17. The nmethod of claim 16 wherein said photoresist is
an organi c photoresist. 18. The nethod of 17 wherein
said stripping said photoresist is one of a plurality
of steps performed during a dual damascene process.
19. A nethod of performng a trench first etch. with an
16.| c Chgmethod ef slag I futhencomprising, skppmesadatherdyey | a
second hardmask | ayer, and a third organosilicate
photgregiss layeOa@) sdidgrganicobrgpwitls saig N26tgabi ng a trench into
sai d second hardmask | ayer; stripping said first
phot oresi st layer with a nitrous oxide (N20) gas;
appl yi ng anot her first photoresist |ayer for
17.pertiy Mei8d af Mhith €4 ShereirfafdpitordsiViifah Hlg@nePhdios@send
hardmask | ayer, and said third OSG | ayer;  stripping
said other first photoresist |ayer with said N20 gas;
generating an organic plug within said via, and using

said N20, gas trip said arganic, plug. . Page.25 2Q.
18. S Fhrupaibdt 8 | Evirie™Ciaaha S04 Pudlaisdisis o8 b ity
Wi thin said via occupies part of said third OSG
of sfegy gerformpd dyrag Prétlﬁ]dgmt?ﬁceéllei’r‘?ﬁe% further conprising,
etching a second trench into said third OSG | ayer.
22. The nmethod of claim 21 further conprising, using
said N20 gas to strip said organic plug. Page 26
19. 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
(OSQ) layer, comprising:
etching a trench into said second hardmask layer;
stripping said first photoresist layer with a nitrous oxide (N,O) gas;
applying another first photoresist layer for performing a via etch;
etching a via into said second hardmask layer, and said third OSG layer;
stripping said other first photoresist layer with said N,O gas;

generating an organic plug within said via, and

using said N»O gas to strip said organic plug.
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20.  The method of claim 19 wherein said organic plug within said via océupies

part of said third OSG layer.

21.  The method of claim 20 further comprising, etching a second trench into said

third OSG layer.

22.  The method of claim 21 further comprising, using said N,O gas to strip said

organic plug.
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