METHODS OF FORM NG DUAL- DAMASCENE | NTERCONNECT
STRUCTURES USI NG ADHESI ON LAYERS HAVI NG HI GH | NTERNAL
COVWPRESSI VE STRESS AND STRUCTURES FORMED THEREBY
Field of the Invention The present invention relates
to integrated circuit fabrication nmethods and, nore
particularly, to nmethods of fabricating integrated
circuit devices having nmetal interconnect structures
t herei n. Background of the Invention Conventiona

nmet hods of formng integrated circuit devices may

i nclude steps to formsingle and/ or dual damascene

structu I
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shown). This first copper wiring pattern 12 may be covered by an
electrically insulating capping layer 14, which may be formed as a SiCN
fayer. An adhesion layer 16 is also formed on the capping layer 14. This
adhesion layer 16, which may also be referred to as a graded layer, is
typically formed of a material having a strong adhesion strength, a low
susceptibility to arching and undercutting (during processing) and a strong
resistance to moisture absorption. An inter-metal dielectric (IMD) layer 18
is formed on the adhesion layer 16, as iliustrated. This IMD layer 18 may
also be formed of a material having a relatively low dielectric constant.
This IMD layer 18 may then be patterned (once or multiple times) to define

an opening therein that exposes an upper surface of the first copper wiring
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-1 pattern 12. Conventional techniques may then be
used to fill the opening wth a second copper wring
pattern, which includes a copper plug/via 20a and a
patterned copper wiring layer 20b thereon. As will be
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intercgﬁﬁg(i;tns(%ru%?%eg %nfsoérr%gnguctogs&sstrates chudmg forming a
first wiring pattern on a semiconductor substrate and then forming an
electrically insulating adhesion layer on the first wiring pattern. The
electrically insulating adhesion layer is formed to have an internal
compressive stress of greater than about 100 MPa to thereby reduce its
susceptibility to etching-induced undercutting and/or moisture absorption.
An opening is then formed in the adhesion layer and the first wiring pattern
is exposed by the opening. This opening may be formed using a selective
etching step that exposes sidewalls of the adhesion layer to a chemical
etchant and/or cleaning solutions.

Additional embodiments of the present invention include methods of
forming dual-damascene copper wiring patterns by forming a first copper

wiring pattern on a semiconductor substrate and then covering the first
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etching step that exposes sidewalls of the adhesion
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includes depositing a silicon dioxide adhesion layer on the capping layer
using source gases containing octamethylcyclotetrasilane (OMCTS) and
helium (He).

An additional embodiment of the invention includes methods of
forming a dual-damascene copper wiring patterns by forming a first
dielectric layer comprising SiCOH on a semiconductor substrate and
forming a first copper wiring pattern on the first dielectric layer. An
electrically insulating capping layer comprising SiCN is formed on the first
copper wiring pattern and then a silicon dioxide adhesion layer is deposited
on the capping layer. This deposition step is performed using a first source

gas containing octamethylcyclotetrasilane (OMCTS) at a volumetric flow
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usi ng source gases contai ni ng

oct anet hyl cycl otetrasil ane (OMCTS) and helium (He).

An addi tional enbodi ment of the invention includes
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séecon el ectric layer adhesi on | ayer and the
Epi - AGaser cme@sewmasm\/mmf intermeztigtpestrusturea ghat

ern.. This en n?C s fil with a éecond copper
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ene copper I nterconnect structure. FIGS
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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 o 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.

Embodiments of the present invention include methods of forming an
electrical interconnect structure having an adhesion layer therein, which
has a reduced susceptibility to undercutting and moisture absorption during
semiconductor processing. This adhesion layer is formed to have an

internal compressive stress of greater than about 100 MPa and, more
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enmbodi nents of the invention are shown. This invention
may, however, be enbodied in different forns and
shoul d not be construed as limted to the enbodi nents
set forth herein. Rather, these enbodi nents are
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Wi ri n? pattern 120 is formed on the first dielectric
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metal | i zat| on (not shown) into the recess. Thi's | ayer
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suf f I %g%pgi% ayern|4t0o u%w%oascombmatlon of at least a first source gas
containing octamethylcyclotetrasilane (OMCTS} and a second source gas
containing helium in a deposition chamber. This deposition step may be
performed at a pressure of about 5 torr and a temperature of about 350°C,
using OMCTS as a source gas at a flow rate of about 500 sccm, O, as a
source gas at a flow rate of about 500 sccm and He as a source gas at a
flow rate of about 1000 scom.

In particular, in order to achieve a level of internal compressive stress
within the adhesion layer 160 that exceeds 100 MPa and, more preferably,
exceeds 150 MPa, the first source gas containing
octamethyicyclotetrasilane (OMCTS) is provided at a volumetric flow rate in

a range from about 500 scem to about 700 scecm and the second gas
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upper surface of the first dielectric |ayer 100 and

define a shape of the first copper wiring pattern

120. Thereafter, as illustrated by FIG 2B, an

el ectrically insulating capping |ayer 140 and a
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dielectric layer 180, which may be

deposited (and patterned) copper layers using conventional damascene

processing techniques.

Accordingly, embodiments of the present invention illustrated and
described herein result in the fabrication of an electrical interconnect
structure that includes a first metal wiring pattern on a semiconductor
substrate and an electrically insulating adhesion layer having an internal
compressive stress of greater than about 150 MPa, on the first metal wiring
pattern. A second metal wiring pattern is also provided that extends
through an opening in the electrically insulating adhesion layer and directly
contacting the first metal wiring pattern. The interconnect structure further
includes a low-k dielectric layer (e.g., SICOH layer) extending on the

electrically insulating adhesion layer. This low-k dielectric layer has an




formed using one or nore separate deposition steps,

may be a relatively lowk dielectric |ayer such as a

Si COH | ayer having a thickness in a range from about

1 OOOA to about 10, 000A. An opening 210 is provided in
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and t he!tRSHAY NS RNC gRec %t'% 5 iose typical
éaref‘e?regf %B@dfrh%rﬁts o‘?‘t’rﬁ’é’ﬁ{ve}%uéh RYIPARAAS d%I ér?ébtflcT@rﬁas are
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th%it(f:w,ln eccplamygth a second copper wiring pattern 200,
as il rated. This second copper wiring pattern 200
may be formed from a conbination of separately
deposited (and patterned) copper |ayers using
conventi onal damascene processing techniques.
Accpn AirngHycHasbodangnbgsef the present invention
illustrated and described herein result in the
fabrication of an electrical interconnect structure
that includes a first netal wiring pattern on a
sem conductor substrate and an electrically
i nsul ati ng adhesion |ayer having an interna
conpressive stress of greater than about 150 MPa, on
the first nmetal wiring pattern. A second netal wring
pattern is al so provided that extends through an
opening in the electrically insulating adhesion |ayer
and directly contacting the first netal wiring
pattern. The interconnect structure further includes
a lowk dielectric layer (e.g., SiCOH |ayer) extending
on the electrically insulating adhesion |ayer. This
lowk dielectric layer has an -6 opening therein that
is aligned with the opening in the electrically
i nsul ating adhesion layer. In the draw ngs and
specification, there have been disclosed typica




preferred enbodi nents of the invention and, although
specific ternms are enployed, they are used in a
generic and descriptive sense only and not for
purposes of limtation, the scope of the invention
being set forth in the follow ng clainms. THAT WH CH
IS CLAIMED IS: -7 1. A nethod of form ng an

el ectrically conductive interconnect structure,

c rising.the steps of: form a first electrically
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bt structure; selectively etching the adhesion |ayer to
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forphifgtan slabiritapPi@uritingeadHasust MF/@E havlflg fahl ihiegalt he
openi ng with a second electrically conductive
=
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Condu%bvr?p%@é@%deposi ting a silicon dioxide adhesion |ayer
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exposeoNETESt alegtitally gangrelve gtructie; @éfhod of daim 1,
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silicon di oxi de adhesion |ayer on the capping | ayer
usi ng source gases contai nin
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step o ng the opening I's preceded by
layer st ibe fobt erposaingcanduapwatiuctdretusengmebiese@askayer to a
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3. The method of Claim 1, wherein said step of forming an electrically
insulating adhesion layer comprises depositing a silicon dioxide adhesion
layer on the capping layer using source gases containing

octamethylcyclotetrasilane (OMCTS), oxygen (O2) and an inert carrier gas.

4. The method of Claim 1, wherein said step of filling the opening is
preceded by a step of exposing a sidewall of the adhesion layer to a

diluted hydrofluoric acid solution.




5. The nmethod of Caim1l, wherein said step of formng
a first electrically conductive structure is preceded
by the steps of formng a SiCOH dielectric |ayer

havi ng a recess therein, on the sem conductor
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copper wiring pattern. 7. The nethod of aim6
wheliegefssai d step of form ng an electrically

i nsul ati ng adhesi on | ayer conprises form ng an
electrically insulating adhesion |layer directly on an

upper gumhageetdbdtdicialine st wheadihwaidstapalf ifigningappélBgtrically
| ayer. 8. The nethod of cdaim2, wherein said step of

f or:ﬂﬁn@tlagﬁdhgﬁlonéawtfﬁup@wqﬁdc%ha@é@n okfosmingag @@qt@caliy
P;;ieﬁrgg vgngbgﬁ‘rgec ss cﬁ‘h EIQH , aqﬂe%lﬂggﬂ coné %{%&rrﬁace of

s ubthier @ppier anthg\baiteinn sai d step of formng a first
el ectrically conductive structure conprises formng a

filling the recess with a copper layer and

pl anary zirpg &Qﬁog%ﬂﬁéwh %yWhS?éﬁﬁl%%fd §e %f‘?&r?ﬂ%p a él%@i@icaliy

pattern wthin recess he net od 0
wheineulatingiadhetiep layerf armprigesaformirgcan eeatiioally msuiatmg

i nsul ating adhesi on | ayer is pr

f or AR Gl BRE PR BAPI A YRRES PR Cb AP RGTIcG e isulating
conpy +CN directly on an upper surface of the
coppe‘?pﬁmﬁrl@g pattern. -9 10. The nethod of Caim?9,
wherein said step of formng an electrically

8. The method of Claim 2, wherein said step of forming a first
electrically conductive structure is preceded by the steps of forming a
SiCOH dielectric layer having a recess therein, on the semiconductor
substrate; and wherein said step of forming a first electrically conductive
structure comprises forming a filling the recess with a copper layer and
planarizing the copper layer to define a copper wiring pattern within the

recess.

9. The method of Claim 8, wherein said step of forming an electrically
insulating adhesion layer is preceded by a step of forming an electrically
insulating capping layer comprising SiCN directly on an upper surface of

the copper wiring pattern.




i nsul ati ng adhesi on | ayer conprises form ng an
electrically insulating adhesion |ayer directly on an
upper surface of the electrically insulating capping
| ayer. 11. A nethod of form ng a dual -damascene copper
10 Thagngthbteflaint 8nphesdimgatcheteptod farnuhg anoelatiigaby
_ first copper wiring pattern on a sem conduct.or
insulap SENASRN 12y Sh R Sk BRI 72 4190y ISP cappi ng
adhesiGY RlyePRirkB®y b bitugpRPREFacior kitdcRairicaNy indulitiAgng an
el ectrically insulating adhesion |ayer having an
cappimgntayrenal conpressive stress of greater than about 100
MPa, on the capping layer; formng an inter-netal
dielectric |ayer on the adhesion |ayer; formng an
1 PPANhBthdd @t fomingnilguaitd rHabedMechpierwirmyg dlattern,
dielectric |ayer, the adhesion |ayer and the capping
comptisipgthastepex@foses the first copper wiring pattern

roffihd AR ebeh SRR AR ST Resheled o ep
fophirfepamieng:tachllyehQeatin eapping Nyl @ the fasthemipen | ayer

. conprises depositing a silicon dioxide adhesion |ayer
wiringgrattea; cappi ng | ayer using source gases cont ai ni ng

t. ' , ' .
fopH TR G [ e G HRURIGT ItEFrinf™
compfassiienstress ofejrester iteat hyoutmsdld BPang@natibeabpimd layer,
conpri ses depositing a silicon dioxide adhesion |ayer

foRaNIchgn aﬁer-meé@frpaﬁleg%wd%%rs@wes@ RRSIORAYEFeat er t han

B an PR S e AR RSN R R by,
layer, 1He athesivatibper fd Beaappiiy laykerard expasel Ytecjrsbf
formn second copper wiring pattern is preceded by
ceppe&%{*eg%@%ea%;%?i ng the adhesion layer to a diluted

fIMHHPE48hhE cBEHE WRhYPRRM 1l the opening.

12. The method of Claim 11, wherein said step of forming an
electrically insulating adhesion layer comprises depositing a silicon dioxide
adhesion layer on the capping layer using source gases containing

octamethylcyclotetrasilane (OMCTS) and helium (He).

13. The method of Claim 11, wherein said step of forming an
electrically insulating adhesion layer comprises depositing a silicon dioxide
adhesion layer having an internal compressive stress of greater than about
150 MPa using source gases containing octamethyicyclotetrasilane
(OMCTS) and helium (He).

14. The method of Claim 11, whetein said step of forming a second
copper wiring pattern is preceded by a step of exposing the adhesion layer

to a diluted hydrofluoric acid solution.
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15. The nmethod of Claim 11, wherein the electrically

i nsul ating capping |ayer conprises SiCN 16. The

met hod of Claim 11, wherein the inter-nmetal dielectric

| ayer conprises SiCOH 17. A nethod of formng a

dual - dfma$bemeetbod @ Clakm il Agwhataieiting clectivaily disatirige
steps of: formng a fiJ dielectric layer conprising
Si Y E‘@éﬁ?ﬁ&ﬁ'&ﬁ%?@éh- substrate; forming a first
copper wiring pattern on the first dielectric |ayer;
formng an electrically insulating capping |ayer _
conpr i H.nghsingpthed af Kdaint il d swheoppdie witer-mgta) gieleetnc layer
deposi tin §5'<5H con di oxi de adhesion | ayer on the
cap(bqrﬁar'?%y F~~Usi ng a first source gas containing

oct amet hyl cycl otetrasil ane (OMCTS) at a volunetric
flowrate in a range from about 500 sccmto about 700
sccm hhdAansteshef febningea gual-dameacensechrarivifnapaliemn,

VOlﬁé}%éﬁgégftﬂﬁg\élterp%tcﬁ: in a range fromabout 1000 to

abo sccim "Torimng a second dielectric |ayer

conpr i @irithdSh G dislettiie [agdranoprisih@BeCOH e Bisagiaonductor
openi ng that extends through the second dielectric
| ay®#dstraidye adhesi on | ayer and the capping | ayer and

expos gk St o WK T LAg
o Socanl o S oo pPRE Riind LA APSt dBREaRTRED
met hodfoehing an esiccTricallyénsilatisptdppiap dspdricogsisem SiCN on the
conprises depositing the silicon dioxide adhesion

| ayidist GQW@V&'“FHtheg%urce gas conprising oxygen (02)

at a v ind § shilcBW di@liGe QlindBBHllay&h e Bapbth r, usin
nmet hod@%%%grgq ‘rénsllﬁg v(\'ﬁerte?n sa?@ o‘?epom t?‘%g c?cjg)rrpgr E|-J::jll§§s' J
depadirdtisogree gas cootairdhgothenaiiiykeyciotettasjiene HAWIGTS pat a
i nternal coppressive stress of %r %% er_than ab?uftD 150
VPavolumetric flow rate in a range from about scem 10 about 700°scem
and a second source gas containing helium at a volumetric flow rate in a
range from about 1000 to about 3000 sccm;
forming a second dielectric layer comprising SiICOH on the adhesion
layer,
forming an opening that extends through the second dielectric layer,
the adhesion layer and the capping layer and exposes the first copper
wiring pattern; and

forming a second copper wiring pattern in the opening.

18. The method of Claim 17, wherein said depositing step comprises
depositing the silicon dioxide adhesion layer using a third source gas

comprising oxygen {O;) at a volumetric flow rate of about 160 scem.

19. The method of Claim 17, wherein said depositing comprises
depositing a silicon dioxide adhesion layer having an internal compressive

stress of greater than about 150 MPa.
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-11 20. A nethod of forming an electrical interconnect

structure, conprising the steps of: formng a

di el ectric layer on a sem conductor substrate;

formng a netal vvirin? pattern on the dielectric
20.apenethaddoifepoiia amglesiricad idglicenneelysrucdwes he met al

WL N ttern using a first source gas containing
CO”“PB%'P%@? %%p@y%fpot etrasilane (OMCTS) at a volunetric

fohinY & didedticdayaritdra kepmalidtorsstatm to about 700
sccm and a second gas containing heliumat a

foringhermetal wirthg pattasnion thediglgelriclaysrapbdt 1000 to

X | i i t e
d%?@%tiqgﬁ?@%d@%ﬁ%h%ﬂ%gcfr‘p’gaeef r?]r%g IlV\ﬁngllt‘ %Pﬁ\fltmgrﬁnfl%ﬁg%tf{rgtr n on
sourcad gs8Miontaidingt eutamelistic\aletrasilaeleg OVMCTE) lay ai vadwrhatricng
esion | ayer havi ngoan i nternal _conpr esgriﬂ(ye stress

h
flow rgip Igreekanefe fTararm et ab0 BseMIPAb TORSLNT 8fd Retegrnd
gas cShiaild ﬂgﬁ@@@nia 8metic RGR Sk TR Plantl it RLE $000

rough an opening in said~electrically
to abdutsadioatdogegn.adhesi on | ayer and directly contacting said
first netal wring pattern. 22. The electrical

i nterconnect structure of Claim?21, further

2’%io%lé&tﬁ@aﬁin&é}%Kn@ét%@%ﬁ“ré,%drﬁ%ﬁéinﬁp_nSi sting of

extendi ng on sai electrically insulating
a digtasetahwirnepattemdwhsesiicorshictbrsabsirdtaret al Wi ri ng

attern extends through an opening in,said | owk .
afielg Bagall dns dgied ehBFSIa e PNid i MNSPREaRRH b n
stresS81 Gredlegahih eRbLY 150 Atd NG eatteesiced) Viakg batted? and
a second metal wiring pattern extending through an opening in said
electrically insulating adhesion layer and directly contacting said first metal

wiring pattemn.

22. The electrical interconnect structure of Claim 21, further
comprising a low-k dielectric layer consisting of SICOH extending on said
electrically insulating adhesion layer; and wherein said second metal wiring
pattern extends through an opening in said low-k dielectric layer that is

aligned with the opening in said electrically insulating adhesion layer.
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