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5 10 MINIMIZING THE LOSS OF BARRIER MATERIALS DURING
PHOTORESIST STRIPPING 15 20 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 patrticularly, the
invention relates to the etching of an integrated circuit (IC) structure
having a barrier material such as 25 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, 30 many semiconductor devices
have multiple layers of conductive lines (e.g., interconnects). Conductive
lines or other conducting structures, such as gate Page 2 electrodes, are
typically separated by dielectric material (i.e., insulating material) and
may be coupled together, as needed, by vias through the dielectric
material. During the semiconductor integrated circuit (IC) fabrication
process, devices

MINIMIZING THE LOSS OF BARRIER MATERIALS
DURING PHOTORESIST STRIPPING

BACKGROUND
Field of Invention
The prcscnf invention relates to.thc 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.

Descripﬁon of Related Art

Semicoﬁductor devices are typically formed on a semiconductor substrate and
often include multiple levels of patterned and interconﬁected 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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such as component transistors are formed on a semiconductor wafer
substrate. 5 Various materials are then deposited on different layers in

order to build a desired IC. Typically, conductive layers may include
patterned metallization lines, polysilicon transistor gates and the like

which are insulated from one another with dielectric materials such as

low-k dielectric materials. In integrated circuit manufacturing, the

combination of copper interconnects 10 and a dual damascene structure

are being used to reduce the RC delays associated with signal
gropagationdngtivaly Bepaentibn eI AS AENAUTEDARR e material) and
structures. In dual damascene processing, instead of etching the

wapdectonshatesiaithins aneedenees A eetrhadintgdne dielasti.

material and filled with copper. The excess copper is removed by CMP

|eavin@mﬁg%dia@ﬁi@@ﬂmm&&%é%ﬂqﬁ%@ﬁﬂﬂé&ﬂ&?@&é& devices
reqluce the RC del_ays even further, low dl_elec_trlc constant ma r!als are
mgsm@b&mem&m&%%m@&r@@fﬂ@&fﬂ&é{u@m?%%%gg
low-k _dlelectrlc constant mater_lals such as Qrganosﬂmqte glass (
m@ﬁakﬁmﬁmﬁa&ﬁaﬂ&%m{ﬂ@gd@IQ?%JQP&%E‘ o b‘{ﬁiﬂ%l Yesired IC.
copper dual damascene process. A dual damascene structure employs
NGHracessd ) Ij holes for vias. ..
TSI, A L

The vias and trenches are then metall o form

dARie welinawndual daRseeneStiel 83 A8, Da983, with dielectric

materials such as low-k dielectric materials,

In integrated eircuit manufacturing, the combination of copper interconnects
and a dual damascene structure are being used to reduce the RC delays 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 exéess
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 into 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
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referred to as a via first sequence and a trench first sequence. During the
dual damascene process, one or more barrier layers are typically used to
protect material adjacent the copper interconnects in the semiconductor
devices from being poisoned by copper atoms diffusing from the copper
interconnect 5 into the adjacent material. For example, the barrier layer(s)
may protect adjacent silicon-containing structures from being poisoned by
copper atoms diffusing from the copper interconnect into the adjacent
silicon-containing structures. A typical barrier layer is also referred to as a
rediripsion darride AR seaperra Andadresipiiasiartg®neccommonly used
barrier layer is silicon nitride (Si3N4) or SiN 10 for short. Another
commioniyngsbd Bealidadmpeeis pilteesscarside mhichbistids dasefereiypiaslly
amorphous silicon carbide or some combination of SICxNyHzOw. During
\thesl eogimioig o frsitedinl adghostyitbn coppemimg disieetric thé eesti@nductor
containing gas mixture is typically used to etch the silicon and oxygen

deoitesrirg tisiier s el fiyarippcontainiiifgasnp ikiiredseapiemitietbennect
IC structure and 15 produces a fluorinated polymer (CZHYFZ) that is

ileposieiboninedteraadrrbearpsielahe Dupitallny e Prasesoeianiialent

follows the etching of the dielectric is the removal or "stripping" of the

sphesgresistilayer sPuined e RaNalpditba el wiaesier Jauas ANz the
gas mixture is used to remove the organic photoresist. In the prior art, the
psbzingeaamAYs Weorarcis;with e Sunrinsiac nlwmesipproduce a gas

A typical barrier layer is also referred to as a “diffusion barrier layer” or as an
“etch stop layer”. One commonly used barrier layer is silicon nitride (SizNy) or SiN
for short. Another commonly used barrier layer is silicon carbide which is also
referred to as amorphous silicon carbide or some combination of SiCsNyHzOw.

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
pfodﬁces 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 etchés the barrier layer. If the etching of the barrier layer results in

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

Pape 4



0

15

20

20 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 the dielectric layer. Copper diffusion into the
dielectric layer poisons the IC structure and compromises the dielectric
properties of the IC. 5 SUMMARY A method of removing a photoresist
layer from an integrated circuit (IC) structure that minimizes the loss of
barrier materials from a barrier layer. The IC structure comprises a
photoresist layer, an etched dielectric layer and an exposed barrier layer

HBERINAIR 2:50PPELIHE aRRRGSH mtgqﬁfgfggdgln t, the etched 10

dielectric layer is comprised of materials that inclu eagiﬁf:'gﬂ%% fructure

dﬂ%ﬁ%ﬁgﬁg&@%@%ﬁé&%%ﬁ d dielectric aterial is composed of
materials such as silicon dioxide, sﬁlcon 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 15 monoxide
(CO) into a reactor. In one emboc_g irst gas mixture comprises
CO and oxygen (02). In another embaodiment the first gas mixture

comprisgs. nd_nitragen (N2). Other, gas mixtures include CO and gas
e A e TR PN S SRS A3h (50

SRS %ﬁ‘?%ﬁ%qgesa@glggsl%%g@ér materials from a barrier layer. The IC

structure comprises a photoresist layer, an etched dielectric layer and an exposed
bafricr layer that covers a copper interconnect. In one embodiment, the etched
dielectric layer is comprised of materials that inciude. silicon and oxygen. In another
embodiment the etched diciéctric material is composed of materials such as silicon
dioxide, silicon oxide, organosilicate glass, or fluorinated sili;:ate glass. The exposed
barrier layer is composed of & material such as silicon nitride or silicon carbide,

The method includes feeding  first gas mixture that includes infer alia carbon
monoxide (CO) into a reactor. In one embodiment the first gas mixture comprises CO
and oxygen {O,). In anothe; 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 (O), nitrous oxide (N;O), ammonia (NH3),
nitrogen (N,)/hydrogen (H,), and water vapor (H,QO).

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
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nitrogen (N2)/hydrogen (H2), and water vapor (H20). 20 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 barrier layer. Although the exact mechanism is not known, it is
hypothesized that the carbon monoxide (CO) scavenges fluorine released

baffRP 1R ARRERIBHhE WABEMECRIT W) I SRATHRAAN 18 WASMRBRG(RS that the

the reactor. By minimizing the loss of barrier layer, the integrity of the

ca%%%ﬁ‘&x%?@i@b‘ﬂ%ﬁ%ﬁ%@&ﬁﬁ& ?éYc?a‘%cfi oMt pSRGEhih g)r%? er

prowded a method’of removing a p otore5|st ayer from integrate
cture |th| e or po et of an. exp ed barrier. la
o R R o R (RS AL mi ) B RE g fbarricn
Ia er with an said exposed barrier layer, Whereln said dielectric layer

layearﬁbﬁé@«g%ﬁﬁéfo# PRI UBG R S ARRGH B RARS R S REBHRBESkd of &

material selected from a group 10 consisting of silicon nitride and silicon
carblélet Szstiasiatiodhesemipising dadstiyn eiterine serdativle b iageasissiluyer
a first fluorine containing gas that generates a fluorinated polymer and
freewpotipg aic bauiigl (Ayernsenendith feddiog mncoeddizing gasopodudebarrier
into a reactor wherein said oxidizing gas mixture having carbon monoxide
layérQo@peragizing said SXidiZin-GRAFIC) structure having an etched dielectric layer
with an said exposed barrier layer, wherein said dielectric layer comprises silicon and
oxygen and said barrier layer is composed of a material selected from a group
consisting of silicon nitride and silicon carbide, said method comprising:
firstly, etching said dielectric layer using a first fluorine containing gas that
generates a fluorinated polymer and exposing said barrier layer;
secondly, feeding an oxidizing gas mixture into a reactor wherein said
oxidizing gas mixture having carbon monoxide (CO), energizing said oxidizing gas
mixture having carbon monoxide (CO) to generate generating a plasma in said reactor;
and
selectively removing said photoresist layer with said oxidizing gas mixture
comprising carbon monoxide (CO), wherein said oxidizing gas mixture reacts with the
fluorinated polymer deposited on the IC, thereby minimizing the loss of said exposed

barrier material during said removing of said photoresist layer.

In a second aspect, there is provided a method of removing a photoresist layer
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15 mixture having carbon monoxide (CO) to generate generating a
plasma in said reactor; and selectively removing said photoresist layer
with said oxidizing gas mixture comprising carbon monoxide (CO),
wherein said oxidizing gas mixture reacts with the fluorinated polymer
deposited on the IC, thereby minimizing the loss of said exposed 20
barrier material during said removing of said photoresist Iayer Ina second

frASRRChigHeS Arevided 9 methadk @faﬂﬁﬂ%)m@ﬁ: PROLESHY VG R
a

6 from an integrated CIrCUIt (IC) structur ving little or no etchlng of an

b 8‘1%}?5 5:? @f?éﬁ‘%@ H-GUg (IS d first
aﬁgvmg? an etche % d?e trlc ayer, said @xpose secongéoarrler gye%rs
herel said barrier laye osed of a material selected fro .
S VRIS GRS AR, ST GO o LeTbide S Py
that includes a conductive interconnect that abuts said barrier layer and a
coasid afcrdpaterinbtelistedifieant sy srusisiingiafeitisenartiglggnd silicon
barrier layer between said etched first dielectric layer and said third layer, _
cadziidensetha dhisd dwprisithg! finslydetchivenduididicistarrotest dshgtuts said barrier
fluorine containing gas that 10 generates a fluorinated polymer and
lasexposingssaid ddiclectayansedanalys desdinglanmokidid ingig@sconue said
into a reactor wherein said
barrier layer between said etched first dielectric layer and said third layer, said method
comprising:
firstly etching said dielectric layer using a fluorine containing gas that
generates a fluorinated polymer and exposing said barrier layer;
secondly, feeding an oxidizing gas mixture into a reactor wherein said
oxidizing first gas mixture comprises carbon monoxide (CQO), energizing said
oxidizing gas mixture having carbon monoxide (CO) to generating generate a plasma
in said reactor; and
selectively removing said photoresist layer with said oxidizing gas mixture
comprising carbon monoxide (CO), wherein said oxidizing gas mixture reacts with the
fluorinated polymer deposited on the IC, thereby minimizing the loss of said exposed
barrier material during said removing of said photoresist layer.
In a third aspect, there is provided a method of removing a photoresist layer

from an integrated circuit (IC) structure having little or no etching of said exposed

barrier comprising and integrated circuit (IC) structure having an etched dielectric
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oxidizing first gas mixture comprises carbon monoxide (CO), energizing
said oxidizing gas mixture having carbon monoxide (CO) to generating
generate a plasma in said reactor; and 15 selectively removing said
photoresist layer with said oxidizing gas mixture comprising carbon
monoxide (CO), wherein said oxidizing gas mixture reacts with the
fluorinated polymer deposited on the IC, thereby minimizing the loss of

layRRiCL RERASS MR Bk Fatesaduing-sRith 18 HaYiBYI Sd RRRIRIRIYF a
layer. In a third aspect, there is provided a method of removing a

. . _ ey t ing litt .

m LSRRt I PR ST (R AR BT e i
sgu ture having an etched dielectric Page 6a layer with an exposed

m% Pﬁe‘%ﬂ%&ﬁ’é}? erein said barrier layer is composed of a material

selected from a group consisting of silicon nitride and silicon carbide, said
metHIdtEbrishEmg v ettifrig saigsina dlineins nising aussimghich
containing gas which 5 generates a fluorinated polymer and exposing
gesaidibaprigndmyatedqudnalyr fesbingemneddidihgrgias laxture into a reactor
wherein said oxidizing gas mixture comprises carbon monoxide (CO),
whereitoadig, deidimog gasi dixhy gcomigtisesithe gasiootwksrsgleatdd

from the group consisting of oxygen (02),

oxidizing gas mixture comprises carbon monoxide (CO), wherein said oxidizing gas
mixture comprises the gas mixtures selected from the group consisting of oxygen (0,),
nitrogen (N;), nitrogen (N,)/oxygen {O,), nitrous oxide (N,O), ammonia (NH;), |
nitrogen (N,)/hydrogen (H,), and water vapor (H,0), after etching said dielectric layer
and exposing said barrier layer;

thirdly, energizing said oxidizing gas mixture having carbon monoxide (CO) to
generating generate a plasma in said reactor; and

selectively removing said photoresist layer with little or no etchingsaid
oxidizing gas mixture comprising carbon monoxide (CO), wherein said oxidizing gas
mixture reacts with the fluorinated polymer deposited on the IC, thereby minimizing
the loss of said exposed barrier layermaterial during said removing of said photoresist
layer.

In a fourth aspect, there is provided a method of removing a photoresist

layer from an integrated circuit (IC) structure with little or no etching of said exposed

barrier layer comprising an integrated circuit (IC) structure having an etched dielectric
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nitrogen (N2), nitrogen (N2)/oxygen (02), nitrous oxide (N20), ammonia
(NH3), 10 nitrogen (N2)/hydrogen (H2), and water vapor (1420), after
etching said dielectric layer and exposing said barrier layer; thirdly,
energizing said oxidizing gas mixture having carbon monoxide (CO) to
generating generate a plasma in said reactor; and selectively removing
said photoresist layer with little or no etchingsaid 15 oxidizing gas mixture

Eaﬁqmﬁ?meﬁﬁ&gﬁ H&?HQ%Q%MEM? (S ALyl z[m%ymj%%rgﬁicon

reacts with the fluorinated polymer deposited on the IC, thereb

.minimizing the loss of said exposed barrier layermaterial during said

R L B A R L 0 e
method of removing a photoresist 20 layer from an integrated circuit (IC)

COBIERF O WiH RIS BFHB BEHHE O §a§@fepa§@bms§+ﬁ CRPRFEHRprising

an integrated circuit (IC) structure having an etched dielectric Page 6b
layedWith aptSrpesasishpleitng by sinsrath s Hioaiateeentaiajeg gas which
comprises silicon dioxide and said barrier layer is composed of a material
geselatted flomriagedyplivomsistidgopsiicgsaitriderandasiticon carbide, said
method comprising : firstly, etching said dielectric layer using a fluorine
contaiingigasyiial & gandratesadludsinatethpolyrogsandBersingd

said barrier layer;
oxidizing gas mixture comprises carbon monoxide (CO) and oxygen (O2), after
etching said dielectric layer and exposing said barrier layer
thirdly, energizing said oxidizing gas mixture having carbon monoxide (CO) to

generate a plasma in said reactor; and

selectively removing said photoresist layer with said oxidizing gas mixture
comprising carbon monoxide (CO), wherein said oxidizing gas mixture reacts with the
fluorinated polymer deposited on the IC, thereby minimizing the loss of said exposed barrier
material during said removing of said photoresist layer.

In a fifth aspect, there is provided a method of removing a photoresist layver
from an integrated circuit (IC) structure with little or no etching of said exposed
barrier layer comprising an integrated circuit (IC) structure having an etched first
dielectric layer, an exposed second barrier layer wherein said barrier layer is
composed of a material selected from a group consisting of silicon nitride and silicon
carbide, and a third layer that includes a conductive interconnect that abuts said barrier

layer and a second dielectric material adjacent said conductive interconnect, said
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secondly, feeding an oxidizing gas mixture into a reactor wherein said
oxidizing gas mixture comprises carbon monoxide (CO) and oxygen (02),
after etching said dielectric layer and exposing said barrier layer thirdly,
energizing said oxidizing gas mixture having carbon monoxide (CO) to 10
generate a plasma in said reactor; and selectively removing said
photoresist layer with said oxidizing gas mixture comprising carbon

baHl@P_%}Q%&Q%eWQ%@E%&%@ AXAIFNI QAS EH%P&%&%%?&%PM layer, c?mprising :

fluorinated polymer deposited on the IC, thereby minimizing the foss o

said gxposed barrier. material during said removing of said.photoresist .
el A e R B T E PR R & hicn
photoresist layer from an integrated circuit (IC) structure with little or no
ECRELRIFY o H BaldneiGsbREE B ARY RASEBAEHSI R HRTIMEErated circuit (IC)
structure having an etched first dielectric layer, an exposed second
barrigicREdy wWisefang sai@ b i aps M x By pusatreteionsitbeigissidéted
from a group consisting of silicon nitride and silicon 20 carbide, and a third
oxlidyanthasinolutes acopdectiverbiecemoadtthdl @bhutlsaitbargienidajietectric
and a second dielectric material adjacent said conductive interconnect,
layaiddage bsiardat tayaebpiween said etched first dielectric layer and

said third layer, comprising : firstly, etching said dielectric layer using a
fluorigg eRN RIS SRS MAIGRidizing gas mixture having carbon monoxide (CO) to
generated a plasma in said reactor;
selectively removing said photoresist layer with said oxidizing gas mixture
comprising carbon monoxide (CQO), wherein said oxidizing gas mixture reacts with the
fluorinated polymer deposited on the IC, thereby minimizing the loss of said exposed
barrier material during said removing of said photoresist layer;
said first dielectric layer and said second dielectric layer is comprised of
materials that include silicon and oxygen, and
said oxidizing gas mixture for photoresist removal comprises the gas mixtures
selected from the group consisting of oxygen (O,), nitrogen (N,), nitrogen
(NyYoxygen (O,), nitrous oxide (N,O), nitrogen (N, Yhydrogen (H,), and water vapor

(H,0).
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generates a fluorinated polymer and exposing said barrier layer; secondly,
feeding an oxidizing gas mixture into a reactor wherein said 5 oxidizing
gas mixture comprises carbon monoxide (CO), after etching said dielectric
layer and exposing said barrier layer; thirdly, energizing said oxidizing gas
mixture having carbon monoxide (CO) to generated a plasma in said
reactor; selectively removing said photoresist layer with said oxidizing gas
mixture 10 coMpR§ing pABRRIPPRINCGE DrENBIewIN@yidizing gas
mixture reacts with the fluorinated polymer deposited on the IC, thereby
mini 'Zé%% e lozg ofisaid se.xﬁﬂ%egré}%{t'%%%‘é%i%gdeué A {?é“ovmg
of said" p o‘ioresnst layer; Said first dielectric layer and said secon
dielectric layer is,comprised of materials that include silicon and oxygen,
ACARBPIES AR %ﬁgﬁ}%‘gggfzﬁ’&ture for photoresist removal comprises the
gas mixtures selected from the group consisting of oxygen (02), nitrogen
(N2 Kitrdgémy Ny s e srrsidcoxdepas g Aigbgipesist layer from an
(N2)/hydrogen (H2), and water vapor (H20) 20 Page 6d BRIEF
ICBESORIPTION OF THE DRAWINGS

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.

Page 6e



10

15

20

lllustrative embodiments of the present invention are shown in the
accompanying drawings wherein: FIG. 1 is an illustrative system capable
of removing a photoresist layer from an 5 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. 10 Page 6e DETAILED DESCRIPTION In the
following detailed description, reference is made to the accompanying
drawings, which form a part hereof, and which show illustrative |
embodiments. These 5 embodiments are described in sufficient detail to
enable those skilled in t tice the invention, and it is to be

h to_prac
understood that other en%ggﬁm%mwmm that structural,

logical and process changes may be made without departing from the
ﬁn?gesggggggé?%%@gﬁﬂsgﬁ@?mmﬁr%ﬁﬁilém@%é@iﬁt'rt)mdsmpanying

spirit an
herefare,.nat to be taken in a limited sense. The leading digit(s) of the
d%%?e‘réﬁ’c‘é@%n%?ﬁﬁé‘r&%ﬁ lifseely BRSs bRk sherddlestAaVigumb arlimbres, These

Wg[h dthe excegt'on of .. .
emoodiments are described in sufficient detail to enable those skilled in the art to

practice the invention, and it is to be understood that other embodiments may be
utilized and that structural, logical and process changes may be made without
departing from the spirit and scope of the claims. The following detailed description
is, therefore, not to be taken in a limited sense. The leading digit(s) of the reference
numbers in the Figures corresponds to the figure number, with the exception of
identical components that appear in muitiple figures and are identified by the same
reference numbers,

Referring to FIG. 1 there is shown an iliustrative system capable of eiching a
silicon nitride or silicon carbide barrier layer from an IC structure. The illustrative
system 1s 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 iﬂcludes 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
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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 15 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

reachambedhavingiamtariandfRenainaigdat énggg%lfﬂga{%aw ce 108 is

pressure by a vacuum pump 104 connected to an 20 outlet in a wa

stipplitartiréeling Satch: R GHRRIEGD IR He MNASTAJEACIN. SYPPHMNGIAS .

from gas supply 106. A medium density plasma can be generated In the

| PRpe-SrRAGS aysawkeiﬁaw%@wmmAkﬁf{@aﬁ&%@%%@??

RF source 108 is suppli rough a matching networ to a powered

e RIeHQAG AL dEhe RESAYICS 1&Q§éa;ﬁ9&{wd{sﬂﬂ§% %&ﬁ@%ﬁ% oo %gnd is

MHz and 2MHz. Electrode 114 is a grounded elect raté

ciSBURRATER iy S0 ARG AISOdE1 Y A0l A st d And O SUIDPEC

with plasma génerated by energizing the gassesin

stgm%&@p@ggm»@g%sgéécg?b egﬁﬁge 4 159 euuss%l ggﬂ‘a%jré%%&?&%m RF

where RF power is Suppli ctrodes suc € dua

pg@% %ﬁ}éﬁi@ﬁ%ab%kﬁhefg%é%s such as the dual frequency plasma etch reactor

described in commonly owned U.S. patent No. 6,090,304, the disclosure of which is
hereby incorporatcd by reference.

Alternatively, the plasma can be producéd in various other types of plasma
reactors referred 1o 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 producg a medium to high density plasma. For instance, a high
dénsity plasma could be produced in 2 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 2 flowchart of a fnsthod 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
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described in commonly owned U.S. patent No. 6,090,304, the disclosure
of which is hereby incorporated by reference. 10 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 15 density plasma could be produced in a .
ormer Coupled Plasma etch reactor available from Lam Research
F](-:(F(j){jl'r%or'a |oSnCE$v f(%:lrf% 13@@"8%?&%&# 60 iy Byststsite fasmal e dotois
r¢Fé%af‘(;:‘crr'ri]rcx; to FIG. 2 there is shown a flowchart of a method for removing or
'S rippm‘gaéeﬁﬁtgf ?é?}Fé%'r from an IC structure. The method described
in FIG, 2 20 minimizes the loss of barrier materials from a barrier layer.
The %8%888’%%5&8&“‘{656@\4“H&?ﬁﬁ%@hm@mﬂ@aeemma@m
. that has been etched as depicted by Page 8 FIG. 3B. As described in

T GRS Bt PhesOresiRcl MRV recknE G dayis Yoseivdtdifei@REO ayer

3 ar etching.- Referring back to FIG. 3A there is shown the illustrative IC
‘?r&cfa\’é‘ﬁ%ﬂ‘nﬁéﬂeu@rs?& $ir 80 gliofdth disteiag eb BORna 5e0PPEr GARIANRIect 317,

304, a third dielectric layer
The illustrative IC structure has a patterned first photoresist layer 302.

During the etching process described in block 204 of FIG. 2, the second cap |
layer 304 and the third dielectric layer 306 are etched and the fourth barrier layer 308
is exposed. The cx;ﬁoscd fourth barrier layer 308 covers the fifth layer 310 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 .thel illustrative example, the
organic photoresist is 2 193 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 (SiOg), Silicon Oxynitride (SiON), silicon carbide and silicon nitride.

The cap layer 304 provides protection for the underlying third dielectric layer during

‘the eiching and stripping process. The third dieleciric lzyer 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
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5 306, a fourth barrier layer 308, and a fifth layer 310 having a copper
interconnect 312. The illustrative IC structure has a patterned first
photoresist layer 302. During the etching process described in block 204
of FIG. 2, the second cap layer 304 and the third dielectric layer 306 are
etched and the fourth barrier layer 308 is exposed. The exposed fourth
barrier layer 308 covers the fifth layer 3 10 which has 10 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

It che sisg. | s 4ot Bt \@0Xa5a 81 th8, 95@%5&%%[‘9§ﬂ£8§‘§£li§iéilg?»3siﬁcon

rim photoresist or a 248 nin photoresist from the Shipley Company.

rifthiedl| BdraiiyensennnikcaRsaye N304 s 69 m&aﬁeg%, LR Cap AEHRS . be

as Silicon Dioxide (SiO2,), Silicon Oxynitride (Si n carbide an
cBiHipeBeaibidgicdh BieRRINRAANARI QHidER BIRIAGHSD for; the uag%e lying. .

third dielectric layer during thé etching and s rlp%%ng’g%gggsi iéetyﬁﬁ tlicon
néligdectric layer 306 is composed of such materials as silicon dioxide,

silicon oxide, organosilicate glass, or fluorinated silicate 20 glass. The

selectippnofifla LR l@éﬁ%romgﬁ%%p{'igg %%ggn%%%el%% %i\%ﬁﬁng second

properties of the underlying third dielectric Tayer. €

c8iaudn e el 0o UG SR TR i . o
cap layer may be removed during dual damascene processing. Thus, the method for
removing the photoresist layer that is described herein may be 'appiied toan IC
structure that either includes a second cap layer 304 or does not include a second cap
layer 304.

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 (8i0,),
silicon oxide {Si0), erganosilicate glass (OSG), or ﬁuorinatcd_ sificate glass (FSG).
The silicon dioxide may be deposited from the precursor TEOS or silane using CVD
tolois made by Applied Materials of Santa Clara, California. For the illustrative IC
structure the illustrative dielectric is represented as 8i0, in FIG. 3 and FIG. 4. In
another embodiment, the dielectric layer is an OSG material such as CORALT™ from
Novellus Systems of San Jose, California, or BLACK DIAMOND™ from Applied
Materiais of Santa Clara, California, or any other such OSG materials. In vet another

embodiment, the dielectric material is a fluorinated silicate glass (FSG) film deposited

using CVD tools from Novellus Systems of San Jose, Califdmia‘. Additionally, it shall
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nitride. For organosilicate glass or fluorinated silicate glass, the cap layer
304 may be composed of silicon dioxide, composed silicon oxynitride,
silicon carbide or silicon nitride. 5 In an alternative embodiment there is
no second cap layer 304 or the second cap layer 304 has been removed
prior to the removal of the first photoresist layer. The cap layer may be
removed during dual damascene processing. Thus, the method for
removing the photoresist layer that is described herein may be applied to *
an IC structure that either includes a second cap layer 304 or does not

pogiygs 10 layer 304. The IC structure also includes the
illus rat?sae thiErg g‘fg%?:s%ﬂg‘fg%élr%éﬁﬁﬁét therfialersit rmatsyial 308 niay lnea
(ala) ch materials as siljcon dioxide (SiO2), silicon oxide (SiO),

P or%%iﬁ%aﬁﬁf §r§§§* S RGO TEREY SSifistergResef ey thne3diticon

dioxi e deposited from the precursor TEOS or silane using CVD
15 t00 s%%%%%{g%‘ﬂ& RATHSFi A Bt ritcompas @l benizerfoatthials, An
i jve IC, structure the illustrative dielectric is represented as Si02 in
&uggg@%aeno?ﬁa THRIETIa) inchhdes FHGR RS HhR ot iNyer iacan ASGiher
il@&%e{jel %uch as CORALTM from Novellus Systems of San Jose,

EN[ o?nﬁa%’?%l%@@Iﬁﬂ@ﬂ@@?MW&WiMM&@MG&S@@@othS

.Clara, California, or any other such OSG materials. In yet another 20

S B SE SRR teRtR ASare 04N a NubFiiated silidesttglass (RREI08 is

film deposited
also referred to as a “diffusion barrier layer™ or as an “eich stop layer”, It shall be

.
ot

1

appreciated by those skilled in the art that the barrier layer provides protection from
copper diffusion.

The illustrative fifth layer includes an interconnect 212 that conducts
electzicity.: The conductive interconnect abuts the fourth dielectric layer 308.
Ty?ically, 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 (5i0).

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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using CVD tools from Novellus Systems of San Jose, California.
Additionally, it shall Page 10 be appreciated by those skilled in the art that
the dielectric material may also be a porous dielectric material having an
illustrative void space of greater than 30%. The illustrative fourth barrier
layer 308 is composed of barrier materials. An illustrative barrier material
includes silicon nitride (Si3N4) or SiN for short. Another 5 illustrative

barrier material is silicon carbide which is also referred to as amorphous
silicon carbide or some combination of SICXNyHZOW. A typical barrier

layer 308 is also referred to as a "diffusion barrier layer" or as an "etch

stop layer". It shall be appreciated by those skilled in the art that the
barrieataetiponMides preiestion & Pl gifiusion; ustraty
fifth layer includes an interconnec%nl that conducts e"%%ta-r%%y&lf cé:%ncefayer
306nGL MR INRIE ATRRIARLS DB %‘aﬁiﬂﬁ&ﬂijg layer,308, Typically,

the fifth layer also includes anotherﬁg% ectric matérg){hé%?h%ﬁt%lp%%?ggent
cORtEHIHRUATIAGK DS ERPAULY ehﬂﬁ@f&@g%%%%- of he fustrative
example, the interconnect %!ZE iIs composed of cotgf)g? i\ﬂggﬁgtl%ﬁ% and
diBfesennget MR 1% e ornosesotaihgrconguctars such as tungsten .
R5e % g ) 1511 Pldlfn%tﬁm%nae porine containing

or aluminum. In the illustrative IC" structure, the interco

eatirRdedh by diRieqtdnatera) JuehAsislicon gxide  3184510).

fluorocarbon gas, or any combination thereof. Typicaily, the fluorocarbon gashasa

chemical composition of CiFy, or C,F H,, wherein x,y and z represent integers.

Further still, the etchant gas mixture may include an inert gas as a diluent. By way of
example and not of limitation, 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 structﬁre and in the
reactor. As previously mentioned, the fluorinated polymer then reacts with well-
kﬁewn gas mixtures that are used to strip the photoresist.

At block 206, a first gas mixture that contains carbon monoxide (CO) is féd
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 (N,)
and carbon monoxide. Another carbon monoxide gas mixture comprises the gas

combination: of nitrogen (N) and oxygen (O,). - Yet another gas rﬁixture that would
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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 20 photoresist layer 302 is patterned for via-first
etching. The method then proceeds to block 204. Page 11 At block 204,
the illustrative cap layer 304 and the illustrative dielectric layer 306 are
etched using a fluorine containing gas mixture. The type of fluorine
containing gas mixture that is applied is dependent on the type of cap
layer 304 and 5 dielectric layer 306. By way of example and not of
iﬂgﬂj@t@a@bgmﬂuorinego faining gas mixture may include a fluorine (F2)
HBFABNPEPEsS thaigesodaavemxjds, (Dhany Yet still

gas, a nltrogé%o
al%;)tl;{{}i:bl_ination thereof. Typically, the fluorocarbon gas has a chemical
COmpOSNioN OF € X “irudddnvinge caabeaidioyidndammisestit dateatisonia
E r\g\f; stjll, the etchant gas mixture may include an inert gas as a diluent.
Q%J ' FoLALpicasaT e I thatimubintutigastainsluges the
nobles gases Ar, He, Ne, Kr, and Xe. It is well known that after etching

SRR S ffoifeconthimiog ghsi sofeorMaieshdbhireictQKHY B isnother gas

generated which is deposited on the IC structure and in the reactor. As
m%%@ggﬁ%&}%ﬁéﬁ}%mﬂuom@taﬁ@omﬁ;ﬁﬁmd%a%ﬁﬂtmﬁ‘@ﬂ 15
known gas mixtures that are used to strip the photoresist. '

The method then proceeds to biock 208 where a plasma is generated within the
reactor by energizing the oxidizing gas mixture having carbon monoxide. At block
210, the photoresist layer is selectively removed with little or no etching of the
exposed barrier iayér thereby minimizing the loss of silicon carbide or silicon nitride
from the barrier layer. Although the exact mechanism is not known, it is hypothesized
that the carbon monoxide.(CQ) scavenges fluorine from polymerized fluorine
(C/HyF,) deposited on the IC and/or the reactor, By minimizihg the loss of barrier
layer, the integrity of the underlying copper interconnect is preserved. Additionally,
the use of carbon monoxide in the stripping process enabies thinner barrier layers to
be applied to the IC structure, and thereby results in reduced capacitance of the copper
interconne;t. Furthermore, the use of cérban monoxide in the stripping process
enables the stripping process to be performed in the same reactor 160 that is used for
etching.

For an illustrative embodiment the first gas mixture described above is

composed of carbon mogoxide (CO), nitrogen (N,) and oxygen {(3,}. In a rather broad

illustrative embodiment, the range for the processing parameters may be'practiced at
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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 (02) and carbon monoxide. In another embodiment,
the gas mixture comprises nitrogen (N2) 20 and carbon monoxide.
Another carbon monoxide gas mixture comprises the gas combination of
nitrogen (N2) and oxygen (02). Yet another gas mixture that would Page
12 include carbon monoxide also comprises the gas nitrous oxide (N20).

opéedtiif panotines GRS WixbeaY v iddReiude car B?@dj&%tﬂg@mpf{%s

the gas ammonia (NH3), Further still another gas mixture

pdnaydexcarbsn Auesdxids sammisesing essraThinaton olplpgen (N2)

and hydrogen (H2). Still another gas 5 mixture that includes car

COaaxde a0 6aRphisssuater vapor (h20). The method then proceeds
to block 208 where a plasma is generated within the reactor by energizing

the axdirisosaI TS RN EAOR TANRIder ALDlock 210, he

photoresist layer is selectively removed with littfe or noogfgﬁin%ngﬁf*fgd to

<R S W e
oo LSS, LS8 SR B GO R
potagr,r ﬁ?ﬁt%’sﬁéfo“%i}“ @garﬁfﬂekjﬁspso%e?? e;gﬁz flow rates of 50 to 2000 scem, at
O, flow rates of 50 to 2000 scem, and CO flow rates of 50 to 2000 scem.

In an even less broad illustrative embodiment that that uses the illustrative
system 100, 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 § to 400 W for
2 MHz RF power, at N, flow rates of 100 to 1000 scom, at 0; 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 (Si0,) dielectric layer that has been etched with a fluorine containing gas, and

- @ silicon nitride barrier layer are shown in Table 1.

Table 1. Hiustrative Process Parameter
For Stripping Photoresist

Run | Press 27 MHz 2 MHz N O Co SiN PR
# | (mTorr) | RF Power | RF Power | Flow | Flow | Flow ER ER
(W) (W) {scem) | (scem) | (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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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 15 be applied to the IC structure, and thereby
results in reduced capacitance of 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 20
composed of carbon monoxide (CO), nitrogen (N2) and oxygen (02). In a
rather broad illustrative embodiment, the range for the processing
parameters may be practiced at Page 13 operating pressures of 5 to

2080 Ter 0 W, for RE power, at N2 flow
rates of 10 t%ﬁég\é%év gﬁ%&o%gﬁgréﬁﬁgp 0T 50HG SRR aFee o were

pé%@&e&oi tQ 5000 .seem., .| s broad illustrative embodimgnt
having a RF %@%%% &)%rf\%&reé) %%fﬁ%ﬁ%ﬁ%éﬁﬁgfzmm Fadspm 0°C to

s zihe range for the processing par msters may be practiced at

dﬁrﬁ%éﬁ%’e%%ﬁré%@@%ﬁ@@g“%? theR182816 DD AtPRRFLTREIER T as

“P@{Q’ngrrfptloio 600&W for 2 MHz RF power, at N2 flow rates of 50 to 2000
Seem, ar D2:f180 AHEEFSH 18 BOTORRES PSHeTTRI owryafsol B® (20

20%% Sﬁ? Ig an even less broad illustrative embodiment that that uses
SCEROAR, JiPp§iRglectivity for the first run is based on taking the ratio of the photoresist

(PR) stripping rate to the SiN etch rate which results in & selectivity ratio of 1000. For
the second run the selectivity ratio between the photoresist to the SiN barrier layer is
1000,

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-patierned using well known Iitﬁography 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 biock 204. A frer 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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10 system 100, the range for the processing parameters may be practiced
at operating pressures of 30 to 900 mTorr, at O to 400 W for 2.7 MHz RF
power, at 0 to 400 W for 2 MHz RF power, at N2 flow rates of 100 to 1000
seem, at 02 flow rates of 100 to 1000 seem, and CO flow rates of 100 to
1000 seem. By way of example and not of limitation, a plurality of
operating process 15 parameters for removing the organic photoresist
from an IC structure having a silicon dioxide (SiO2) dielectric layer that
has been etched with a fluorine containing gas, and a silicon nitride

e et ot v g e A SR
e S S O
BB 00 S0 B0 SEBEA TR, DB o
£ 2000 THE WRlRHYR0G:JhE R RSRIS Fangemay an from 0C to
properties. At block 218, the photoresist is then stripped with little or no loss of
barrier materials, thereby resulting in minimizing the loss of barrier layer materials
during the photoresist stripping process.

Referring to FIG. 3A through FIG. 3F there is shown a plurality of isometric
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 patterﬂed photoresist layer 302, 2 second cap layer 304 composed of SiO,, a third
dielecﬁic layer 306, a fourth layer 308, and a fifth layer that includes the copper
interconnect 312, Tﬁe 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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50C. The etch time during the stripping of the organic photoresist, referred
to as 5 "PR" in Table 1, was 60 seconds. The stripping period may vary
from 10 to 120 seconds. The selectivity for the first run is based on taking
the ratio of the photoresist (PR) stripping rate to the SiN etch rate which
results in a selectivity ratio of 1000. For the second run the selectivity
ratio between the photoresist to the SiN barrier layer is 1000. 10 At
process block 212, the illustrative 1C.structure is re-patterned for trench
etching. It shall be appreciated by those skilled in the art that this process

typlcqigfefggg I{@%f@ﬁg&’l%@%ﬁ Q\{\L/agesg som%tgg gvg[g?}%g |IIustr§E|w£0I§ he I

structure from the reactor 1 e wafe

stk H%ngﬁg ?X&%%E%W 1 angngqf%é;?)g;g{p%e é;gg;i}gfgrs; atmtl}g?ibed

includes generating a patterne
a2 i7R loc e wafer is returned to the illustrative
reactor 15(%?15(9 %trugtgl}g g%rém & PhetRrsRiFtitayee fs removed with
d for ing using, a fluorlne containing gas as described
pl% %%n oc gﬁ? PBRGHSHHE comeises chthgrtimonstiied The

inoL ng g% k 216 where the IC structure is prepared for 20
photore SR TRt R HE TR R naingcvosess tholrsh sxastrbeddmverts

thbIo Kk 206 aalgecond gas mixture that comprises carbon monoxide is fed
en? JARoeR ggontammg gas, and the carbon monoxide reacts

with or “scavenges” the fluorine from t_he fluorine containing gas, so that the fluorine
containing gas etch little or none of the exposed barrier layer 308.

In FIG. 3D, the illustrative IC structure 300 is re-patterned for trench etching as
described above in process block 212. The re-patterning process includes generating 2
trench patierned 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 éﬁer 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 irench
etching. Afier completion of the trench etching the IC structure 15 pfepared 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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216. At block 218, the second gas mixture that comprises carbon

monoxide is then energized in a fashion similar to description provided

above in block 208. It shall be appreciated by those skilled in the art

having the benefit of this disclosure that the first gas mixture and second

gas mixture may have similar and/or different chemical 5 properties. At

block 218, the photoresist is then stripped with little or no loss of barrier

materials, thereby resulting in minimizing the loss of barrier layer materials

during the photoresist stripping process. Referring to FIG. 3A through FIG.
ngtefite HShSWPPINEIBFARE TR Sk RRiRiRVEreoh T dgr alrigRaretangT 308

of a barrier layer in which the barrier layer is 10 composed of silicon nitride
meeHidissilicon carbide as described above. The isometric views of the

illustrative IC structure 300 provide a visual representation of the method

describéebapotes fSTRANheheIBROIIGHE MERNdinFptings| mshaspeaGeation,

structure 300 having a first patterned photoresist layer 302, a second cap
theye siBOrcuoh posedsoieion lanting ths siekcaichayaizsdid toumgrikier

308, and a fifth layer that includes the copper interconnect 312. The IC
pstrvidings B0 itaonb ed saps crfilteel prefgntiy padientedbonbodimEne. EBhvia

314 has been etched through the second cap layer 304 and the third
inietadtric Myey 30etetiedxpogsdvitiintheapaatert|tydo308f vididhaeast upon

been etched using a fluorine containing gas mixture as described at block

- re0éwiss the description.  Thus, the scope of the invention should be determined by

the appended claims, along with the full scope of equivalents to which such claims are

entitled.
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20 previously described, the etching process results in generating the
polymerized fluorine that is deposited on the wafer and reactor. Page 16
Referring to FIG. 3C, the photoresist layer 304 has been removed from

the IC structure 300. The photogiig iS removed or stripped using the
methods described above in bl , 208, and 210. In summary, the

What 551844 dSer is removed with plasma generated from the first gas
mixture that comprises carbon monoxide. The 5 inventor's hypothesize

L. thatAl EF?FH&%@%%ﬁ%’&ﬁ@%%&é@?fﬁﬁﬁ&%sﬁﬂ%wﬁ%ﬁé) qrgut (1C)
polymerized fluorine to a fluorine containing gas, and the carbon

strupiame vitid ﬂéﬂ@tgrmwhiggaxfemg&mﬁ@df%m% Roas. thRIIIORIRE an
containing gas, so that the fluorine containing gas etch little or none of the

integrposkdtvaitididayongoss mricg aDettreilldselatitreciBsroettire@deiposed
re-patterned for trench etching as 10 described above in process block

bar2ik? 1dhe, wipatiersid diieestitmlad esrgpriscatilicantaedoikpatte medsaid
photoresist layer 316. The wafer is then returned to the illustrative reactor

bar#ed RYdrthecimplibeduse dsiepaled ot fieineichivgmsoaentiigedt silicon
above in block 214. Referring now to FIG. 3F, the IC structure is shown

nitAenilesiipRe-aisRg is dlh aemplriadhath e second cap layer 304
and the third dielectric layer 306 is etched. As described above, a fluorine
CONBIRINg 9afiivA0MNHoREdR qRpduStE "R Muorine containing gas that
generates a fluorinated polymer and exposing said barrier layer;
secondly, feeding an oxidizing gas mixture into a reactor wherein said
oxidizing gas mixture having carbon monoxide (CO), energizing said oxidizing
gas mixture having carbon monoxide (CO) to generate a plasma in said reactor;
and
selectively removing said photoresist layer with said oxidizing gas mixture
comprising carbon monoxide (CO), wherein said oxidizing ga..s mixture reacts with

the fluorinated polymer deposited on the IC, thereby minimizing the loss of said

exposed barrier material during said removing of said photoresist layer.

2. The method of claim 1 wherein said dielectric layer is silicon dioxide,
3. The method of claim 1 wherein said oxidizing gas mixture further

comprises oxygen (O,).
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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 20 removed using the second gas mixture
desgribed in blocks, 216 and 218 that comprises carbon monoxide. During
o SR ST brE RS O1 GG OF 5y B B3 iterals
This stripping process results in minimizing the loss of the barrier layer
308°Qﬁ&1€ﬁ%1‘4§?1ﬁﬁﬁﬁ’iﬁdﬁltﬂre description about contains many limitations in
the specification, these should not be construed as limiting the scope of
the claims but as merely 5 providing illustrations of some of the presently
preferred embodiments of this invention. Many other embodiments will be
apparent to those of skill in the art upon reviewing the description. Thus,
the scope of the invention should be determined by the appended claims,

along with the full scope of equivalents to which such claims are entitled.
10 Page 18 CLAIMS What is claimed is:
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1. A method of removing a photoresist layer from an integrated circuit (IC)
structure with little or no etching of an exposed barrier layer, comprising
an integrated circuit (IC) structure having an etched dielectric layer with
said exposed barrier layer, wherein said dielectric layer comprises silicon

3. and diguhaddaiBat R E BRI SRIsE e dea RnRhpipSsstismoval
from a group consisting of silicon nitride and silicon carbide, said method
conipiidivig: rchyr ssRmepeatbosat sniEitpe sekipighfivet fho graup
containing gas that generates a fluorinated polymer and exposin id
barrenpigiengsetonryniéedingisegsidi2ing m%m@éﬂf%}%%gésﬁ
wherein said oxidizing gas mixture having carbon monoxide (CO),
energizing saidoXidiZingnigas enixite/ hedingatboh rachewitte (@R G1H0)-
generate a plasma in said reactor; and selectively removing said

6. photoiiesisitiaye oithisaid wikiginggas s de omeisingréarbosbmposed
monoxide (CO), wherein said oxidizing gas mixture reacts with the

of ﬂ@@é@ﬁ@%ﬁ@&@@ﬁaﬁp@ﬁ@@%ﬁ dbadistifesely punimEing.theioss ofide,
said exposed barrier material during said removing of said photoresist

ord@¥ELikaldgimethad alelamdawhriaio said dielectric layer is silicon

dioxide. 3. The method of claim | wherein said oxidizing gas mixture

7. Turthes, CORIIESRANGET (Mdrein 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 dieiectric,
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1.9 4. The method of claim 1 wherein said oxidizing gas mixture further
comprises nitrogen (N2). 19a 5. The method of claim 1 wherein said
oxidizing gas for photoresist removal mixture further comprises the gas

m|xt res eI ct d from. the grou CO.I’]S tln f Oxgl%g"é‘.\%é’(ﬁ% itro Eg n(ﬂ:gf
9. nitrofdA N SERITERS MRS RHEREZB R iehiereg
(H2), and water vapor (H20).6. The method of claim 1 wherein said etched
Stfﬂ?é\%’@th%"ﬁ’i‘&é‘ﬁ%? raghiies dren maesel Semise M HORPE RS
consisting of silicon dioxide, silicon oxide, orgﬁﬁosﬂmate glass, and
intggEHAGEECHIdA §iaaciure mdngan strhed sl Higkaiein baericaid exposed
structure further comprises a can layer located between said dielectric
seeordl dwitiphtapee sidiersdivseabbayar it ooy eicd alaanalesisbetbarted
from the group consisting of silicon dioxide, silicon oxynitride, silicon
fraarbigleapn daiicomgioiddi &rilné e thubisdf otai weibides aeid = didrddagtorthat
used to remove said photoresist from said IC structure is also used to
indtelesaidodidlecive i2@:8 oAnsre thad e vwivd bgraighliaresit! iayolidm
an integrated circuit (IC)
dielectric material adjacent said conductive interconnect, said barrier layer
between said etched first dielectric layer and said third layer, said method
comprising:
firstly etching said dielectric layer using a fluorine containing gas that
generates a fluorinated polymer and exposing said barrier layer;
secondly, feeding an oxidizing gas mixture into a reactor wherein said
oxidizing first gas mixture comprises carbon monoxide {(CO), energizing said
oxidizing gas mixture having carbon monoxide (CO) to generate a plasma in said
reactor; and
selectively removing said photoresist layer with said oxidizing gas mixture
comprising carbon monoxide (CO), wherein said oxidizing gas mixture reacts with
the fluorinated polymer deposited on the IC, thereby minimizing the loss of said
exposed barrier material during said removing of said photoresist 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.
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structure having little or no etching of an exposed barrier layer comprising
an integrated circuit (IC) structure having an etched first dielectric layer,
said exposed second barrier layer wherein said barrier layer is composed

of a_material selected from a group consisting of silicon nitride and silicon
S ide, PSR 8%&9%3%*@%&6 WA TR TRE AhplarTesist
abuts said barrier layer and a second dielectric material adjacent said
condudiRfBAHR RBRRBSES BRI SHEK TaTRs Splesird frem dhsterarprirensisting
dielectric layer and said third layer, said method comprising: firstly etching
said digleetiery EP usiniradieiviNe) colitaiamy @@/mtg@ég@zateswpus
fluorinated polymer and exposing said barrier layer; secondly, feeding an
oxidizingxgbes( Miktrenitiezan ddbidnwihegein (G4t exibizing firspgadi;O).
mixture comprises carbon monoxide (CO), energizing said oxidizing gas
mixture having carbon monoxide (CO) to generate a plasma in said
reactor; and selectively removing said photoresist layer with said oxidizing
gas mixture comprising carbon monoxide (CO), wherein said oxidizing
gas mixture reacts with the fluorinated polymer deposited on the IC,
thereby minimizing the loss of said exposed barrier material during said
removing of said photoresist layer. 10. The method of claim 9 wherein

said first dielectric layer and said second

2la



dielectric layer is comprised of materials that include silicon and oxygen.
21 11. The method of claim 9 wherein said oxidizing gas mixture for photo
resist removal comprises the gas mixtures selected from the group

consisting of oxygen (02), nitrogen (N2), pitrogen (N2)/oxygen (02),
12 tro R SRt A o BB B 2, R FERIAAb0 (120).
21a 12. The method of claim 9 wherein said etched first djelectric layer is
coppivisdsaipdnaithinkirif sk SembnemEry ronsitingictiatiorniiarde.
dioxide, silicon oxide, organosilicate glass, and fluorinated silicate glass.
silipgnTddaargraosibicatn Blosherah tupaineted sBigrecraissér comprises a
cap layer located between said photoresist layer and said first dielectric
13layer]baitetaod sy eddéne Svdugeth ob il dassriat tveteliber sompasgoupap
consisting of silicon dioxide, silicon oxynitride, silicon carbide and silicon
layritrideatid bthecoreshoti phfottaisi @ Velereindssddirfexttdrelisadddapenmagd cap
said photoresist from said IC structure is also used to etch said first
laydielecisiapayed. (2 khabriabtebd wirgoaving & ahiptemesistdgyer sigroman
integrated circuit (IC) structure having little or no etching of said exposed
didaHeECRIPHSIH PRI, silicon carbide and silicon nitride.

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

from said IC structure is also used to etch said first dielectric layer.
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integrated circuit (IC) structure having an etched dielectric layer with an
exposed barrier layer, wherein said barrier layer is composed of a
material selected from a group consisting of silicon nitride and silicon
carbide, said method comprising: firstly, etching said dielectric layer usin
I3 fluofin@ebrthfiireepianaadph QereTiatda Yo Horn s enirayat eifenit (chgjJ
exposing said barrier layer. secondly,feeding an oxidizing gas mixture
stryatarg hestedihess inossliehenadiding ¢ sz paisedreactpimeserredngomd
monoxide (CO), wherein said oxidizing gas mixture comprises the gas
integixteresisaié i€y Honctre Yeoumeconsisting dicmopgenai@?)wiitragex ey
nitrogen (N2)/oxygen (02), nitrous oxide (N20), ammonia (NH3), nitrogen
barfiN2 iyt ogesrdid Rpidridmiaten vapor (i) sadtel einhiag Said diviédiim a
layer and exposing said barrier layer; thirdly, energizing said oxidizing gas

groMpEdiRIBANINGIGAIROR MERXIdR] (T aaERIR Rl PRI Ebidifising:

reactor; and selectively removing said photoresist layer with said oxidizing

gas fRixiure. HRmAsINgicRBAR enoxide(Gnnbersinsaig xidizingn
gas mixture reacts with the fluorinated poTymer deposited on'the IC,

eABEIRDY, MiRiMIZing Hg/pRs %&@Qp@m%%%@m&?&rfr%gpal during said

removing of said photoresist layer. 16. The method of ¢laim 15 wherein
2i‘i}?gsg'&r]‘%?§?&§i‘fe'§}‘8rgi3:?85!18{'}38& 9l Matenals dhat inglude Siticon . andq
oxidizing gas mixture comprises carbon monoxide (CO), wherein said oxidizing
gas mixture comprises the gas mixtures selected from the group consisting of
oxygen {Oy). nitrogen (N2), nitrogen (N,)oxygen (O,), nifrous oxide (N2O),
ammonia (NH;), nitrogen (N,)/hydrogen (H,), and water vapor (H,0), after
etching said dielectric layer and exposing said barrier layer;
thirdly, energizing said oxidizing gas mixture having carbon monoxide
(COj) to generate a plasma in said reactor; and |
selectively removing said photoresist layer with said oxidizing gas mixture
comprising carbon monoxide (CO), wherein said oxidizing gas mixture reacts with
the fluorinated polymer deposited on the IC, thereby minimizing the loss of said
exposed barrier material during said removing of said photoresist layer.

16.  The method of claim 15 wherein said dielectric layer is comprised of

materials that include silicon and oxygen.
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23 17. The method of claim 15 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.
23a 18. The method of claim 15 wherein said IC structure further

17comphedrethadoigaimoraibaetiend siahcdidistentriafaresiy cmposed of
photoresist, said cap layer is composed of a material selected from the

a rgpsRiiRk seksEivddTonsithoaramxrmsisties wbsilistmdiosito rikismidex e
silicon nitride. 19. The method of claim 15 wherein said reactor used to

orgengolicsti@lptotoré slurhioateshsdicistglassre is also used to etch said
dielectric layer. 20. A method of removing a photoresist layer from an
integrated circuit (IC) structure with little or no etching of said exposed
barrier layer comprising an integrated circuit (IC) structure having an
etched dielectric layer with an exposed barrier layer, wherein said
dielectric layer comprises silicon dioxide and said barrier layer is
composed of a material selected from a group consisting of silicon nitride
and silicon carbide, said method comprising : firstly, etching said dielectric
layer using a fluorine containing gas which generates a fluorinated
polymer and exposing said barrier layer;

23a



secondly, feeding an oxidizing gas mixture into a reactor wherein said
oxidizing gas mixture comprises carbon monoxide (CO) and oxygen (02),
after etching said dielectric layer and exposing said barrier layer thirdly,

energizing said oxjdizin s mixture having carbon monoxide (CO) to
18 oo S A A SeMBESF A e A T A SOt 3 cap
photoresist layer with said oxidizing gas mixture, comprising carbon .
layeiolswiad Rershaigifislaer oy M G ahsHhahrirestys With caplayer is
fluorinated polymer deposited on the IC, thereby minimizing the loss of
cogyased eﬁa@é@%érﬁ%fe%@%&mm@ﬁ@%@%mﬁgqﬁ% P dRsidsist
layer. 21. A method of removing a photoresist layer from an integrated
silsipsuitqyaitristey stliconidrhide grhsliconingofeaid exposed barrier layer
comprising an integrated circuit (IC) structure having an etched first
19dielectric Hyemeth@kpbskdnsétonbebanissihyerovvarsid sardoamieraid
layer is composed of a material selected from a group consisting of
pheilizesistitiice anid $0com ciaideaBodisethitd dayesaiiadishaltrieager.
conductive interconnect that abuts said barrier layer and a second
20dielectrig, matadal adigsertsald manarsivie iviar com et isrid-hadigedayec)

between said etched first dielectric layer and said third layer, comprising :

striikstle SIGIRITGRAK SlplealiicRYQRIBIRG & HIYIRE SQRIRINGAR R igh
integrated circuit (IC) structure having an etched dielectric layer with an exposed
barrier layer, wherein said dielectric layer comprises silicon dioxide and said
barrier layer is composed of a material selected from a group consisting of silicon
nitride and silicon carbide, said method comprising :

firstly, etching said dielectric layer using a fluorine containing gas which
generates a fluorinated polymer and exposing said barrier layer;

secondly, feeding an oxidizing gas mixture into a reactor wherein said
oxidizing gas mixture comprises carbon monoxide (CO) and oxygen (O2), after
etching said dielectric layer and exposing said barrier layer

thirdly, energizing said oxidizing gas mixture having carbon monoxide
(CO) to generate a plasma in said reactor; and

selectively removing said photoresist layer with said oxidizing gas mixfure

comprising carbon monoxide (CO), wherein said oxidizing gas mixture reacts with

the fluorinated polvmer deposited on the IC, thereby minimizing the loss of said
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generates a fluorinated polymer and exposing said barrier layer; secondly,
feeding an oxidizing gas mixture into a reactor wherein said oxidizing gas
mixture comprises carbon monoxide (CO), after etching said dielectric

e RO LA BRI E OIS S A AR i
reactor; selectivgly rem_ovin%%aid photoresist layer with said oxidizin_g §8§

21 mixtar SR AS IO IBEH MRHORFIL | L5 Wiskheth QiREBRIARGY

mixture reacts with the fluorinated polymer deposited on the IC, thereby
SUHGRIFGI P IHE sousor Yahing qicedd Barprsdbaraicd laveieP smE vE1E 8ling
_ of said photoresist layer; said first dielectric layer and said second
inigpriedieirapé (Kdommpetses ket ing@tiatsheddirg| didesitiio e serd axygpased
and 24a said oxidizing gas mixture for photoresist removal comprises the
segs] rixtisrds wal ediectinosai dhisagrieu peyen s$stinm wfsodyefen t0Rrinltselpeted
(N2), nitrogen (N2)/oxygen (02), nitrous oxide (N20), nitrogen (N2)/
frdmydr goemp(s @) si st whtehivapait(idd 20y SeABSTRACInd a third layer that
includes a conductive interconnect that abuts said barrier layer and a second
dielectric material adjacent said conductive imterconnect, said barrier layer
between said etched first dielectric layer and said third layer, comprising :
firstly, etching said dielectric layer using a fluorine containing gas which
generates a fluorinated polymer and exposing said barrier layer;
secondly, feeding an oxidizing gas mixture mto a reactor wherein said
oxidizing gas mixture comprises carbon monoxide (CO), after etching said
dielectric layer and exposing said barrier layer;
-thirdly, energizing said oxidizing gas mixture having carbon monoxide
(CO) to generated a plasma in said reactor;
selectively removing said photoresist layer with said oxidizing gas mixture
comprising carbon monoxide (CO), wherein said oxidizing gas mixtare reacts with
the fluorinated polymer deposited on the IC, thereby minimizing the oss of said
exposed barrier material during said removing of said photoresist layer;

said first dielectric layer and said second dielectric layer is comprised of

materials that include silicon and oxygen, and
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A method of removing a photoresist layer from an integrated circuit (IC)
structure having an etched dielectric material with an exposed barrier
layer that covers a copper interconnect. The barrier layer is composed of
a material such as silicon 5 nitride, or silicon carbide. The methqd includes
fee ) T PRI S BRI S L BRI AL FORBE O 5
. reactor. A plasma is then generated within the reactor. The photoresist
miyges il @@%ﬁi@&ﬁ@%%@%ﬁﬁ&ﬁ@%yﬁnééﬁm&‘gf’@f‘élé%%sed

barrier layer. Page 25 ,
nitrogen (N,)/oxygen (O,), nitrous oxide (N,O), nitrogen (N,)/ hydrogen (Hz),

and water vapor (H,0).
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" ABSTRACT
A method of removing a photoresist layer from an integrated circuit (IC)
structuré t.laving an etched dielectric material with an exposed barrier layer that covers
& copper interconnect. The barrier layer is composed of a materia} such as silicon
nitride or silicon carbide. The method includes feeding a gas mixture that
compromises carbon monoxide (CO) into a reactor. A plasma is then generated
‘within the reactor. The photoresist layer is then selectively removed with little or no

etching of the exposed barrier layer.
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