METHODS OF FORMING ELECTRICAL INTERCONNECT STRUCTURES
USING POLYMER RESIDUES TO INCREASE ETCHING SELECTIVITY
THROUGH DIELECTRIC LAYERS Field of the Invention The present
invention relates to integrated circuit fabrication methods and, more
particularly, to methods of fabricating integrated circuit devices having
electrical interconnect structures therein. Background of the Invention
Conventional methods of forming integrated circuit devices may include
steps to form single and/or dual damascene structures using copper (Cu) as
an electrical interconnect material. As illustrated by FIGS. 1 A-1 E, a
conventional damascene process may utilize a multi-layered mask structure
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oxide (L an antireflective coating 20 and a patterned

photoresist (PR) layer 22. As ifRagkgfednsl,afitte inpentiaBlective etching step
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and the OPL layer 16 in sequence using the patterned photoresist layer 22
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to support selective etching of one or more underlying dielectric layers. In
particular, FIG. 1A illustrates steps to form a relatively porous low-k
inter-layer dielectric (ILD) layer 12 on an underlying dielectric layer 10, which
may be a inter-metal dielectric (IMD) layer. This low-k ILD layer 12 may be
formed of a material, such as SiCOH, which has a dielectric constant less
than a dielectric constant of silicon dioxide (SiOy). FIG. 1A also illustrates
steps to form a multi-layered mask (MLM) layer on the ILD layer 12. This
multi-layered mask layer is illustrated as including a hard mask layer 14
(e.g., SiO2 layer), an organic planarization layer (OPL) 16, a low temperature
oxide (LTO) layer 18, an antireflective coating (ARC) 20 and a patterned
photoresist (PR) layer 22. As illustrated by FIG. 1B, a selective etching step
is performed to etch through the antireflective coating 20, the LTO layer 18
and the OPL layer 16 in sequence using the patterned photoresist layer 22
as an etching mask. The patterned photoresist layer 22 and the

antireflective coating 20 are then removed.



performed to etch through and form a via opening within the hard mask layer
14 and the ILD layer 12 and define a recess within the IMD layer 10, using
the patterned OPL layer 16 as an etching mask. The patterned OPL layer 16
is then removed. This OPL layer 16 may be removed using an ashing
process that is performed in an oxygen ambient. Unfortunately, this ashlng
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dielectric constant that is greater than the first dielectric constant.
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Upper SHhrfe Ca 8fr;[1re]1%kh%yemqls 8¥ﬁe I[H?a@g %ne'ijhe formation of such voids
may result in reduced device yield by reducing the reliability of electrical
interconnects within an integrated circuit chip.

Summary of the Invention

Embodiments of the present invention include methods of forming
electrical interconnect structures that are compatible with damascene
fabrication techniques. These methods include forming an electrical
interconnect structure by forming a first dielectric layer having a first
dielectric constant on a semiconductor substrate and then forming a hard
mask layer on the first dielectric layer. The hard mask layer includes a
material having a second dielectric constant that is greater than the first
dielectric constant. An exemplary hard mask layer may include silicon
dioxide or tetraethylorthosilicate (TEOS). A photoresist layer is then
patterned on an upper surface of the hard mask layer. This patterned
photoresist layer is used as an etching mask during a step to selectively etch

the hard mask layer and define an opening therein. This opening exposes



photoresist layer is used as an etching mask during a step to selectively etch
the hard mask layer and define an opening therein. This opening exposes -2
the first dielectric layer. The patterned photoresist layer is then stripped from
the hard mask layer using an ashing process that exposes the upper surface
of the hard mask layer. Following this ashing process, a portion of the first
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In particular, the step of selectively etching a portion of the first dielectric
layer may include exposing the portion of the first dielectric layer to a first
source gas including CF4 and a second source gas including H2. To
achieve a desired degree of etching selectively and relatively high etch rate,
a ratio of a volumetric flow rate of the second source gas relative to the first
source gas is greater than about 0.25 for the case where the first source gas
is CF4 and the second source gas is H2. For example, the volumetric flow
rate of the second source gas may be greater than about 40 sccm and a
volumetric flow rate of the first source gas may be about than about 150
sccm.

In alternative embodiments of the invention, the fluorine-based source
gas includes CF4 and CHF3 and a combined volumetric flow rate of CF4
and CHF3 is in a range from about 10 sccm to about 20 sccm. This
fluorine-based source gas may be used in combination with an oxygen (O,)
source gas that is supplied at a volumetric flow rate of about 10 sccm and an
argon source gas that is supplied at a volumetric flow rate of about 400

sccm. In still further embodiments of the invention, the fluorine-based



gas includes CF4 and CHF3 and a combined volumetric flow rate of CF4

and CHF3 is in a range from about 10 sccm to about 20 sccm. This
fluorine-based source gas may be used in combination with an oxygen (02)
source gas that is supplied at a volumetric flow rate of about 10 sccm and an
argon source gas that is supplied at a volumetric flow rate of about 400
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embodiments of the present invention.

Detailed Description of Preferred Embodiments

The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments
of the invention are shown. This invention may, however, be embodied in
different forms and should not be construed as limited to the embodiments
set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of
the invention to those skilled in the art. In the drawings, the thickness of
layers and regions are exaggerated for clarity. It will also be understood that
when a layer is referred to as being Aon@ another layer or substrate, it can
be directly on the other layer or substrate, or intervening layers may also be
present. Like numbers refer to like elements throughout.

Methods of forming electrical interconnect structures according to
embodiments of the present invention may include forming a single or
multi-layered structure 110 on a semiconductor substrate 100, as illustrated

by FIG. 2A. This structure 110 may include, among other things, an
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disclosure will be thorough and complete, and will fully convey the scope of
the invention to those skilled in the art. In the drawings, the thickness of
layers and regions are exaggerated for clarity. It will also be understood that
when a layer is referred to as being Aon @ another layer or substrate, it can
be directly on the other layer or substrate, or intervening layers may also be
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mask Ia}(er 140 is . , , ,
irst dielectric constant. This hard mask layer 140 may have a thickness in

a range from about 150 A to about 600 A. The hard mask layer 140 is
covered with an antireflective coating layer 200 that enhances accuracy of
subsequently performed photolithographically-defined patterning steps.
This antireflective coating layer 200 may be formed as an organic layer
having a thickness in a range from about 200 A to about 800 A.

A photoresist layer is then deposited on the antireflective coating layer
200 and selectively etched (e.g., photolithographically patterned) to define
a patterned photoresist layer 220. The photoresist layer may be formed to
a thickness in a range from about 1100 A to about 2500 A. As illustrated by
FIGS. 2C-2D, the patterned photoresist layer 220 is used as an etching
mask during a step to selectively etch the antireflective coating 200 and hard
mask layer 140 in sequence to define a first opening 130 therein. This first
opening exposes an upper surface of the first dielectric layer 120. The
patterned photoresist layer 220 and antireflective coating 200 are then

stripped (i.e., removed) using an ashing process that exposes the upper
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covered with an antireflective coating layer 200 that enhances accuracy of

subsequently performed photolithographically-defined patterning steps. This
antireflective coating layer 200 may be formed as an organic layer having a
thickness in a range from about 200 A to about 800 A. A photoresist layer is
then deposited on the antireflective coating layer 200 and selectively etched

(e.g., pHotGRasRHIsHIcaty sl drvet) 49 dEafewing this aRbinpsRsRSSsAIRYEION
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first dielectric layer 120 in the _ o ,
interconnect via or wiring pattern 240 that fills the opening in the first
dielectric layer 120.

Referring again to FIGS. 2E-2F, the step of selectively etching the first

dielectric layer 120 may include selectively etching the first dielectric layer
120 using a dry etching technique. This dry etching technique may include
using a fluorine-based source gas. In particular, the step of selectively
etching the first dielectric layer 120 may include exposing the first dielectric
layer (in the first opening 130) to a first source gas including CF4 and a
second source gas including H2. To achieve a desired degree of etching
selectively and etch rate, a ratio of a volumetric flow rate of the second
source gas relative to the first source gas is greater than about 0.25 for the
case where the first source gas is CF4 and the second source gas is H2. For
example, the volumetric flow rate of the second source gas may be greater
than about 40 sccm and a volumetric flow rate of the first source gas may be

about 150 sccm.



opening to a diluted hydrofluoric acid (DHF) solution. Damascene processing
techniques may then be performed to form a copper interconnect via or

wiring pattern 240 that fills the opening in the first dielectric layer 120.
Referring again to FIGS. 2E-2F, the step of selectively etching the first
dielectric layer 120 may include selectively etching the first dielectric layer
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In the drawings and specification, there have been disclosed typical

preferred embodiments of the invention and, although specific terms are
employed, they are used in a generic and descriptive sense only and not for
purposes of limitation, the scope of the invention being set forth in the
following claims. -7 THAT WHICH IS CLAIMED IS: 1. A method of forming an
electrical interconnect structdre AdoWpHisiidS thb AMED IR forming a first

dielectric layer having a first dielectric constant on a semiconductor

substrate; fogrmjng a hard mask layer h vin% second dielectric constant
greater thal (e HFLP ORI SRR A VS IBRRFEGLEF: comprising
patternitfieasigipstofesist layer on an upper surface of the hard mask layer;

selectively %?Hi{?%e A DAGL IDaK @AI%F KR e B%féﬁﬂ% Wg&% a

exposes the firs ectric layer, using the patterned photoresist layer as an
etching $REYROBESHM G URBtReterned photoresist layer from the hard mask

layer using f@ﬂrfﬁ@ié‘%?r@ﬁ%%%tl'&_?bﬁHHﬂﬁ@SatBSdéﬁﬁQﬁél@(fﬁ%%@_ﬁ&'ﬂ%'ﬂ@@ater
mask Iarz/er; and,selectlvelly etchggg a portion_of the first dielectric layer

extendinGPOEBOLUIR HRIGHARRNHIANE AMiDRANRIIEIGLHE @ Biating polymer
residues dipatityromgthgobpleesistiagerafriae bppknsaskatayer thisingdhadwkrd
mask Ietgféras an etching mask. 2. The method of Claim 1, wherein said step
of selectively etching a portion of the first dielectric layer comprises

selectively S@iRRityelypiainocherharisoask| eyeictegeingsayapenetitarmin that
techniqugpdsd BRIl SridimByer WRETS th&saReFvER ARG BAMMSfer as an

residues .
etching mask;

stripping the patterned photoresist layer from the hard mask layer using
an ashing process that exposes the upper surface of the hard mask layer;
and

selectively etching a portion of the first dielectric layer extending
opposite the opening while simultaneously accumulating polymer residues
directly on the upper surface of the hard mask layer, using the hard mask
layer as an etching mask.

2. The method of Claim 1, wherein said step of selectively etching a
portion of the first dielectric layer comprises selectively etching a portion of

the first dielectric layer using a dry etching technique.

3. The method of Claim 2, wherein the accumulated polymer residues
inhibit recession of the hard mask layer during said step of selectively

etching a portion of the first dielectric layer.
4. The method of Claim 2, wherein said step of selectively etching a

portion of the first dielectric layer comprises exposing the portion of the first

dielectric layer to a fluorine-based source gas.
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inhibit recession of the hard mask layer during said step of selectively
etching a portion of the first dielectric layer. 4. The method of Claim 2,
wherein said step of selectively etching a portion of the first dielectric layer
comprises exposing the portion of the first dielectric layer to a fluorine-based
source gas. -8 5. The method of Claim 4, wherein said step of selectively

etching a portibiedNaiBafSf Grabeificwapeiosinigriier ekpolsklly ahegiehtisheof
the first p@k@i@@%ﬁﬁ@ﬁ"sfgi@Igﬁ_ﬁlﬁ%y@fﬁ@gﬁpﬁ%gléoémglﬁgﬁéﬁt@h@o?ﬁﬁm first
source gas comprisin . 6. The method of Claim 5,_wherein the fir
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volumetgesflowngatsirgd i second source gas relative to the first source gas

is greater than about 0.25. 7. The method of Claim 6, wherein the first
dielectric layer is a p-SiCOH layer. 8. The method of Claim 5, wherein a

volumetric flowlRgdnstiied s&&daion Sowrrgjadhs HrelaierieRaatisft 26 anethe

and a V%@&Bﬁé{ igollevs b%@_i@fﬁbﬁaﬂﬁﬁewﬁ@a%ﬁdsoﬁﬁ%iJrﬁ@tﬁ@%wf?aféﬂﬂ the
method of Claim 4, wherein the fluorine-based source gas comprises CF4

and CHERHS SHEGREAREBIVIAR"S, (iplraitics samiRspiRIliABRARMER 25

rate of CF4 and CHF3 is in a range from about 10 sccm to about 20 sccm.

1. The metpodhof Glaimd g wheren spidsieh ohesledlinelyetsioas

portion of the first ric layer cormprises exposing the por
dielectrie-RifPtblayebxygen (02) source gas at a volumetric flow rate of
about 10 sccm and an argon source gas at a volumetric flow rate of about

400 sccm. 12. The method of Claim 4, wherein the fluorine-based source gas
comprises Se4d b fneineg sf Claim 5, wherein a volumetric flow rate of the second

source gas is greater than about 40 sccm and a volumetric flow rate of the

first source gas is about 150 sccm.

9. The method of Claim 4, wherein the fluorine-based source gas
comprises CF4 and CHF3.

10. The method of Claim 9, wherein a combined volumetric flow rate of

CF4 and CHF3 is in a range from about 10 sccm to about 20 sccm.

11. The method of Claim 10, wherein said step of selectively etching a
portion of the first dielectric layer comprises exposing the portion of the first
dielectric layer to an oxygen (O.) source gas at a volumetric flow rate of
about 10 sccm and an argon source gas at a volumetric flow rate of about

400 sccm.

12. The method of Claim 4, wherein the fluorine-based source gas
comprises CF4 and CH2F2.



-9 13. The method of Claim 4, wherein the fluorine-based source gas
comprises CH3F and CH2F2. 14. The method of Claim 4, wherein the
fluorine-based source gas is mixed with an argon gas during said step of
selectively etching a portion of the first dielectric layer. 15. The method of
Claim 1, wherein the hard mask layer comprises an electrically insulating
layer selectéd-frbis SgHaes orsishify whekkahaidkriinezhgsed source gas

tetraethylarpesdicetesf EwSQHEF2The method of Claim 1, wherein said step
of patterning a photoresist layer on the hard mask layer is preceded by a

step of depositing an antireflective coating directly on the upper surface of
the hard maik |ayermatidavbeainsdidnsiamimt stibpdompases shiupgergathis

tt | . oflect :
ayer. 1 U R R e e SRl R b e
portion diatisfidietaeldedayaayer is followed by a step of exposing the etched

portion of the first dielectric layer to a diluted hydrofluoric acid (DHF)
solution. 18. The method of Clgm 1, wherein said steé) of selectivelﬁ etchin

a portion of the ISt BRNAGRL fALUP JoMPREHE R AAY ARaSH ARG SRTRNFRS AN
dielectriel&ydcaiynith suleetheirn ssaidssiepted select gedy e tinbigting oftiiicof diexide
first dielecti [ 91{ ‘%y?Esﬁtﬁa of forming a copper interconnect via
in the et%ﬁ%?é%/g%nﬁﬁgfr- %\’1}1%% §‘net od of forming an electrical interconnect
structure, comprising the steps of: forming a dielectric layer on a
semiconducigr stRsHiBodItiRgn? h%ﬂé@ﬁ%@&%‘féﬁﬂh&aﬂ@ﬂﬁ ig layer;
patterning a photoresist layer on an upper surface of the hard mas "
photoresist layer on'the hard mask layer is preceded by a step of depositing
an antireflective coating directly on the upper surface of the hard mask layer;
and wherein said stripping step comprises stripping the patterned

photoresist layer and the antireflective coating from the hard mask layer.

17. The method of Claim 1, wherein said step of selectively etching a
portion of the first dielectric layer is followed by a step of exposing the etched
portion of the first dielectric layer to a diluted hydrofluoric acid (DHF)

solution.

18. The method of Claim 1, wherein said step of selectively etching a
portion of the first dielectric layer comprises etching an opening in the first
dielectric layer; and wherein said step of selectively etching a portion of the
first dielectric layer is followed by a step of forming a copper interconnect via

in the etched opening.

-10-



layer; selectively etching the hard mask layer to define an opening therein

that exposes the dielectric layer, using the patterned photoresist layer as an
etching mask; then stripping the patterned photoresist layer from the hard
mask layer using an ashing process; and then selectively dry etching a
portion of the dielectric layer extending opposite the opening by exposing the
portion of thEdiBIEHORGEIGNE R QisGHiealdBile wan e i delyre (paRPASINg
respectiy i@tgss bRt establish a volumetric flow rate ratio of H2/CF4 at
greater tharj) about 0.35. 20.. A method of formin% an electrical interconnect

structure, cEAPIERCRE LSBT RS R UCAIRIEAE S4Der BiF a
semicondudtonsodpsitede] rfaskitayer barthendisletzayielayethe dielectric layer;

pattering g aglglesisURYR AR UBPS! SHTRCS oL e et sk YRt

selectively etching t ard mask layer to define an opening therein
exposed@¥fSidielectric layer, using the patterned photoresist layer as an

etching magie|saavesfiaRehig ik Paremesk PARIPIS SIshhayah BiosniHetherén that
mask layer using an ashing process; and then selectively dry etching a
Srased i i DehaThe

portion SFHERNEHE RS BYRINHHGUBE PRI T FOANG Y BYE

portion efdhiagliekesitrithéayer to CF4 and CHF3 source gases at a combined
volumetric flow, e IRATANIR P ER ABPMid0a TS OIR ARME AT Maydrtsing
an ashing process; and then
selectively dry etching a portion of the dielectric layer extending opposite
the opening by exposing the portion of the dielectric layer to a CF4 source
gas and an H2 source gas at respective rates that establish a volumetric flow
rate ratio of H2/CF4 at greater than about 0.25.

20. A method of forming an electrical interconnect structure, comprising
the steps of:

forming a dielectric layer on a semiconductor substrate;

forming a hard mask layer on the dielectric layer;

patterning a photoresist layer on an upper surface of the hard mask
layer;

selectively etching the hard mask layer to define an opening therein that
exposes the dielectric layer, using the patterned photoresist layer as an
etching mask; then

stripping the patterned photoresist layer from the hard mask layer using
an ashing process; and then

selectively dry etching a portion of the dielectric layer extending opposite
the opening by exposing the portion of the dielectric layer to CF4 and CHF3
source gases at a combined volumetric flow rate in a range from about 10

sccm to about 20 sccm.
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