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M N M ZI NG THE LOSS OF BARRI ER MATERI ALS DURI NG
PHOTORESI ST STRI PPl NG BACKGROUND Fi el d of Invention
wab@spes33ent i nvention relates to the m ni m zi Pgr/os20041€37376
| oss of a barrier layer during the stripping of an
organi c photoresist. Mre particularly, the invention
relates to the etching of an integrated circuit (1C
structure having a barrier material such as silicon
nitride or silicon carbide. Description of Related Art
Sem conductor devices are typically fornmed on a
sem conduct or substrate and often include nmultiple
| evel s of patterned and interconnected |ayers. For
exanpl e, many semnm conduct or devi ces have multiple
| ayers of conductive lines (e.g., interconnects).
Conductive lines or other conducting structures, such
as gate Page 2el ectrodes, are typically separated by
di el ect MVIENEMIZING THEL.OSSEH BARRIER{MA BERIARS
may be coupl edDURENGPHCGBORESET STRIEFENGHr ough
the dielectric material. During the sem conductor
integrated circuit (1C) fabrication process, devices
such as conponent transistors are fornmed on a
sem conduct or wafer substrate. Various materials are
then deposited on different layers in order to build a
desired I C

BACKGROUND
Field of Invention
The present invention relates to the minimizing of the loss of a barrier layer
during the stripping of an organic photoresist. More particularly, the invention relates
to the etching of an integrated circuit (IC) structure having a barrier material such as

silicon nitride or silicon carbide.

Description of Related Art

Semiconductor devices are typically formed on a semiconductor substrate and
often include multiple levels of patterned and interconnected layers. For example,
many semiconductor devices have multiple layers of conductive lines (e.g.,

interconnects). Conductive lines or other conducting structures, such as gate
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Typi cal Iy, conductive | ayers may include patterned
nmetallization lines, polysilicon transistor gates and
wa b@siudsas whi ch are insul ated from one anot herP@I/Uk2004/037376
dielectric materials such as lowk dielectric
materials. In integrated circuit manufacturing, the
elecoobisatd ppicillyseppmted by didestriechstefint(iz. dd@llating material) and
damascene structure are being used to reduce the RC

mef R e el Er el O Bles ARG bl S

In dual] damascene processing, instead of etching the
conBuengrthpaemi¢anduciar dstegrated caei €K )afabrigatitregracessy devices
the dielectric material and filled with copper. The

SUCRESSIEORRE frah §istR IR IOVP: b&RRELERP @eﬁeﬂ é&fgggme.

connected by vias for signal transmssion. To re

t.he RC del ays even further, |ow dielectric constant .
Varighs makpidels oge pr%jpe@é%i.e orreterent Byers ig ardeisiodld a desired IC.

materials include silicon dioxide and lowk dielectric

Typisuslyaobndmitesei layars swghingfudergaresdtd mead] Bz4] oasiends( silicon
materials. Lowk materials are incorporated into |

et §8ea Bt s SOy B RSByl ERPERR i g BRE e

thfat creates trer]ches_ for lines and hol es for vias.
maraly sech anldow-kehabetsicaneateriabsn netal li zed to formthe
i nterconnect wiring. The two well-known dual danmascene

e e e AT N

cf) : 30 elsc?éme? rg:eeng rt rrct:)‘t{n(‘ee ekl)rae:rbreiil(1e r ulsc::j1 ‘? e dagetﬁeylgiccdilll X iated with
and a dua 8 stru g o reduce ays associated with
signal propagation that was present in the prior art aluminum based IC structures. In
dual damascene processing, instead of etching the conductor material, vias and
trenches are etched into the dielectric material and filled with copper. The excess
copper is removed by CMP leaving copper lines connected by vias for signal
transmission. To reduce the RC delays even further, low dielectric constant materials
are being used. The dielectric constant materials include silicon dioxide and low-k
dielectric constant materials such as organosilicate glass (OSG) materials.

Low-k materials are incorporated int;) IC fabrication using a copper dual

damascene process. A dual damascene structure employs an etching process that

creates trenches for lines and holes for vias. The vias and trenches are then metallized-

to form the interconnect wiring. The two well-known dual damascene schemes are

Page 3
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used to protect material adjacent the copper

i nterconnects in the sem conductor devices from bei ng
wW@oiososs3as5 by copper atons diffusing fromthe cPQpPES2004/037376

i nterconnect into the adjacent material. For exanple,

he barrier. | ayer(s) ma rot ect _adj acent
re f“rlef:léeﬁ-s@o‘ﬂ?ﬁ Sﬁéué‘i“‘r%%}‘ﬁﬁ‘ beneh SxstFeIRGSS0i soned by
copper atons diffusing fromthe copper interconnect

| nt Ourhey tej ek dimabdeneqrocaR] ehabNfosé bukldiBfers Are typically
typical barrier layer is also referred to as a

“dif ' Jd e laver” or as_an "etch.stop | ayer".
usehls Tl Rl Elac s o inelinRRecoRefe R Ui patibengigtor
N ) or SiN for short. Another commonly used barrier ;
devigge frois beingipmospredrityl eteppehatims diffilssng frefrettreabpper Aferconnect
anor phous silicon carbide or sone conbination of ‘

intth} A bR SRhERRE Rl exElpl 10 BRI T Bk ajacen

typically used to etch the silicon and oxygen

silicgptcaniAiAgedtBIcaEes fiom Pringipaiseneadebycemner atams difusing from the
m xtures reacts with the IC structure and produces a

coppetQfichedrB@cPity BRS adjbednt silidonaéortSintePashdtedson the
IC and in the reactor. Typically, the process step

that, foll t he et chi of the dielg ic is the "
Fent P Bt i A B relarteinctoat agrbronapor laver” or as an
During the renoval of the photoresist |ayer, an
“etolisthrliapgr g dsnarcommronly ssedeatrieo layeny siliche niridanSsN,) or SIN
photoresist. In the prior art, the oxidizing gas

ol BB 805 B R T B
etching of the barrier layer results in
referred to as amorphous silicon carbide or some combination of SiCxNyH;Oy,.
During the etching of silicon and oxygen containing dielectrics, a flourine
containing gas mixture is typically used to etch the silicon and oxygen containing
dielectric. The fluorine containing gas mixtures reacts with the IC structure and
produces a fluorinated polymer (C,H,F,) that is deposited on the IC and in the reactor.
Typically, the process step that follows the etching of the dielectric is the
removal or “stripping” of the photoresist layer. During the removal of the photoresist :
layer, an oxidizing gas mixture is used to remove the organic photoresist. In the prior
art, the oxidizing gas mixture reacts with the fluorinated polymer to produce a gas

mixture that etches the barrier layer. If the etching of the barrier layer results in

opening the barrier layer, the IC structure is compromised from copper diffusion into

Page 4
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opening the barrier layer, the I1C structure is
conprom sed from copper diffusion into Page 4the
waelp@smeetsss ¢ | ayer. Copper diffusion into the dper/Es1004/¢37376
| ayer poisons the IC structure and conprom ses the
dielectric properties of the IC SUMVARY A net hod of
therdiehovirieglagerp Hooppes shifusioayinio theahielgatriciiapenpaisehs the IC structure!
circuit (1C structure that mnimzes the | oss of :

m@@&ﬁ%ﬂmi@ el &Eﬁcﬁf@?gﬁeﬂﬁs@ﬁﬁe keyer. The IC

strutture conpri ses otoresi st |ayer, an etched
dielectric layer and an exposed barrier |ayer that
covers a copper interconnect. In one enbodi nent, the
etched dielectric layer is conprised of nmaterials that
i nclude silicon and oxygen. In another enbodi ment the
etched dielectric materi &UveVIigORYosed of materials
such as silicon dioxide, silicon oxide, organosilicate

glass, or .fluorinated si]icat | ass. The_ exposed .
Dy B e g R R s B SR e S a7 ByriRRd Eirouit 1)
silicon nitride or silicon carbide. The nethod

striotgdeuttl esmirdadzesgtha 16ssr &ff bayaisr matdriale fifohat banddrides:. The IC
inter alia carbon nonoxide (CO into a reactor. In one

s R B0 S P A TR PPy cposed

m xture conprises CO and nitrogen (N ) Oher gas
barniex tayee that goverde @Ppanthtgaonnesit Unemesahlamtisent, therctched

group consisting of nitrogen (N )/oxygen (O), nitrous
diefg,&ltrgcﬁ 1&18/\%823%0%%@1’ c?f}ﬁ%_e'rl)ais it LRAGR hcdd ByE bRP&dh. (#d another
embodiment the etched dielectric material is composed of materials such as silicon
dioxide, silicon oxide, organosilicate glass, or fluorinated silicate glass. The exposed
barrier layer is composed of a material such as silicon nitride or silicon carbide.

The method includes feeding a first gas mixture that includes inter alia carbon
monoxide (CO) into a reactor. In one embodiment the first gas mixture comprises CO
and oxygen (O,). In another embodiment the first gas mixture comprises CO and
nitrogen (N,). Other gas mixtures include CO and gas mixtures selected from the
group consisting of nitrogen (N,)/oxygen (0O,), nitrous oxide (N,0), ammonia (NH3),
nitrogen (N,)/hydrogen (H,), and water vapor (H,0).

The method then proceeds to generate a plasma within the reactor. The

photoresist layer is then selectively removed with little or no etching of the exposed

barrier layer thereby minimizing the loss of silicon carbide or silicon nitride from the

Page 5
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The nethod then proceeds to generate a plasma within

the reactor. The photoresist |ayer is then selectively
WO ewewesi3mi th |ittle or no etching of the expoRedUS2004/037376

barrier layer thereby minimzing the [ oss of silicon

carbide or silicon nitride fromthe Page Sbarrier .
bartiay &ryer. A thaugihthe e aetaethangsadsinghknewnott ikhvpathegized that the

i s hypot hesi zed that the carbon nonoxi de (CO ‘
ca e () O b g R B0 i potymer

reactor. By minimzing the | oss of barrier |ayer, the .
(C,FhFegtapoyited on ke wadksrangd/ oigthe appraer- i RY sriggnHalg thesloss of barrier

preserved. BRI EF DESCRI PTI ON OF THE DRAW NGS ,

| B HEBYin ENRItEHCBRREY 14 PMRBRiedn are

laylglllﬁéﬂ\/\ihlﬁﬁéﬂtnzﬁofggggﬁpanyi %gdggrpavw ngs wher eig: FIG 1 is

an illustrative system capable of renoving a

photoresist layer froman IC structure. FIG 2 is a

flomchart for renoving the photoresist |ayer and

preserving the barrier layer. FIG 3A through FI G 3F

provi des an isonetric view of an illustrative IC

structure i H F@?qt ' ® HRABNE ed the
met hods des?g@élgi‘)l]%é@ 21_@1’1@%12%61&1% LED Nes

DESCRI PTION In the foll om ng detail ed description,

r ef Blustreive sibdamentstafdhe pressphinyepgon are shown in the

accompanying draWings wherein:

FIG. 1 is an illustrative system capable of removing a photoresist layer from an
IC structure.

FIG. 2 is a flowchart for removing the photoresist layer and preserving the
barrier layer.

FIG. 3A through FIG. 3F provides an isometric view of an illustrative IC

structure in which the photoresist is removed used the methods described in FIG. 2.
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drawi ngs, which forma part hereof, and which show

illTustrative enbodi nents. These, enbodi nents are
waele®soidsatl in sufficient detail to enabl e t hoseCHkB10b€7376

in the art to practice the invention, and it is to be

under stood that other enbodi nents may be utilized and

that structural, |ogical and process changes may be

made wi thout departing fromthe spirit and scope of

the clainms. The folhpy tyai ﬁfkﬁeﬁgjptionis,
therefore, not to t}g ?ﬂa erﬁlﬁrﬁgb rmte Igense. The

| eadi i.git(s), of the reference nunbers in the

Fi gi’? s EQ%?%%@ﬁ&@lqddqua@pﬁpwﬁ@erﬁmﬁo@rma@q ichtheagcompanying
exception of identical conponents that appear in

draminigs pivRichi founespan ersof, artewhidh Sbvoillushati$@BRbodiments. These,
reference nunbers. Referring to FIG 1 there is shown '

i trative,syste apabl e of etchi a silicon
enfiBametS 5F€ e Fiod S SbTABR e T i Shce AR shtla Pethe art to
structure. The illustrative systemis also configured
practicpelnd pventien,rdret it isgebe enddrstgd tHawedthet emboingdttdthay be
and photoresist renoval. The illustrative systemis a

: a h as_200 EXELA
R R R g e e
fromFrenmont, California. The system 100 includes a
deparHnBdrorn A spirihand acend of thegRaimes. rifled fodldveing alethékeidrdedcription
vacuum pressure by a vacuum punp 104 connected to an

s B ko A S, LM 30 P e
nuq%ﬁgfslﬁé tﬁg gigu%esnceglirgsrgo%%g] §c(|) '1:;1>1/e Blgl?rsenxgunggenr, Pv?thgt(}elg eegigép?t(ijon of
identical components that appear in multiple figures and are identified by the same
reference numbers.

Referring to FIG. 1 there is shown an illustrative system capable of etching a
silicon nitride or silicon carbide barrier layer from an IC structure. The illustrative
system is also configured to perform barrier layer etching, dielectric etching and
photoresist removal. The illustrative system is a parallel plate plasma system 100 such
as 200 mm EXELAN HPT system available from Lam Research Corporation from
Fremont, California. 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

Page 7
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Page 7reactor by a dual frequency arrangenent wherein

RP energy from RF source 108 is supplied through a
worbwshusazsnet work 0 to a powered el ectrode 12. PTnaISRB4/037376

source 108 is configured to supply RF power at 27 Mz

and 2MHz. El ectrode 4 is a grounded el ectrode. A

re8 s by al @uad HeusHBPRThE lﬁé(ntt\pﬁereﬁlv‘ﬁr I’er%}g ton ?E_F Squtsy 108 is

and is etched and/’or stTipped wt

to.a plasna state. O her
s ERGE FERUER et pIs AR 0 To 2iPOaY B4 BIEcisoda 19 T heskF source

reactors V\,here R power is supplied to both el ectrodes
1Busivoaigitrel wusipply REussvest @IQHM@@ZMt Efectrode 114isa
described in commnly owned U. S. patent 090, 304

o st = T AP B B 12

in varjious other types of plasma reactors referred to
etehed andlien §tuppyd Botipplesmp|zesmatedby energizing the gasses into a plasma
el ectron-cycl otron resonance (ECR) pl asma reactor, a

stdtel (Caper éﬁgﬂ@ﬂﬁf&[}ﬁ@&kﬁéd r&dctd8Qah ke beﬁ% ﬁﬁﬁsag?e'ﬁ;ors where RF'

reactors ftypically have energy sources

P T e RS b s S et rescon

a high density plasma could be produced in a

deSeritrest iorcomm6alypdedePURS Npatehclo re@9© 304 aﬁh%' d&?@b@ur@: "0®Which is
Lam Research Cor por ation which is also cal

el AR ef BiRe B pReshanar t “of & met hod f 'oPgr enovi ng

o Alternatively, the plasma can be produced in various other types of plasma
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 from Lam Research Corporation which is also called an inductively coupled
plasma reactor.

Referring to FIG. 2 there is shown a flowchart of a method for removing or

“stripping” a photoresist layer from an IC structure. The method described in FIG. 2
minimizes the loss of barrier materials from a barrier layer. The method is applied to

an illustrative IC structure 300 shown in FIG. 3A that has been etched as depicted by

Page 8
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"stripping"” a photoresist layer froman |IC structure.

The nmethod described in FIG 2 mnimzes the |oss of
woaonesioas33sat erials froma barrier |ayer. The neChnwg2008/037376

applied to an illustrative IC structure 300 shown in

FIG 3A that has been etched as depicted by Page 8FI G

FIGB3BAA Jl@ssefibbedn blbdkl Tko 205 of, tht GlustatiNg IC in FIG. f>A is

illustrative | in FIG 3Ais received in a reactor
Refe”'?tﬁhba(:k to FIG 3A there is shown the

reqet\iegsxp?aértepc/tgrlfors Meure that includes a first

phot oresi st | ayer 302, a second cap |ayer 304, a third

di eRefdrring Haak o FBG63 Aathkbmalistshobar thi eudtestiie 1808rucmne that
a fifth layer 310 having a copper interconnect 12. The

1ncﬁ dedSifiAt Qf&ﬁo&&i&tlé}g%t a'}%§o Bec?p 554 &téiscyelectrtc layer

ot orési rlng
descrl bed in bI ock 204 of FIG 2, the second cap | ayer
30G@aufoad hasser lyer 308 cansks fifih 1raﬁ§re? (Blew/ing @ asppheihtensdnnect 312.

the fourth barrier layer 308 is exposed. The exposed

Tﬁé’ Ulshrabiof TCrucA8had A% E@URISHitsh ghgtofréﬁstl lﬁ%&g 3f®

whi ch has the copper i nterconnect

xoDRri5e3ns s hingpracens fseripgd in Slady 4% of Btaoh the Seapnd cap

or gani ¢ photoresist. For the ill ust rat ive exanple, the

layer 3@ gd peothdrdedieRictriclageB3 06 aredEtohed 85d Hle Rfurth KABer layer 308
run photoresist fromthe Shipley Conpany. The

is e&;gﬁsqﬁat ﬁlﬁ!: \g/fggsgg%urtﬁ%%mexy layc':rs';p OAB cgve%so > 1ﬁg layerSBLi% which has

the copper interconnect 312.

By way of example and not of limitation, the first photoresist layer 302 for the
illustrative IC structure 300 is an organic photoresist. For the illustrative example, the
organic photoresist is a 193 nm photoresist or a 248 nm photoresist from the Shipley
Company.

The illustrative second cap layer 304 is composed of such cap materials as
Silicon Dioxide (SiO,), Silicon Oxynitride (SiON), silicon carbide and silicon nitride.

The cap layer 304 provides protection for the underlying third dielectric layer during
the etching and stripping process. The third dielectric layer 306 is composed of such
materials as silicon dioxide, silicon oxide, organosilicate glass, or fluorinated silicate
glass. The selection of the cap layer material 304 depends on the dielectric properties

of the underlying third dielectric layer. For example with a silicon dioxide dielectric

Page 9
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Silicon Dioxide Silicon Oxynitride (SiON), silicon
carbide and silicon nitride. The cap | ayer 304

WQe@sioeh33s protection for the underlying third PCT/US2004/037376
dielectric |ayer during the etching and stripping
process. The third dielectric layer 306 is conposed of

layare themspdey el 304mayilie aompatiedsilien sinichle, siticde carbide or silicon
organosilicate glass, or fluorinated silicate gl ass.

nitthR. Fedr@ahhdsiREatt 08 sS P ﬂ@ﬁ?ﬁ%ﬁé&éﬁ@l 1%Q4tht%ﬁc%%§gg}§er%4 may be

the dieleCtric properties of e under ¥iny

dielectric. |layer.. For exanple wth a silicon dioxide .
cog}ggsg& ef frsﬁlcggdgogdgy%qrpp?w@ %]é?pr} ayEnirydy sjigpnmarbide or silicon

conposed silicon oxynitride, silicon carbide or

nitsidei con nitride. For organosilicate glass or
fluorinated silicate glass, the cap | ayer 304 may be

co il [.OXI conposed silicon , )
oyt fenadie BB d e FORPRRGH R 7204 g ths second
al ternative enbodinent there is no second cap | ayer
cap day ep B Oft s Seen remongd pripeto Be4echayabebtherfasbphotopssiiayer. The
to the renmoval of the first photoresist |layer. The cap

c niEBYb SNV AR ﬁj@ﬂﬁ)% Y
aﬂ;r %?g t he é)rrlgrl?ﬁod f%‘%u?géﬁ%a\[}?ing thg phot g?égggsgﬁ ﬁgﬁ?ﬂ%ﬂmd for
that is described herein may be applied to an IC
re@?Y@&tﬁ? Shotpgesisl laper thahis| degebed egtonthaydis drpyied t8@a IC
or does not include a second cap |layer 304. The IC

strE¢ture tHak eitBésiaciuties 4degond t@fﬁﬂl» 1a8€1335?t0¥ ¥iBed H{)tr fijlcludg Gegseoond cap

dielectric |layer 306. The r lelectric layer

1ayré?§o§.e conposed of such materials as silicon dioxide

The IC structure also includes the illustrative third dielectric layer 306. The
third dielectric layer 306 may be composed of such materials as silicon dioxide (S10y),
silicon oxide (8i0), organosilicate glass (OSG), or fluorinated silicate glass (FSG).
The silicon dioxide may be deposited from the precursor TEOS or silane using CVD
tools made by Applied Materials of Santa Clara, California. For the illustrative IC
structure the illustrative dielectric is represented as SiO, in FIG. 3 and FIG. 4. In
another embodiment, the dielectric layer is an OSG material such as CORAL™ from
Novellus Systems of San Jose, California, or BLACK DIAMOND™ from Applied
Materials of Santa Clara, California, or any other such OSG materials. In yet another
embodiment, the dielectric material is a fluorinated silicate glass (FSG) film deposited

using CVD tools from Novellus Systems of San Jose, California. Additionally, it shall
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silicon oxide (SiO organosilicate glass (0OSG, or

fluorinated silicate glass (FSG . The silicon dioxide
woreapshoesseposi ted fromthe precursor TECS or sPCHIE2004/037376

using CVD tools made by Applied Materials of Santa

Cara, California. For the illustrative |IC structure
betappreqiptgdthyathoseskillef de the ert thattep didesttie dnaterisi Bay also be a

FIG 3 and FIG 4. In another enbodi nent, the

odb® @elddnte ht¥@falitavady SSHUEEYE Jbid 0
P CORAL(tm from Novel | ggg Systens of Sé\nét?]:%seee&ffgreateﬁhan 30%.

Cal ifor.nia, or BLACK DI AVMOND(tm from Applied Materials
of %@Wﬁ%ﬁ, ?Q%T%%FWF ,yeéﬁ@ﬁ@cmeﬁeckgﬁhar@@matenals. An
materials. In yet another enbodinent, the dielectric

illustaivicdartior matdritpihcladedsiicbh aatide g5axg) 6FSH 6 dHBt. Another
deposited using CVD tools from Novell us Systens of San

. - I i a:_;Addi.tionall. Lt .shall Page 10be

ity B g S SR PR e Wi g i &0 & amorphous

_dielectric material may also be a porous dielectric

silipgneraride paspmy combinktien 0&SiVeNyH, Ovs pateicd] bgreatieyer 308 is
than 30% The illustrative fourth barrier layer 308 is

1s6Q8Re 80 of é)ed"fmfrmérﬁ' » Aad bl u | i
asmalteri al i ﬁq’cl udles sc? |coﬁf ﬁ%yii%fl ﬁgaé(éll‘ ﬁ%%drp %V%af oIlF Shall be
short. ther illyustrative barrier material is )
apgqep}ae%ﬁg gh%‘ieoﬁéﬂlb@ﬁu@ﬁm@rtafﬁ%theé?fﬂén%@y@prI@@m:rrptﬂ@u@n from
silicon carbide or some conbination of SiC NgH A
coppygridifusioarrier |ayer 308 is also referred to as a
“diffusion barrier layer"” or as an "etch stop | ayer".

L BB e s led 1 the el
eleg{r];gitl;f | Igl?é conductive interconnect abuts the fourth dielectric layer 308.
Typically, the fifth layer also includes another dielectric material 310 that is adjacent
or “surrounding” the conductive interconnect 312. For the illustrative example, the
interconnect 312 is composed of copper. Alternatively, the interconnect may be
composed of other conductors such as tungsten or aluminum. In the illustrative IC
structure, the interconnect is surrounded by a dielectric material such as silicon oxide
310 (Si0).

Referring to FIG. 2 and FIG. 3, at block 202 the illustrative IC structure 300

with the patterned photoresist is received in the illustrative reactor 100 of FIG. 1. The

photoresist layer 302 is patterned for via-first etching. The method then proceeds to

block 204.
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The illustrative fifth layer includes an interconnect

312 that conducts electricity. The conductive
wonovwroagaznect abuts the fourth dielectric | ayePCB@82004/037376

Typically, the fifth layer also includes another

dielectric material 310 that is adjacent or

"surroundi ng" the conductive interconnect 12. For the

illustrative exanple, the interconnect 2 is conposed

of AQPRGIk 204, HRE NAIstaEVYE cap 8y drB0ArHANAB GHudEivRRliclectric layer
conposed of other conductors 'such as tungsten or

I ' I.n the illustrati | C st t , th .
306 o E B Baie A TUORIG ERTHERT IS 235 EMEC L Lhe AR furine
such as silicon oxide 310 (SiO. Refe ing to FIG 2

corianhify Gas Mixtare tao dkaRilikdtibeepbhdesit oatthe eype off capclvere304 and
300 with the patterned photoresist is received in the

e P 635518, 5RO Fufhoos TSNP PHETHS! comanin

met hod then proceeds to block 204. Page 11At bl ock
gaspmixturenaay linclyde atfivasinedl,) gysen Boagemttiflberide (NF;) gas, a
illustrative dielectric |ayer 306 are etched using a

flubl HQFH RO BE 8hY LHGbARS o tKEMLE: Typﬁzagl.yylpglegiucfrbe&%?ﬂ as has a

containihg gas mxture that 1s applie ependen

the type of .cap_layer 3 nd dielectric |ayer 306. By
Ch%l;?af)‘FOIER%BPE Oér@%mﬁf (géyﬁbrﬁ"ﬁ%ﬁe%ﬁ:y 407 [ipressat integers.
containing gas mxture may include a fluorine (F)

FullBér, stidl, fhé eRBen ddsirhixtere ieley (d¥fude Q@_ﬁnerﬁ%:ﬁsl 4504 a0 By way of
gas, or any conbination thereof. Typically, the

f | uor ocar ho as has _a . .
example and no of ll%n%atlon, the inert gases includes the nobles gases Ar, He, Ne,

Kr, and Xe.

It 1s well known that after etching using a fluorine containing gas, a fluorinated
polymer (C,H,F, )is generated which is deposited on the IC structure and in the
reactor. As previously mentioned, the fluorinated polymer then reacts with well-
known gas mixtures that are used to strip the photoresist.

At block 206, a first gas mixture that contains carbon monoxide (CO) is fed
into the reactor 100. The first gas mixture also includes one or more gases or gas
mixtures. In one embodiment the oxidizing gas mixture comprises oxygen (O,) and
carbon monoxide. In another embodiment, the gas mixture comprises nitrogen (IN,)
and carbon monoxide. Another carbon monoxide gas mixture comprises the gas

combination of nitrogen (N,) and oxygen (O,). Yet another gas m.ixture that would
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chem cal conmposition of CF, or CF H, wherein X,y
and z represent integers. Further still, the etchant
waqgasosrmusassr e may i nclude an inert gas as a di | BemuS2@y/037376
way of exanple and not of limtation, the inert gases
i ncl udes the nobles gases Ar, He, Ne, Kr, and Xe. It
inclisdensdrbok nowroxi deatlsatomprises Hiengasusitrogs axfdeu@df,ie Yet still
containing gas, a fluorinated polyner (CHF )is
t i i i . ! .
an LS SR P RO S Bl IRAGUE GSTpREE i M mmonia
fluorinated polynmer then reacts with wel| known gas
(NH X t Knersleert shidk angrtleer gas dnixdurstthpipowonkd ingbidsraashbaen moppxide
bl ock 206, a first gas m xture that contains carbon
corfiBAS 18 daSCbmibindtesh bfhierdgBe (NSR&APhydi®3en THS). f &S bnother gas
gas m xture al so includes one or nore gases of gas
.mxtyres. .1 n one, enbodi ment .t he oxidizin as mxtuyre
iR 128 S35 BISTRAD 0P IR 45158 FOMBRIRS BATerVAPaR GRiHr
enbodi nent, the gas m xture conprises nitrogen (N)
andThamnbghodtraxprdecedirtotiieck 268 vhrererambasnteisggesierated within the
m xture conprises the gas conbination of nitrogen (N)

reof 8 LY SRR A e YRR B AV LR Bho g, i block

nitrous oxide (N O._ Yet still another gas m xture
21Q,1ke photiresistieyerds selgebvelydemovae veidnpttiesesna pghisof the
amoni a (NH3). Further still another gas m xture that

OB TR, C OB SSRGS oo i

anot her gas o o )
from the barrier layer. Although the exact mechanism is not known, it is hypothesized

that the carbon monoxide (CO) scavenges fluorine from polymerized fluorine
(CH,F,) deposited on the IC and/or the reactor. By minimizing the loss of barrier
layer, the integrity of the underlying copper interconnect is preserved. Additionally,
the use of carbon monoxide in the stripping process enables thinner barrier layers to
be applied to the IC structure, and thereby results in reduced capacitance 6f the copper
interconnect. Furthermore, the use of carbon monoxide in the stripping process
enables the stripping process to be performed in the same reactor 100 that is used for
etching.

For an illustrative embodiment the first gas mixture described above is
composed of carbon monoxide (CO), nitrogen (N;) and oxygen (O,). In a rather broad

illustrative embodiment, the range for the processing parameters may be practiced at
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m xture that includes carbon nonoxi de al so conprises
wat er vapor (H O . The nethod then proceeds to bl ock
waQsswaese a pl asma is generated within the reacrms2y037376
energi zing the oxidizing gas m xture having carbon
nonoxi de. At block 2 the photoresist |ayer is
opsedtiry presdures ofib e @000 thTdrirf 41 ovosr RS 6NEME, 060d W for RF
exposed barrier layer thereby mnimzing the | oss of

PP S, FERIE L R 8 BESRATS I 00 o, an

i s hypot hesi zed t hat the carbon rmnOX| de (CO
CQ dloverajes of Lde 5AG0 sewm pol ymeri zed fluorine (C HyF )

deposited on the I1C and/or the reactor. By mnim zing

the 1j %Siéosofgrogaﬁflhﬁfativ%yé?ﬁboélﬂien't ﬂgsglr ' tIXF Os u;ct% configured to

under | yi ng copper I nterconnect

nal |y use of rbon nDnOX|de |n t he
Su@%i%%@ﬁ?j’% Pb%zg@éﬁaél hithe E30gsalor iteg PIOgPesiRg paraesters may
applied to the I C structure,

and thereby results in

bempeaktied « apacitingnressied G2 E ep peOO hﬂt&f C&@%CHOO W for 27 MHz RF
Furtherm)re the use of carbon nonoxide in the

pofh 87 A RIS 2080 B8 e LRI BECSESS 148085 s,

etching. For an illustrative enbodi nent the first gas
O,rfiow uates ¢€$06rto BEA0 abaneand CEd fiposetendf SRTIODIVRexXi de
(CO, nitrogen (N) and oxygen (O ). In a rather broad

par Shah 8V EY TS PROR MERlri bt S SRt Dbl P B rBR Ldive

of 5 to 2000 mforr, at power ranges of 50 to 1000 wW
systgrn 19, the range for the processing parameters may be practiced at operating

pressures of 30 to 900 mTorr, at 0 to 400 W for 27 MHz RF power, at 0 to 400 W for
2 MHz RF power, at N, flow rates of 100 to 1000 sccm, at O, flow rates of 100 to
1000 scem, and CO flow rates of 100 to 1000 scem.

By way of example and not of limitation, a plurality of operating process
parameters for removing the organic photoresist from an IC structure having a silicon
dioxide (Si0O,) dielectric layer that has been etched with a fluorine containing gas, and
a silicon nitride barrier layer are shown in Table 1.

Table 1. Illustrative Process Parameter
For Stripping Photoresist

Run Press .| 27 MHz 2 MHz N, 0, CO SiN PR
# | (mTorr) | RF Power | RF Power | Flow | Flow | Flow ER ER
(W) (W) (scem) | (sccm) | (scem) | (A/min) | (A/min)
1 400 300 300 200 1000 400 10 10000
2 400 300 0 0 1000 400 5 5000
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power, at N flowrates of 10 to 5000 seem at O flow
rates of 10 to 5000 seem and CO flow rates of 10 to
wGhodS/0$38In In a |l ess broad illustrative enbodP@EN$2004/037376
having a RF source configured to supply RF power at 27
MHz and 2 MHz, the range for the processing paraneters
ma} be practiced at operating pressures of 20 to 1000
nmrorr, at 0 to 600 Wfor 27 MHz RF power, at 0 to 6000

i 3001 3y B lre b AL P2 S 90800y s

rates of 50 to 2000 seem In an even | ess broad
penfprmed pata 2 wrbvuifererit20°Gat Thetempesature temge may vary from 0°C to
illustrative syst em 100, the.range for the processing

5015%! BRI {ﬁ%y DB S oﬁ@%%@gf@&ﬁg@@ﬁ&% 41 R9exld to as

0. to 400 Wfar MHz RF power, at N flow rates of 100
PRo in d@blesbeps é@ sevondsw Therspping ppoiodanap yarysiem 1 (hied] 20
COflow rates of 100 to 1000 seem By way of exanple

secdds NThe@bldetivity Tbt OR. firdt AlTsH sy offtaldREHRE tHb of the photoresist
process parameters for removi ng t he or gafi c
i con

Qtor esi s m structu VI n
P SPaE S 2 eth FercEich Fere iRas I Sudg f 1000. For
with a fluorine containing gas, and a silicon nitride
thetsmconérul theeselatwityhatio bietwdabthe photadeb®t fo the SiN barrier layer is
Illustrative Process Paraneter For Stripping
1o6@ot or esi st

At process block 212, the illustrative IC.structure is re-patterned for trench
etching. It shall be appreciated by those skilled in the art that this process typically
requires removing the wafer associated with the illustrative IC structure from the
reactor 100. The wafer is re-patterned using well known lithography systems and
methods. The process of re-patterning includes generating a patterned photoresist
layer 316 as shown in FIG. 3D.

At process block 214, the wafer is returned to the illustrative reactor 100. The
IC structure corresponding to the wafer is then prepared for trench etching using a
fluorine containing gas as described above in block 204. After completion of the
trench etching the method proceeds to block 216 where the IC structure is prepared for
photoresist removal in the same illustrative reactor 100. As described in block 206, a

second gas mixture that comprises carbon monoxide is fed into reactor 100 at block
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Run Press 2 Mz 2 Mz N O O SiN PR # (niforr) RF Power

RF Power Flow Flow Flow ER ER (W (W (seen) (seem
woOesms38/ mn) (A/mn) 1 400 300 300 200 1000Pd0@S1®4/037376

10000 2 400 300 O O 1000 400 5 5000 Page 14l n Table

t he process paraneters for two different "runs" are
216ngwnblothe 1 Byihs speerd gay mdxtweel thow canpoBesmareh enomixide is then

20C. The tenperature range nay vary from0 Cto 50 C

endhigz&t Bha FAsRBIOINRG td B@sﬁiﬂti@%ﬁgidgd atb{a»e«e Q4 9)?%581‘3208. It shall be

photoresist, referred to as in Tabl e was

, e Stripping period vary. from 10 to 120
R by RS- S LRl e bV pRate pRifinfabis i due e the fis
taking the ratio of the photoresist (PR) stripping
gag Myl anfleeSiN gasahixtateemal hake sesildt md/or different chemical
selectivity ratio of 1000. For the second run the
I Wi i toresi st -4 Q. [
rOfTEEL L Bt [pBR st B e b 0% o Yoss of
iLlustratjve | -structure is re-patterned for trench i
ba‘é‘ﬂ%fﬁilﬁ‘ﬁ?”lalst ﬁseﬁ%lw resultggpingpindmadngihe hss ©f drimi¢rddy¢mmaterials
the art that this process typically requires renoving

duting MebebtoresAGHRbsidg Wrbdesthe i1l ustrative 1C
structure from tlﬁigelﬁré\gctor 100. The wafer is

re-patt er ned ysj 1 k .Lithography systens and .
et Rode T mere Tl cds rgheh Ef(égﬁ dRereny shawn gauyrality of 1sometric
generating a patterned photoresist

views 300 regarding the etching of a barrier layer in which the barrier layer is

composed of silicon nitride and/or silicon carbide as described above. The isometric
views of the illustrative IC structure 300 provide a visual representation of the method
described above.

FIG. 3A shows an isometric view of the illustrative IC structure 300 having a
first patterned photoresist layer 302, a second cap layer 304 composed of SiO,, a third
dielectric layer 306, a fourth layer 308, and a fifth layer that includes the copper
interconnect 312. The IC structure 300 has been described in further detail above.

In FIG. 3B, via 314 has been etched through the second cap layer 304 and the
third dielectric layer 306 to the exposed fourth barrier layer 308. Via 314 has been
etched using a fluorine containing gas mixture as described at block 204. As
previously described, the etching process results in generating the polymerized

fluorine that is deposited on the wafer and reactor.
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| ayer as shown in FIG 3D. At process block 214, the
wafer is returned to the illustrative reactor 100. The
WO 20sne8383 ure corresponding to the wafer is theer/uS2004/037376
prepared for trench etching using a fluorine
co%al nin gaﬁ ag descrj bed abqve in bhlock 204. After
IETTEE B 1the G fhpRolorehitiey o RO4msthsen proewed srom the IC
to block where the IC structure is prepared for

strpdtotob @& The pRowradist 18 réheve@ e sirlpgpedtusaid the rﬁ@tﬁ@ﬁ@ Bescribed
100. As described in block 206, a Second gas m xt ure

hat r arb oxide is dlntor

byl GRRRRIE 2180 18 ATD B S, ipralivdntt et s removed with
m xture that conprises carbon nonoxide is then

plasmer ginzeded from freshisd gas iniktuae thas cdagriseptaonpnondxide. The
above in block 208. It shall be appreciated by those

1nv%|ﬁ'tcﬂrj’ eﬁly cﬁhééqfe ﬂft' Edﬁ@{ e Et?@ ﬂ%ﬁd}cgssgt{l]lgtﬁljsg‘%as dmixt]élre converts

di scl os re that Pst ga sec
m xt ure g@)ﬁ have sim | ar and/or differ ent chem cal
thegpelpmcrized Tuaring e alyBEe R BREE 525, pad e parbon impraxide reacts

with little or no loss of barrier materials, thereby

withesutseh g ges” tHenflidrzhdrobhthe D86 chirbimigs géﬁ)é@ lthat the fluorine
material s durlng t he photoresi st strlpplng process.

3A th h FIG,.3F.t h
coflF e PSSR UG RE RS ob FEOETR6 PRTiFrHg A0 ot cni ng
of a barrier layer in which the barrler | ayer is

conpoSEd. 3D, dielillosmativg YT dieuetnck 00 & delpauterned fordecrad etching as
descri bed above. The isonetric view of xhe

de§c|r B LHALL ;i’r?gxlocﬁg #]E)tckrﬂ 73013‘1601"601%1'96%1?% 151%8@5!3 includes generating a

present a Teth

trench patterned photoresist layer 316. The wafer is then returned to the illustrative
reactor 100 and the IC structure is prepared for trench etching as described above in
block 214.

Referring now to FIG. 3F, the IC structure is shown after the trench etching is
completed and the second cap layer 304 and the third dielectric layer 306 is etched.
As described above, a fluorine containing gas is again used to conduct the trench
etching. After completion of the trench etching the IC structure is prepared for
photoresist stripping.

In FIG. 3E, the IC structure is shown after the photoresist layer 316 has been
removed using the second gas mixture described in blocks 216 and 218 that comprises

carbon monoxide. During the stripping process, there is little or no loss of barrier
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descri bed above. FIG 3A showsan isonetric view of the
illustrative | structure 300 having a first patterned
wWQbwsoss335 st | ayer 302, a second cap | ayer 304PCT/US2004/037376
conposedOFSiO, a third dielectric layer 306, a fourth
’ . i -t . ‘
g et PRgE L o B i BB (RS Rk oF 1RO BRRTer layer 308
des%ribed in further detail above. n FIG 3B, via 4
maiEdipeen et ched through the second cap | ayer 304 and
the third dielectric layer 306 to the exposed fourth
bar pilgroukhyles dedBiptidnaabdié cbmmaﬁm&eliﬁﬁadions limghedspecification,
fluorine containing gas m xture as descri bed at bl ock

[ I [ th t ¢hi n [

s o 3 L SE R S BROR s epeSd U SaPPREET Ruperey
deposited on the wafer and reactor. Page 16Referring
pPravadingdlugaitiaiseishoropbdicareseaylymrefrradambedim s
fromthe I C structure 300. The photoresist is renoved

inv@htish ! MRSdotet BfbbAnERE KAl LTardled 1BORVEE didill in the art upon
bl ocks 206, 208, and 210. In summary, the photoresi st

l.ayer s rempved wi th plasma generated fromt fiyst .
reViaying 5 gleacpHAn ¢ Jﬁwf e SCERT BO I INERtieR sherﬂg be defermined by

i nventor's hypothesize that during the stripping
thepappeadsd thent,) dlohg et tHefullreope oY eqhivaldnes RO JucB@laims are

fluorine to a fluorine containing gas, and the carbon

noxi de reacts with or "scavenges" the fluorine from

em{fﬁ%{%fluorine cont ai ning gas, so that the fluorine

containing gas etch little or none of the exposed

barrier |ayer 308.
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In FIG 3D, the illustrative | structure 300 is

re-patterned for trench etching as descri bed above in
wEe@sess3bl ock 212. The re-patterni ng process PCDUSOE037376

generating a trench patterned photoresist |ayer 16.

The wafer is then returneddpafiesi!|ustrative reactor

1 C structure is prepared for trench

W%?@ﬁi%%nfae?q%escri bed above in block 14. Referring now

to FIG 3F, the IC structure is shown after the trench
L et cHt mypthed ebrasnetiag aphptetesiss iayen frosapn limgeratad dirawid (1C)

the third dielectric layer 306 is etched. As descri bed

strabRVE hadink| MOKEING] §RMAHB1 & 4 1 sai
conduct the trench et chilng&,&fgv?erélgg%?ggtaiﬁﬁgﬁ‘lta?ﬂéwmmm said

.trench etching.the | C structure is prepared for
digRetis %%ﬁfs‘ior%ﬁqfﬁeaﬁﬂi@n epEgensad PHb DR 1935 dypampesed of a

shown after the photoresist |ayer 316 has been renoved
mateiagcldrteds foond ggayp condisting ofesticobairite ahll etlk®n2bébide, said

and 218 that conprises carbon nonoxide. During the

b PRI cess, there is little or no | oss of

m‘%fal\ééri iegllrngggg{g?l?nat erials. This stripping process

results in mnimzing the |loss of the barrier |ayer

308 fivttieg pdlrst go8 migurshinthe reater wheiedm sailddinst ganmaiing:

many limtations in the specification, these should
Coﬂﬁ})ﬁs@becﬁgeﬁtlﬁmi@é&(t' iting the scope of the clains

but as nerely provi |$1)ggillustrations of sone of the

presentl¥ preferred enbodi nents of this
generaling a plasma in said reactor; and

selectively removing said photoresist layer with little or no etching of said

exposed barrier layer.

2. The method of claim 1 wherein said dielectric material is silicon dioxide.

3. The method of claim 1 wherein said first gas mixture further comprises oxygen
(O2).

4. The method of claim 1 wherein said first gas mixture further comprises

nitrogen (N»).
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i nvention. Many ot her enbodi ments will be apparent to
those of skill in the art upon review ng the

wa@le®snig3ss on. Thus, the scope of the inventi onPGHUs10d4/037376
be determ ned by the appended clains, along with the

ful Iy f i val - 1 Q- whi such_ cl ai are .

et Ted el e R TGl e b i e imprises the gas
et hod of renoving a photoresist [ayer from an

mixhirey Peeelgd dreme dhe sroup) consistingnfonygen (0, pmiwoghe@,), nitrogen
dielectric |ayer wwth an exposed barrier |ayer,

(NuHlexyicn (€B),thittoak e&idd @AY SRnfsHIP %ge@&gg&gmgﬂgmgm (Hy),

oxygen and said barrier 1layer is c
rial s ed froma group consisting of silicon
anﬁaﬁfrd\edpé’ﬁgi']gpbi con carbide, said nethod conpri sing:
feeding a first gas mxture into a reactor wherein
said first gas m xture conprises carbon nonoxi de (CO;
generating a plasma in said reactor; and selectively
6. F emyi-Ng=1$8H | St | '@.Iitt.le r_.no
et chi ﬁg % Sgﬁ%@%ﬁ%gﬂi&‘f‘%&ﬁ?%’cﬁ%mﬁ% g}elecglc agerr’r@tlﬁ&?mposed ofa
of claim1l wherein said dielectric material is silicon
megendi sgieciesl frometheegraopl consisting of silishe dédxideaiiled: oside,
gas m xture further conprises oxygen
organosilicate glass, and fluorinated silicate glass.

7. The method of claim 1 wherein said IC structure further comprises a cap layer
located between said dielectric and said photoresist, said cap layer is composed of a
material selected from the group consisting of silicon dioxide, silicon oxynitride,

silicon carbide and silicon nitride.

8. The method of claim 1 wherein said reactor used to remove said photoresist

from said IC structure is also used to etch said dielectric.
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(O). 4. The nmethod of claim1l wherein said first gas
m xture further conprises nitrogen (N ). Page5. The
woRbismdsds claim 1 wherein said first gas m xt BC®US2004/037376
further conprises the gas m xtures selected fromthe
gro si st.ing of oxygen nitrogen (N ),
% hi t ? ‘P\I‘# %ﬁ?‘é‘&g q ‘)to’Fﬁg rémlﬂ@namegyatqum(m)
(NH) nitrogen (N )/hydrogen (H) and water |"'apor (H
stiQpturé haVing amedthoel ffstclicieonit lwheat eh Bxpadcd RL6hEBarrier layer
dielectric material is conposed of a material selecte

widr @ bdﬂ‘?b%?ﬁlﬂ Raye?hs %gﬁagpgescf;éf 2 ch?'t%r?ag c?F eﬁget(g blgﬁsilf lgweconmstmg

OXI org an03|I|ca
ss 7. The met hod of claim1l wherein said |
of, §f1¥q9é1tft}?rédq‘ Y Hbpor eaghide aada thind lapgrethat imchtded a conductive

bet ween said dielectric and said photoresist, said cap

infegyeeihctiSthapamas esidardeRy 6F Ad a SELGRE cﬁglefcﬁ@é%fat@lal adjacent said
group consisting of silicon dioxide, silicon

sil 1 con, car bi dSI|ICO nitri
oo Hthis RiSGeaiicsh ani SRS FEich Deavern wad elheudu diglectic layer
renove said photoresist fromsaid 1C structure is al so
andseid thoddaydr, sangriding: ectri c. Page 209. A net hod of
removing a photoresist layer froman integrated

cir & vin n etched f.i .
di el‘%géc ¥ %:1 CarSts gsqﬁagrﬂl%xllég%é&g%cg o herk%x} 's{fugr:tsrlsta%%srmlxture
comprises carbon monoxide (CO);
generating a plasma in said reactor; and

selectively removing said photoresist layer with little or no etching of said

exposed barrier layer.

10. The method of claim 9 wherein said first dielectric layer and said second

dielectric layer is comprised of materials that include silicon and oxygen.

11. The method of claim 9 wherein said first gas mixture comprises the gas
mixtures selected from the group consisting of oxygen (0,), nitrogen (N,), nitrogen
(N2)/oxygen (O,), nitrous oxide (N,O), ammonia (NH3), nitrogen (N,)/hydrogen (Hy),

and water vapor (H,O).
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wherein said barrier layer is conposed of a materi al

sel ected froma group consisting of silicon nitride
w@ees®id3sTon carbide, and a third | ayer that iPCT/Us®e4/637376

conductive interconnect that abuts said barrier |ayer

and a second dielectric material adjacent said
12.conBtieieod of gt Aebereinatid dicd St Hijertribtyseéncomposed of

said etched first dielectric |layer and said third
a @Bl sc R frsinnde otogdbakididld 684111883 AB:X44BiddM Side,

reactor wherein said first gas m xture conprises

carbhaon nonoxi de,  (CO),; generating a plasma in said
(”g?%%%gﬁﬂ?gﬁﬁﬁa@%158999@F§Sﬁéﬁﬁ%g S.sai d phot or esi st

layer with little or no etching of said exposed

barrier layer. 10. The nethod of claim9 wherein said

first dielectric layer and said second dielectric

, lay IS i sed of .mat.erials-that, inglude silic
13. e ey RO SRR G ou & WS RERHRS Bl RR g cop taver
gas m xture conprises the gas m xtures selected from ‘
locaied bgreemn s phetaragsiohyenamgesaid @rdt, dinletrogleper, kaid, cap layer is
nitrogen (N )/oxygen (O), nitrous oxide (N O,
ia .1 Qi L o o
corifS0 ¢ o ytctial SULEREork Mhd LIRS GHERild di IR WBKRLS silcon
said etched first dielectric |ayer is conposed of a
oxywaireic; silicen cadhide and sicORAIGISUp consi sting of silicon
di oxi de, silicon oxide,

14, The method of claim 9 wherein said reactor used to remove said photoresist

from said 1C structure is also used to etch said first dielectric layer.
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organosilicate glass, and fluorinated silicate gl ass.
13. The method of claim9 wherein said |IC structure
WO eooshes33Tonpri ses a cap | ayer | ocated bet weenPGHIUS2004/037376
photoresi st layer and said first dielectric |ayer,
said cap layer is conposed of a material selected from
15 he Amaethod ofisémoving phatbtdsisnaytir dkirden intdgrarod circuit (IC)
oxynitride, silicon carbide and silicon nitride. 14.

i ' | d_reactor, used to ..
st VT 0% AL Eh e D IF A I8y e BRI hdiRE o 8 piyprein saia
used to etch said first dielectric [ayer.15. A nethod
bagior lapenis fempqsRe v pasaterial selgeed frammagrouptensistiregof silicon
circuit (1C structure having an etched dielectric

nitrfendiliboR Bard 0 $81d Mafhiolonhsty8he: Wher ei n sai d
barrier layer is conposed of a material selected from

a group consisting.of silicon nitride and. silicon .
car gig%‘gng faﬁr&%nﬁst ﬁ’bﬁtuﬁ%}%? ALPAYOT RS IRGal ¢xidwinggas mixture
m xture into a reactor wherein said oxidizing gas

conipxises earbonpmosesdde 4O nwierex selid GEUzingbey Biftufddnprises the
oxi di zing gas m xture conprises the gas m xtures

] oy ; |
aof FYR s AR i PACRD B BBt S5 R0 higideen 0,
_oxXi dedSN O, ammonia (NH ), nitrogen (N )/hydrogen (H

nityogeandNreew §pok nitroud)oxide M5@), angmanial @§AD, hitrapend

reactor; and selectively renoving said photoresi st

I j [y i f id d
(I\TE’)Z%{}?(IHQE'E]? QI)-}Q'I, Eﬁ& Svatér %o?t(ﬁgbﬁﬁg of sal d expose

generating a plasma in said reactor; and

selectively removing said photoresist layer with little or no etching of said

exposed barrier layer.

16.  The method of claim 13 wherein said dielectric layer is comprised of materials

that include silicon and oxygen.
17. The method of claim 13 wherein said etched dielectric layer is composed of a

material selected from the group consisting of silicon dioxide, silicon oxide,

organosilicate glass, and fluorinated silicate glass.
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16. The nmethod of claim 13 wherein said dielectric

| ayer is conprised of materials that include silicon
waeasomsgen. 17. The net hod of claim 13 wher ei PCHEBIH04/037376

etched dielectric layer is conposed of a materi al

selected fromthe group consisting of silicon dioxide,

sil [939G85hdrefipd8d IaEHcn BB Fufthetardnmgiad a ca
18. Si I?lgéa)l eﬂg%dj@ﬁd%nggg 1%%[8%%% nmet hgd of cl ai mm%%ﬁ P

wherein said IC s ture further, c rlsesa
leyer kyusted boiaicen SBi QLo i et Faf SECTHEUEyaR SEE DR er s
phot oresi st, said cap |layer is conposed of a nateri al

comPBkELHES rﬁe[t@ﬂﬁltdé&cﬁécbﬁpncﬂmsgmhp rgnsiftisg bf siticodiddoctide, silicon
ilicon oxynitride, silicon carbide and silicon

njitride. 19. Th th i mwherein said reactor
oxyRidEde. FI¢BhERFBL C%aqr{@ Sﬁﬁg?rgiuetfs%l gt fromsaid I C structure

is also used to etch said dielectric |ayer. Page 24

19.  The method of claim 13 wherein said reactor used to remove said photoresist

from said IC structure is also used to etch said dielectric layer.
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