METHODS OF FORM NG ELECTRI CAL | NTERCONNECT STRUCTURES
USI NG POLYMER RESI DUES TO | NCREASE ETCHI NG SELECTI VI TY
THROUGH DI ELECTRI C LAYERS Field of the Invention The
present invention relates to integrated circuit
fabrication nmethods and, nore particularly, to

nmet hods of fabricating integrated circuit devices
having el ectrical interconnect structures therein.
Background of the Invention Conventional mnethods of
formng integrated circuit devices may include steps
to forn1sing|e and/ or dual damascene structures using
copper as_an_electrical interconnect nat
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formed of a material, such as SICOH, which has a dielectric constant less

than a dielectric constant of silicon dioxide (Si0O;). 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., SiO, 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 forma via opening
within the hard mask |l ayer 14 and the ILD | ayer 12
and define a recess within the IMD |l ayer 10, using
the patterned OPL |ayer 16 as an etching nmask. The
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ma tlébrlcgtlon tecﬂn[q at t1‘3nes.e 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
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photoresi st layer is used as an etching mask during a
step to selectively etch the hard nask | ayer and
define an opening therein. This opening exposes -2 the
first dielectric |ayer. The patterned photoresi st
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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 alfernative 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 (O3)
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
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gas i ncludes CF4 and CHF3 and a conbi ned vol unetric

flowrate of CF4 and CHF3 is in a range from about 10
sccmto about 20 sccm This fluorine-based source gas
may be used in conmbination wth an oxygen (02) source
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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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di scl osure will be thorough and conplete, and wl|
fully convey the scope of the invention to those
skilled in the art. In the drawi ngs, the thickness of
| ayers and regions are exaggerated for clarity. It
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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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a range from about 150 A to about 600 A. The hard mask
| ayer 140 is covered with an antireflective coating

| ayer 200 that enhances accuracy of subsequently
performed photolithographically-defined patterning
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of the opening ma?/
etching the first dielectric layer 120 may include exposing the first dielectric
layer (in the first opening 130) fo a first source gas including CF4 and a
second source gas including H2. To achieve a desired degree of efching
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 scem.




then be cl eaned by exposing portions of the first
dielectric layer 120 in the opening to a diluted
hydrof l uoric acid (DHF) solution. Damascene
processi ng techni ques nay then be perforned to forma
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source gas may al so be conbined wth an oxygen (02)
source gas that is supplied at a volunetric flow rate
of about 10 sccm and an argon source gas that is
supplied at a volunetric flow rate of about 400 sccm

In still further enbodi nents of the invention, the
fluorine-based source gas nmay include a conbi nati on of
CF4 and CH2F2 or




a conbi nati on of CH3F and CH2F2. In the draw ngs and
specification, there have been discl osed typica
preferred enbodi nents of the invention and, although
specific terns are enployed, they are used in a

generic and descri ptriHae gaes My nmEg: for
purposes of l[imtation, the scope of the invention

being set forth in the following clains. -7 THAT
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| ayer conprises selectively etching a portion of the

firgnddielectric layer using a dry etching technique.
selectively etching a portion of the first dielectric layer extending

opposite the opening while simultaneously accumutating 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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3. The method of Caim2, wherein the accunul at ed

pol yner residues inhibit recession of the hard nask

| ayer during said step of selectively etching a

portion of the first dielectric layer. 4. The nethod

of O a4 NTRe nYtREEG 0N Giailtl4 SkRBredh safll R io¥ ebiecaisiichehifg a
portion of the first dielectric |ayer conprises )
expogtion of the fist dietectde laves compsises éxppeingihe pogipsy oftthe first

3, SIRertie e g & PR SR ST TRy R T sslgoe
of égeccjrh?ﬁggngi[ﬂ,ect ric layer conprises exposing the

portion of the first dielectric layer to a first
source gas conprising CF4 and a second source gas

Firer Confadoynde of CalfFa Rhefin AT Souliid § & and the

H2; scrpid Wolk&d gafis'ia2i andivharaiwbugtd of e volumetriatfevofate of the
the second source gas relatjive to the first source
gasSatoNgreH e JahEmatisoietthe fissl source gaisRreRiRd toan about 0.25.

Claim6, wherein the first dielectric layer is a

p-Si COH | ayer. 8. The nethod of Claimb5, wherein a

vol unmel.r The frhethod alf €laim Bhehsedotit: fist dicdectgasayss is a
greater than about 40 sccmand a volunetric flow rate

of RTCOH la¥8r-source gas is about 150 sccm 9. The

met hod of Claim4, wherein the fluorine-based source

gas conprises CF4 and CHF3. 10. The nmethod of Caim

9, whes.ellheanethobioh €laivobuwberdin afMobwmeticdlovf rat€pd thendecond

Sccrarge 03 ORI B SFO™ RGP BRIt Tefpgef the

sel et bY@y RG8pgua15@eEEmon of the first dielectric
| ayer conprises exposing the portion of the first

dielectric layer to an oxygen (02) source gas at a
volumeftric flow rate.of ,about .10 seccm.and_an argon
sour ceb gabon oUBlr IR Ao WPPtRIn ths BGGHAERaRPd 2488R oes
scciamprsestOfFamRidhoArgf C aim 4, wherein the
fluorine-based source gas

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

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

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 {(O2) source gas at a volumetric flow rate of
about 10 scem 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.




conprises CF4 and CH2F2. -9 13. The nethod of C aim 4,
wherein the fluorine-based source gas conprises CH3F
and CH2F2. 14. The nmethod of C aim4, wherein the
fluorine-based source gas is mnmxed with an argon gas
dur i ngi ZatHe sithodof SRhiact] wabieietrhilngire-pasdd sourck gas
the first dielectric |ayer. 15. The nethod of C aim 1,
whegosnprisaseChar nselski2Fdyer conprises an electrical ly
insulating |ayer selected froma group consisting of
silicon dioxide and tetraethylorthosilicate (TEOS).
16. Thet.nEhbecethbd Of @lamild, wheredn thesfiiiatirst-bpsad source gas is
phot or esj st | ayer. on .th har d

atternin a
Ps rmxe@e@%aaaw%o%g@ﬁ dgfing sgister sy Segﬁ?f”é%‘bﬁ 'n@&r%/%on of

Co%b%stdd é@ ¥‘|Cy|a @rthe upper surface of the hard mask
; n said stripping step conprises

st r| ppl ng t he patter ned phot oresi st I ayer and the

?’Eéi {rg{flhg%}\l Ve%ﬁgg 'f : g:n \g}tgl?e:l)g éi;mgpﬁ)(ayer comprlses an
sel QEHH\SQ!J;)’ Hn@hl‘é‘ﬂﬁ@ %Q%r s@@cté@ﬁor‘hfa ér’?)%pfdoh&stlﬂ? %E gflj%bérh Bioxide

| ayer 1s a step of exposing the e
porandtetafeth Herthdsiktatdi( EEES)ri c | ayer to a dil uted
hydrofluoric acid (DHF) solution. 18. The nethod of
Caiml, wherein said step of selectively etching a

por ti ofp ofrhk hethbll T Glaigh @CivhiFeih @mrst@?wwa&@ﬁmg a
etching an opening in the first dielectric layer: and

mhemtmtnrmtdamr@m tbe: hastl ecasklaygr ietsesattpcabpa steraf dgpositing

 ocan DML S Bl o B PYF T oo bRy Flask ayer
opesmddnerdif shiYl stAipBRighstep @bnipises r@,m@ﬂn@ree:paﬂtmbd

I nterconnect structure, conprising the steps of:

f or phatgresigtileyesand thel anfisellesiivg oakng @mm&t%hard mask layer.
substrate; formng a hard nask | ayer on the

di el ectric | ayer;

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.
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patterni ng a photoresist |ayer on an upper surface of
the hard mask |ayer; selectively etching the hard

mask | ayer to define an opening therein that exposes
the dielectric |ayer, using the patterned photoresist

| ayer #% Ammetdibdhif fgniimg kn didericsitiniepginmgct bleucture, comprising
patterned photoresist |layer fromthe hard nask | ayer
usithg st@ps 86hi ng process; and then selectively dry

et Chi gy @iPa idBthE 148 offl £LEFHddrEbRY upsithRndi ng
opposi te e openi ng "by exposing the portion of the
di el ecforining ayerd tras 18t woivecdiclegh® lape; an H2 sour ce

gas at respective rates that establish vol tric

Flow Raffeningd BholoreBsidRiSTeN gpaiper Sufiare abbli hercsask
20. |40t hod of form ng an electrical interconnect
structure, conprising the steps of: formng a

di el ecsealectivedyetching the and cwstieyertogigist met @yening therein that

form ng a hard nmask,layer .on the dielectric |ayer:

ot PUTTheRhe GoiBes s eigg dhe BattefioditSst Fatere an
t heo g MBSk thbAyer; selectively etching the hard

masi |'ayer to define an opening therein that exposes

t he di gfrippingitbe Ipajternecusheigradiel Ipyenfeomdioe patd oraskilayer using
| ayer aé. an etchin tHaSk; then stripping the

pa.t?%@ﬁ '(5‘%”8{’%?86&” t ?der fromthe hard mask |ayer

usi ng s@BcRAN g éiéi@ﬁ?%ﬁjorﬁ@ﬁ of fheItisRLRRIAYS axtéMiding opposite
etching a portion of the dielectric |ayer extendin

oppisi apening &y epeasing thy pexissseyietthelepictawr tofa Ggé source

contirat Forfatybl ofs 8 ARReEle a8 M B RRISH it fow

sccraté eatabefiH2 AR 4 atfreatdrithan 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 scem.
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