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I NVENTION. (1) mmu\mmnm\\m | nvention The invention relates to a nethod of
fabricating ﬂm tructures, and nore particularly, to the _
formation of danascemﬁ“hnterconnects using low dielectric constant
‘materials i'n the manufacture of integrated circuit devices. .(2i °

Description of.the Prior Art Wth the continuing reduction in the feature
manuf act.ure, -conductive traces and

.size in the ar ty or
active devices argIn Eg E§ cBRARRSGE Wﬁ(iﬂﬂEﬁCpﬂyéﬂﬁ§rWITHh$BD@MKﬁuew

.prOX|n1ty has .| ed tFA% %ienendo acking ‘densities.of nodern ultra
| ar ge .scal e «i nt egr at'l EFHe@EGQFE%IQIERﬂQﬂﬁﬂQSes and cl oser

devi ce .spaci ngs .has . cone_ the problen1of great er capacitive. coupling
bet ween - adj acent circuit elenents IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

*ACTICN* 1 -0 DEC 2004
BACKGROUND OF THE INVENTION

(1) Field of the Iavention
The invention relates te'a method of fabricating
semicqnductor structures, and'more particularly, to the
. formation of damascene lnterconnects usrng low dlelectrlc

constant materrals in the manufacture of 1ntegrated c1rcu1t

devices.
- (2) 'Description of ‘the Prior Art

With the continuinqlreduction in the feature size in
the art of semlconductor manufacture, conductive traces and
actlve devices are now fabrlcated very closely .together.
This greater proxlmlty has led to the tremendous packing

.densities.Qf modern ultra large—Scale integration'(ULSI)‘
With these greater densities and closer device spac1ngs has

come the problem of greater capacitive couplrng oetwee

adjacent Circuit elements.
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To reduce the capacitive coupfing bet ween el enents in the circuit,. while ~

'still"achieving the essential electrical -isolation, new
dielectric-materials have been devél oped and . i ntroduced into |ntegragg#
‘circuit manuf acturi ng. These new materials typlcally are based on organic
‘conpounds-that may al so contain inorganic el ements; such as silicon
-exanpl e, spin-on-glass (SOG naterlals - such: as S|Isequ|oxane have been
i ntroduced. Anorphous carbon: , “dielectric materials and organi.c polyners
have.' al so... "been applied in place of silicon dioxide. These new material s
reduce the di el &6t FedUeRrhamapsicitivei asubhingpetwaeer elfementd, ihhus
|nprOV|ng circuit performance. There are many difficulties to overcone in
using. t hesé&he Riasaniht evhil &, stidieaehie@ing priod| eyseit ipar dledkascgoncern
‘i's-stripping photoresist. Tradi ti onal methods and chemistries. used for

stri ppi.ng, 4SERRAGOR hevew ndive Iedtericaa tee DEDsINKeYe Nt fEveadpwidl bnfe seen

in'the prior art exdnpl'e. Refeiring-to Fig. 1, a7 Cross- sectlon ofr a-

.partlally ingmwpHeced priorimregratesgrareditinamitadifigicrs.i S ThBgwn. I'n “this:

exanpl e, a dual damascene via is being formed. A semi conductor substrate
10 is showweWTnetsenabSndwmicﬁlE& are based on organlc compounds that

may also’ contain 1norganic elements, 'such as. s1licon _For'g
example, spin-on- glass (SOG) materials, such.as
-silsesquiokane have been introduced Amorphous carhon

:. dielectric materlals and organic polymers have also been
applied in place of silicon ledee These new materials
reduce the dielectric constant of the insulating layer

formed, thus’ improv1ng circuit performance

" "There are manYidiﬁficulties to overcdme in uéihg'theséf
'fnew materials, however 6ne problem of particular concern
is- stripping photoresrst Traditional.methods and
chemistrles used for stripping etching these new materials
encounter problems as will be seen in the priox art

example.

Referring-to Fig. 1, a cross-section of a partially
‘completed prlor art 1ntegrated circuit devrce is snown In
this example, a dual damascene via is being formed. A

semiconductor substrate 10 is shown. The semiconductor




1 0 DEC . 2004 Substrate 10 could be conposed of silicon or of several

m croel'ectronics | ayers such as insulator 'l ayers and “conduct or{ aqusiu&
Metal traces 14 are forned overlying the sem conductor substrate A
passivation | ayer 18 -overlies and isolates the netal traces 14. ‘A first
low dielectric constant |layer 22 is applied overlying the passivation

| ayer 18. The fisrst low dielectric constant |ayer 22 conprises-either an
organic material or carbon-doped silicon dioxide.. An etch stop 'l ayer 26. -
overlies the first low dielectric constant material .22. A second | ow :
di el ectri csubasrane hiateilal 1280 compbbieasot hei Picdh YoR e akeerdd. The second
| ow di el ectric constant |ayer 30 al so conprises either an organic materi al

or a carbodcdopbectidnn ldiyerisdguch §§p9h§@ﬂé66¥”lé?$fgvﬁhh'es ‘the
second |low-dielectri¢c constant |layer 30. Finally, a- photoreS|st | ayer. 38.

is appli. edcomdutyof\glamg:.apmemgll aygtes3f#4 are RIS IRQAPNEOLFLY. 2,
the photoresi.st layer. 38 is "patterned to form openings whefe vias for’ the

Fual danasemmeon@ﬁéﬂéxﬂﬁvﬁﬁﬂiat%rQ0p|aﬂ”?ﬂssﬂ*ﬁ%f&ﬂ”l%?%ﬂ gger 34,. 'second.
ow diel-ectric constant |ayer 30, etch'stop layer t he flrst
'|OMFdIe|ecbWEClﬂ@ﬂsiﬁﬂ“l§dﬂﬂﬂé52%h@rﬁeeal traces 14. A first low
:dlelectrlc constant layer 22 ‘is applled overlylng the
”pa351vatlon layer 18 The flrst 1ow dlelectrlc constane
‘layer 22 comprises e1ther an organlc materlal or 4.
uca:bon-doped sxllcon dioxide.. An etch stop layer 26
- overlies the flrst low dielectric constant material 22. A.
.second low dlelectrlc constant materlal 30 overlies the
etch stop layer 26, The second low dlelectrﬁc constane
layer 30 also comprises elther an organic material or a
earbop-doped silicoﬁ dipxide. A capping layer 34 dverlies-‘
the second.low'dielect;ic constant 1a§er-30. Finally, a
photoresist layer 38’is applied overlfing the capping layer -

34.

Referring now to Fig. 2, the photoresist layer 38 is’
patterned to form openings where vias for the dual

" damascene 1nterconnecf§ are planned The capnlnc layer 3

second low dielectric constant layer.30, etch stop layer

26, and the first low- dielectric constant layer 22 are




3 1 0 DEC 2004 etched through using the photoresist |ayer 38 pattern as a
mask. = Referring now to Fig. 3, the photoresist layer . 38 is Tﬂg@dmm
away. A serious problemin the prior art nethod is illustrated.
phot ot esi st stripping process can attack the first |ow dielectric constant
| ayer 22 and the. second |ow dielectric-constant |ayer 30. A significant
amount of the l1ow dielectric constant material .can be renoved, resulting
in the bomﬁng profile 42 .shown. Photoresist is typically stripped by a wet
-sol vent or an oxygen plasnma. Unfortunately, wet solvents can attack
i nterface' §F C\éﬁ i ther phshipngsisppragsh 38 pateenf sequent |y
used t'o.avoid thIS probl em- Oxygen plasmas do. not typically danage
siI'i con di BRF8e diel éctric 'layers. However, the carbon and hydr ogen
-containing low dielectric constant materi aI s are: susceptl ble to-attack by
t'he oxygen. radicals in the pl asma. The bowi ng dammge ' caused by the oxygen
strip.is not: reparable. It. leads to poor damascene copper fill. and to- via
jp0| sani ng probl ﬁéerrlf&mlt%rﬂl@r ar,ttaeppmmsmas:cbb‘qjaq&& met heds t.o form
strlpped .away. A serlous oroblem ln the prror art method
is.illustrated. The photoreszst strlpplng process can
attack the flrst low dlelectrlc constant layer 22 and the

13

second low dielectric constant‘layer 30 A-51gn1f1cantl

', amount of the low dlelectrlc constant materlal can be
removed ;esultlng in tne bow1ng proflle 42 shown;

'Ppotoiesist is typicaliy striﬁped by a wvet solvent ox

by an oxygen plasma. .Unfortunateiy,Iwet-solvents can

" dttack interfaces. wThéMOXYgen'plasmaj.or}asning, approach - -
is more frequently used to avoid this problem. Oxygen
plasmas do not typically damage silicon dioxide dlelectrlc
layers However, the carbon and hydrogen containing low :
dlelectrlc constant materials are susceptlble to attack by
the oxygen radlcals in the plasma.. The bQW1ng damage

' caused by the'oxygen strip-is not reparable. t *eads to

poor damascene copper fill and to via poisoning problems.

Several prior art approaches disclose methods to form -

interconnecting structures in the_fab;ication of integrated
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i nt erconnecting structures in the fabrication of integrated 4 T.D. DEQ
2004 cir-cui ts.g'U. S. Patent 5, 536, 681. to Janyg et "al discl ose]sP D@ \ZQM
process to.inmprove the gap-'filling capability of 03-TECS. -A selecC o
plasma N2 treatment is perfornmed on a PE-OX layer to reduce, Fhe 03-T N
‘deposi-tion rate- and thereby inprove the gap fill capability. U:S._Paten
5,759,906 to Lou teaches a nethod to inprove.planarization and to b y
'eI|n1nate - via poisoning in a nultiple tevel nmetal process. Atriple ake

S (SOG layer to inprove . .
ngﬁgpfga{ ?Oggﬁ;e% ﬁ” aé; tsg]atetfngl Esﬁﬁsglsgiopé rréar%su es:ylalcdnsgllggss( #iDP- FSG)
Fa er is d 03|ted The DP- ESG | ayer |s .ani sotr.opi cally etched to-form

s?/devvall 888?% of PRFUR ed@\%@l filling eme@nlc:etmfoﬁ Be-TEDP- FIG
S|demall S a e el i nj nates via poisoning. U S-... Patent 5, 985, 762 to

Gef f ken etg ﬁeaﬁg rT}e"s“}f‘ et o8 tment iy AL Loapedr ObaﬂrF’@rOKaljaayenn t he
sidewal I's’ Qf s to_preveni Via poisoning. The barrier material is bulkS
deposi t ed andr?ﬁ aﬂ?gtﬁ’r 3595a@?9°%%%+@6 Zagef @ngh therebydimptove i ner. U

' ra et al- teaches a nmethod to inprove the crack
Fgg?gtaﬁcgzg 626 tglfflégg% ility.” U.s. Patent S5, 759 906 to Lou

teaches a method to improve planarlzatlon and to ellmlnate
via polsonlng-ln_a multlple level metal process . A triple _..
.bake sequence is performed on the spin-on- glass (SOG) layer
'_to lmprove planarlzatlon A hlgh denSLty plasma
‘fluorlnated s;llcon glass (HDP FSG) layer is dep051ted
: lhe HDP~FSG layer is anlsotroplcally etched to form
" sidewall spacers on the via sidewalls. THe p*esence of thehl -
HDP-FSG smdewall spaaers ellmlnates via poiSoning. U.S.
Patent 5,985,762 to Geffken et al discloses a method.to.
form a copper barrier layer on the sioewalls of.vias to
Qretent via poisoning. The barrier material is bulk
deposited and then anlsotroplcally etched to form the
'sidewall linexr. U.S. Patent 5,976,626 to Matsubara et al
' teaches a method to improve the crack resistance and to'
eliminate via poisoning.' Various thermal treatments are

disclosed.




‘elim.nate via poisoning. Various thermal treatnents are disclosed. 5 ] 0"
“DEC 2004 SUMWKRY"CF THE"I NVENTION . A principal object of the p P %Fl 04

i nvention is to provide an éeffective and very manufacturable netho Jp
-form ng damascene interconnects in the manufacture of ° integrated circuits.
A further -object of the present invention is to provide a nethod to. form
-S|ngle and dual .-damascene interconnects where | ow dielectric constant _
material are wused. A‘yet further object of the present invention is to
‘provi de a fethod to strip photoresist after trench etch’ .such that a

si-dewal | ;passivation is forreuMamyl breThBeInvE@Redy Anot her yet anot her
further obJect of the present inventionis to provide a nethod to forma

sidewal | passivation. that protects the-1ow dielectric constant "materials
‘f rom oxygen -pl asma damage. Ant her yet further object of the present

ihvention_is A principal object of the. present invention is to
'prov1de an effectlve and very manufacturable method of .

-

_ formlng damascene 1nterconnects in ‘the manufacture of : T

1ntegrated c1rcu1ts

A further object of the:preeent,iﬁvention is to
provide a method te form sinéie and dual daméecehe:'
rnterconnects wﬁere low dielectric eeﬁstant materials are
used.'-l | | | |

A yet furthef'objeet of the present invention is te
-prov1de a method to strlp photore51st after trench etcﬁ'-

_such that a srdewall passivation is formed to line the

trench.

Another yet another further object of the present
1nventlon is to prov1de a method to form a sidewall -
pa551vatlon that protects the low dielectric constant

materials from oxygen plasma damage.

Another yet further object of the present invention is

'to provide a method to strip photoresist using a sulfur-

e




to prOV|de a nethod to strlp photoresi st using a sulfur 6 1 Q DEC 2004
contai ning gas that simltaneously forms- a sidewall ". passrvatlp WH
accordance with the objects of this invention, a-. new netho 2 ng
a darmascene interconnect in.-the manufacture of'an integrated CIFCUIt
device has been achieved. The damascene interconnect may be a single
damascene or a dual.-damascene. Copper conductors are. provi ded overl ying
-a_sem conductor. substrate. Afirst passivation Iayer-is provi ded overlying..
t he. copper ~ conductors. A low die-lectric constant _layer is deposited:

over l'yi ng tdmthiihshgPassi ¥RE ¢ O hane:; p lcapping, layer is
deposited overlying the IOM/dlelectrﬁgoégngtggggg g-éé %ilphotoresist R

| ayer is depesiivadiemer!ying.the capping layer. The capplng | ayer and the
| ow dielectric constant layer are etched through-to form via-opénings.
The: photore5|st layer is sinultaneously stripped away while . fornmng a -
si-dewal | passivation |ayer on the sidewalls of the via openihgs using a

sul f ur - contai ni mg gaaorégﬁ@gwuithtyﬂg 1y % oi soning .are thereby .
prevent ed. - The. first passivation layer gjggggtégegh%hrtﬁj Hﬁnexﬁose the

new: method of formlng a damascene’ 1nterconnect in the .
'manufacture of an lntegrated Circuit devrce has been

achleved The damascene 1nterconnect may be a 51ngle

g damascene or a dual.. damascene Copper conductors are,

-'DrOV1ded overlylng a semlconductor substrate A;first
pa551vat10n layer is provided overlying the copper :

. conductors A low dlelectrlc COnstant layer is deposzted

overlylng the first pass;vatlon layer. An optlonal cappﬂng

| layer is dep051ted overlvlng tbe low dlelectrlc constant j
:.layer A photore51st layer is de0051ted overlyﬂng the
capplng layer " "The capping layer and the low dlelectrlc'
‘constant layer are etched through- to form via openings.
The- photore51st layer is 51multaneously stripped away whlle
._rormlno.a 51dewall pass1vatlon layer on the 51dewalls of
the via openlngs using a sulfur-containing gas. Sidewall
bowlng and via poisoning are thereby prevented. .The rirst.

pass;vatlon layer is etched tbrough Lo expose the

\ underlying copper conductors. A barrier metal layer is
deposited overlying the first passivation layer and the

underlying copper conductors and lining the via openings. A




underlying copper conductors. A barrier nmetal layer is deposited overlying
the##irst passivation-l-ayer ~and~the underlying copper conduct P @gdzu
1igfng the via openings.- A7 10 DEC 2004 copper |ayer is deposite 04
overlytng t he capping layer and filling the via openings. The copper |ayer
I s-polished. down to:.conplete the damascene interconnects in the
manufacture' of -the,. integrated circuit device.. BRIEF DESCRI PTI ON OF THE
DRAW NGS I n -t he acconpanylng dr awi ‘ngs fornlng a material part of this ’
description, there is shown: Figs. 1 t hrough 3 schematical ly illustrate in

Cross- sectioppea payér aid YdepyaleRle R 0 n @ ERd N rated CIrCUIt devi ce.
'Figs. 4 through 8 schématically |Irdst? ng {hé é§ S efYi®5nand

?epresentaﬁummihbetméeéfgrdytﬁa adi megL Qf e ent |nvent|on applled
‘to the fabrication of a° S|nglemﬁﬁanasceng %?gr%g didt a9gﬁ§h' t hr ough -13

schenat i cakbyni Lbussmipte:d tHY QSg; REC resentation the preferred
enbodi ment of the present. |nventFgﬁeappﬁ#ggg%%ﬁ§§§§§:ﬂﬂl ion of a dual -

danascene maheEEOﬂ@£€tof'the"1ntegrated circuit device.

-BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanylng drawxngs Formlng a material part

_of this descrlptlon, there is shown

"Figs. 1 through 3 schematicelly illustrate in cross-
,section a partially cohpleted prior art*integrated circuif

~

device,

Figs. ¢ through_B sehematicaily illustrate in cross-
- sectional representation the preferred embodiment of the
'present ;nventlon applied to the fabrlcatlon of a 51ngle

damascene interconnect.

Figs. 9 through 13 schematically illustrate in Cross-

sectional representatlon the preFerred embodiment of the
present invention applied to the fabrication of & dual

damascene interconnect.




'8 1 O DEC 2004 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Thi's. embodi nent
-di scloses the -application of ‘the present ''invention to-formnngjdppe g@@ﬂe
interconnects with low. .dielectric constant materials in the fabricat
of an |ntegrated- CIFCUIt device. In partlcular organic material or
-carbon-doped --silicon d|0X|de are preferably ."used as the low dielectric
constant nmaterials. .it “should be clear to those experiencedin the. art
that. the present invention can- be applied and extended, for exanple, to
new, but simlar, - conpounds ‘that are devel oped or applied to sem conduct or
manuf acture.  The preferred enbodi nent describes the . appllcatlon of the
present invention to the formation. of bot h single and - .
dual - damascene- |nterconnects bt should be - clear to those- skllled in the .
‘art that the present i nvention can easily be-applied to various danascene'
schenes. ; The present PFHARRTIN QFuITHEL@REPPRREDN EMBOTIMENTAPP! i Cations where
:photoreS|st nust be stripped froman” |ntegrated Circuit that contalns an
exposed Iow1d|electr|c const ant naterlal | T DEC . 1004
This, embodlment dlscloses the apnllcat1on of the
present 'invention to formlng damascene 1nterconnects w1th
low. dlelectrlc constant materlals in the fabrlcatlon of an )
1ntegrated c1rcu1t dev1ce In partlcular, organlc material
or carbcn-doped 5111con dlox1de are preferably used as the
low dielectric constant materlals it should be clear to
" those experienced in the art that the present lnventlon can-
. be applied and extended, for example, to new, but si mllar
- 14
' compounds that are developed or aPplled to semwconductor
manufacture. The preferred embodlment descrlbes the
applicatlon of the present lnventlon to the formation of
- both szngle and dual damascene interconnects. It should be
'clear to those skilled in the art that the present
invention can easily be applled to various damascene
schemes. The present invention could be applied to many

appllcatlons where photoresist must be stripped from an

1ntegrated c1rcu1t that contalns an exposed low dlelectrlc

constant materlal




: : ;
rring now.particularly to Fig. 4, there IS shown .a. cross-section o

.EEf Sart | gl |y cogpl et ed” i ntegrat ed- ci rcurt -devi ce "of the pr efgrjrgcbgcr ;p@

enbodi ment. A. single danascene via . wll. first be used..to: egng s

t he p‘resent.' invention.' A semiconductor. substrate 50 is provide A o] C a-

sinplify "the' illustration; the sem conductor' substrate 50 is s g}Nﬂ a

single. |ayer.. The base of the sem conduct or - subst r at e= 50, ptefgga y

conpr.ises nonocrystalline silicon. The .sem conductor substrate t ngg

additionally 'corrgrl se any of . the several additional nicroelec ron|t

| ayers, such asRNCEBRBLRY RRY. I%Fé'-rl§ullanélyl hngagoerucangHt | v? lﬂsgggbwgggegew .

- such as vids, contact hol es an con

2% ; 32% ﬂ; gi Crogenssst iR @elaecﬁ%%ééélandomdbpeddj immégw&e&&paemegndu;:t gas

‘54 are formed overlying-the sem conductor substrate 50 I s understo

that typi CEVEGeaRT| FatI RIS FRF esy embodhineht | s A 0d isdiswdansadediesopar at the
copper condyctors 54 fromthe seni conductor ‘substrate 50. The I nsul ati ng
| ayer may ﬁdgﬁt Fohaf 15 %ﬁﬁ?prtt%éleawbatraee tiee gprésyrey iatverRM oall Ya

derstood that the copper-:
conprisé-a_ barrier metal l'ayer. It.is also un
' cgﬁductor§e§ﬁ°ﬁﬁ9u?ﬁ9{nﬁ%biﬂ1&§edéﬁlldanaevﬁﬂedor T ngingp1 idgTRECENE
|nterconnec& structure, which is. not shown.. The
ustratlon, the semlconductor substrate 50 is shown as a
s*ngle layer The base of ‘the semiconductor substrate 50 -
preferably comprises monocrystalllne 51llcon The
.semlconductor substrate 50 may additionally comprise any of
the several addltlonal mlcroelectronlcs layers, such as
- conductive layers and insulator layers, lnterconneCe' -

structures. such as vias, contact holes, and. conductlve

llnes, and dev;ce structures, such as gate electrodes and

-

"_doped Junctions.

Copper conductors 54 are formed overlying the
semiconductor substrate 50. It is understood that

typically an insulating layer, which is not shown, would

separate the copper conductors 54 from the semiconductor
substrate 50. The insulating laye* may additionally

comprise a barrier metal layer or may only comprlse a

barrler metal layer It is also understood that the copper

qonductors 54 may be part of a dual damascene or single

damascene interconnect structure, which is not shown. The




A ... | I'" DEC copper conductors 54 may be formed in any of the )
&gomﬁcgﬁeihodS“'“For”exanplgp a coppet~tayer 54 i deposited- by,P.Dgqu@pce
of physical vapor deposition (PVD), electroplating, and chenica
rechan I IPshln (.Cw) The copper layer . 54 - is then pattérned
o ebog e d c?ors A first passivation Iayer 58 is deposited.'
forn1copperh “eo uer cohductors 54. The* purpose o0'f the first passivation
PRSI TLR: ? Copgvent out diffusion of copper fromthe. copper conductors
st o overd e ectrigc, mteri-als. The first. passivation layer 58 .
ISDfe:‘ 2& gbloy%{: eri}?gggdgc'f?ﬁ%né:% Y & tfﬁéf“epsiaei)fb%iqlgcth% Kﬁlowm]hl ckneéss of -
Alternative.first. -
bet ueer- eg iR, égﬂa%@%ef Y B Saves h Stesonn o si | con
passi vat i of L Mat eri al's- Corp. .Sili-con carbide, and boron
-gryp:gglde eﬂF %8 8€/ﬁ€p W?HﬁﬁmgﬁéﬁﬁlFa9§r(E@Dhe dep05|ted overlying
the first %3%%|vatiopllayer<§8 The purpose of -

AT s bad b

trop ng; chemlcal mechanlcal polishing (CMP)
The copper layer 54 is then patterned to form copper 3
-lconductors. A flrst passivatlon layer 58 is deposlted
Hoverlying the copper conductors 54. The purpose of the
'flrst pa851vatlon layer 58 is to, prevent out - dlfoSlon of
";copper from. the copper conductors 54 into overlylng
dlelectrlc materials. The flrst passivation layer 58
,preferably comprlses 51llcon nltrlde that is deposwted to: a.
thickness of between. about 500 Angstroms and 5,000
Angstroms Alternatlve flrst.passivation.layer S8 naterials'
“-include; but- are not restrlcted to, silicon oxynltrlde,

BLok by Applied Materials. Corp ’ 5111con carblde, and boron

nitride.

" A flrst low dlelectrlc constant layer 62 15 deposited
overlying the first passivation layer 58. The purpose of
the first low. di electrlc constant layer 62 is to provide a

dielectric barrier for the subsequently formed single

'damascene interconnects. 1In addition, by using a material
with a low dielectric constant, the capacitance loading and

coupling problems can be minimized. The first low

. R oo 1 T S T T S TNV AV K S




B

first low dielectric constant layer 62 is to providée a diefet
jier for. the subsequently forned S|ngle damascene interconnects.
jgition, by using a material wth a'low dielectric constant, the {{ 0 DEC 2004
cap@0|tance | oadi ng and coupling problens can be m nim zed. The first | ow
11.:1 0 DEC 2004 dielectric constant |ayer 62 preferably conprises organic
mat e¢ri al, carbon-doped silicon dioxide, or hydrogen-doped silicon dioxide.
Al ternatively, undoped silicon dioxide or fluorinated silicon dioxide may
~be;ised. Mat edi@ledHRes I r these descriptions and that could
' bsed to formthe fi fts)?g#ang g]'aeyeécggl Brefemakint doapetsé2 didyde, but

not | mnekdiQl, PeLPYS,O (%%plc gaterlals non- por ous organi c

materials, porous f1dori nat e é%ﬁﬁ ﬁﬁﬂe¢i@ﬁ¥ﬁe,nom-hpagbgénjadﬂgglnated

ed silicon dioxide, non-porous

organi ¢ mat erdializonPQE KE4dY drqqen- do
hydr ogen- doped silicon d%%%lde SSPBESVe%bﬁbbﬂkm@uedlsi¢¢ﬂxald¥laélg g, and
Specific materials include, but

non- por ous caleridaped on.di oxi de
.arg not limted io: polifxfﬁqéne ¥t PRy b MNENIbyﬂkwéﬁﬂha”k9ﬁksc¥ﬁék

ol _' e p ti on
fall e

fi
rst low dielectric constant layer 62 include, but a
' re not
limit :
ed to: porous organic materials, non-porous organi
o)

materials, porou
S fluorinated
organlc materials
» NON-porous

fl
uorinated organic materlals, porous hydrogen—doped 113
silicon
dioxid -
€, non-porous hydrogen—doped silicon dioxide porous
. ' ’
ca - 11] loxide
rbon-doped silicon dioxide, and non-porous carbon-doped
~dope

sili i i 1fi
licon dioxide. Specific materials include, but are not

limited to: poly(arlene) ether or SiLK™ by Dow Chemic 1c
al Corp.,

fluorinated arylether or FLARE™ by Allied Signal co

Ip. or
Honeywell Corp., amorphous fluorocarbon (a~C:F)
. . r

polytetrafluoroethylene (PTFE™) op Teflon“‘by Dupont ¢
' orp.,

p r
] F ] ]] J ] ] ] ]
a Y ene 4 p319 enel a } S1 sequloxanel aI& S1 sesquloxanel

5;T . Oly ) l e e
ﬁ_ p ( l azan )I pOlb(arylene) ther[ Slllca doped Wlth methane (o}
5 r

BlaCk D QO d by Applled Mate (o) 1
lam n rlals Corp-, Carbon.d ped Sll c
‘ on
f ledee y o) uo d (o] y Iy e
Qr COIal b NOUellus C rp-, fl _rlnate p l (a l ne)

etheI’ and hydrogen SllseSQUloxane Ihe flISt lOW dleleCtrlc

coatln |
g may be followed by aging or by a thermal treatment in a

|
N furnace or in rapid
| . P thermal annealing (RTA) equipment. The first
| .
| 12 | |




fluorinated aryl ether or FLARETM by Allied Signal Corp. or Honeywell

Corp., anorphous fluorocarbon ((x-CF), polytetrafluoroethylequQﬂﬁfgﬁ@?
or Teflon TNJ by Dupont Corp., parylene-F, parylene, alkyl silsesq ne,

aryl 'sil sesqui oxane, poly(silazane), poly(arylene)ether, silica doped with
nmet hane or Bl ack D anondTM by Applied Materials Corp., carbon doped
silicon dioxide or Coral TM by Novel lus Corp., fluorinated poly(aryl ene)

et her, and hydrogen silsesqui oxane. The first |low dielectric constant

| ayer 62 may be deposited by spin coating. The sgin coapin% may be

fol | oned! Y HRLFGLEE ChGORS kAT Fayerr b4t hemrafgrably derasdted tA fapid

t hermal anpeali ng RTA% equi pnent. The first 12 1o DEC 2004 |low dielectric
const ant tRifkesE2 of sPFweet AN tdepBaP tAnptEFonst AR kHYW G AnEEEHRBH- about
2,000 Angstroms and 10,000 Angstroms. An etch stop |layer. 66 is deposited
overlying the first Iow dielectric constant |ayer 62. The etch stop |ayer
66 is optional to the essential nethod of the present invention. The etch
stop | ayer 66 £tRBt SheResA¥RY &0 iehdepotnd oNeslyime the fdretdamascene

i nterconnect, however, the dual damascene trench etching nethod of the

pr ef er r elPRGHEFERL CUSRRS $ s 18eR 63t o9 &Feh 85OP oLIvRH 166t ABe creation

of the upper level,.or interconnect, trenches. The etch stop Iager 66 may
ConpriSe?ptlonal to the essential method of the present invention. The

etch stop layer 66 is not necessary to the formation of the
single damascene interconnect, however, the dual damascene
t;ench etching method of the preferred embodiment uses this etch
stop layer 66 to facilitate creation of the upper level,.or
interconnect, trepches. The etch stop layer 66 may comprise,
but is not limited to, silicon nitride, silicon oxynitride,
copper barrier low k film or Blok™ by Applied Materials Coxp.,
silicon carbide, or boron nitride. The etch stop layer 66
preferably comprises silicon nitride that is deposited by CVD.
.The etch stop layer 66 is deposited to a thickness of between

about 500 Angstroms and ‘5,000 Angstroms.

A second loﬁ dielectric constant layer 70 is deposited
'overlying-the etch stop layer 66. The purpose of the second low
dielectric constant layer 70 is to provide a dielectric barrier
for the subsequently formed single damascene interconnects. As
with the first low dielectric constant layer 62, capacitance
'loading_and_coupling problems are minimized.by thé material. 1In

13




but is'not limted to, silicon nitride, silicon oxynitride, copper barrier
low k fil mor BlokTM by Applied Materials Corp., silicon C'arbi1d€,q%;2ﬁ ron
nitride. The etch stop layer 66 preferably conprises silicon nitrluefat
I's deposited by CVD. The etch stop layer 66 is deposited to a thickness of
bet ween about 500 Angstromns-and-5,.000 Angstrons. A second |ow dielectric
constant layer 70 is deposited overlying the etch stop |ayer 66. The
purpose of the second low dielectric constant layer 70 is to provide a
dielectrjc barrier .for the subsequently fornmed single damascene

i nt er conhRRtEOTmaL iog; ph e Findde fevplreiedntescenrettanttheaypecosd,
capaci tapce .| oadi ng and cquILng problens are minimzed by the material.
In 13 1 tODEEelEsEaIct havehrifatSoRObf NeFRS ALYl Bheapeekicthd ovnt er connect ,
the second low dielectric |ayer 70 is not necessary. The second | ow

di el ect r FEEISFHSAIENCOPATRRT AR YSEef 8r BE? {e T3y COBRI b @uRRIanist er i al |,

carbonfdbged silicon dioxide, or hydrogen-doped silicon dioxide.

| 3 L] .
Al t er nat P52 lun G3pRANs¢9Reh 7 1di 6D diepiden| @ar hrdreaensidapedn di oxi de may
be used. Materials types that fall under these description and that could

be used PHIFRMAERELAGecIMtarBRtdVEL Bt HIdORSEN SLAREOD FiaxiB@ Prcl ude, but

are not _|imted to:,?prous organic materials, non-porous organic
fluorinated silicon dioxide may be used. Materials types that

fall under these description and that could be used to form the
. second low dielectric constant laygr 70 include, but are not
-limited to: porous organic materials, non-porous organic
materials, porous fluorinated organic materials, non-porous
fluorinated organic materials, porous hydrogen-doped silicon
dioxide, non-porous hydrogen-doped silicon.dioxide, porous
carbon-doped silicon dioxide, and non-porous carbon-doped
silicon dioxide. Specific materials include, but are not
limited to: poly(arlene) ether or SiLK™ by Dow Chemical Corp.,
‘fluorinated arylether or FLARE™ by Allied Signal Corp. or
Honeywell Corp., amorphous fluorocarbon (o-C:F),
polytetrafluoroethylene (PTFE) or Teflon™ by Dupont Corp.,
‘parylene-F, parylene, alkyl silsesquioxaﬁe, aryl silsesquioxaﬁe,
- pely(silazane), poly(arylene)ether, silica doped with methane or
Black Diamond™ by Applied Materials Corp., carbon doped silicon
dioxide or Coral™ by Novellus Corp., fluorinated poly{arylene)
ether, and hydrogen silsesquioxane. The second low dielectric

constant layer

14




TmETErtars;TTporous fruori natred organi ¢ nat€ritars; non-porous fllorinated "
.organi c -materi al s,--por ous- hydr egen- doped si licon- -dioxi de;- -non 4P rQE§;2

~hydr ogen-doped silicon dioxide, porous carbon-doped silicon d|o @Hu
nen- por ous car bon-doped silicon dioxide. Specific materials include,  but-
are not limted. to: poly(arlene) ether or SiLKTM by Dow Chem cal Corp.,
fluori.nated aryl ether or FLARETM by Allied Signal Cor.p. or Honeywell. .
Corp., anorphous fluorocarbon (a-C F) pol yt et raf | uor oet hyl ene (PTFE) or - )
‘Tefl:onTM b ont Corp. paryl ene-F, parylene., alkyl silsesquioxane, . i
aryl silse d?%ké?‘?edepﬁéﬁregl PYzsRE) C%ﬂiﬂﬂ@ar fl'lhéné)"étlhEPatlew doped with
met hane or, Bl ack D anondTM by Applied Materials Corp., carbon.doped
silicon d?%x#?k}QﬂerGWaP?NPBy°FbQ%I?LEﬁQEﬂﬁ} tfPPG@PPﬁatedapbmymenqwene)
_ether, and hydrogen S|Isequ|oxane The second l.ow dielectric. constant-
layer 14 1°% EEG? PDghAhn erma?oaﬁﬁsal%ﬁgd@Hﬁﬁlﬁ@@lbwe§§|nTanﬁeﬁgndThe spi n
coating . may -be_fol | owed by aging.or by a thermal. treatnent in a furnace.
or..in rap oW (HeF IR TR ERRS gngRﬁﬁye%qlﬁFﬂﬁﬂﬂfefﬁﬁebéacdﬁyositmd to
dlelectrlc constant layer 70 is preferably deposited to a thickness of.
betmeen abduth %Fkﬂﬁ?ﬁAﬁﬁspﬁéwﬁeanabQEK(ﬂuﬁoo Amg§¢mom§ ‘and .10, 000,

Angstroms

A capping. layer 74 is depOSlted overlylng the second
low dlelectrlc constant layer 70 This capping layer is
optlonal te the_eesentlal features of the present
inyention. If.esed,.the capping'ia?er 74 may serve two

-phrposes-in'the embodiment . rJ.rsx'., the capplng laye* 74
protects.the second low dielectric constant laye* 70 from
“contamination; particularly-from. copper, during”the
' processing sequence. Second, the capping layer 74 may be
used as a pollshlng stop durlng the pollsh down of the
copper layer. The capping laver 74 preferably comprises
: silicon h;tride;_silicon oxynitride, or silicon carbide
"that has beeﬁ'deposited by CVD to a thiqkheeg of between

about 500 Angstroms and 5,000 Angstroms.

A§ animportant "featureé,” an ‘organic photoresist layer
78 is deposited overlying the capping layer 74. An

optional organic bottom enti-reflective coating (BARC) may

15




A capping, layer 74 is. deposited overlying the second |ow dielectric §
‘constarnt layer 70: This capping |layer-is .. opticonal to Fhe-es?eewgaf ' ok
features of the present invention. |f.used, the capping |ayer 74 ;mwbe, :
two -purposes in the enbodiiment. First, the capping |ayer 74 protects the
second | ow dielectric constant |layer 70 from contani nation, particularly
from copper, during .the processing sequence. Second;, the capping |ayer 74
‘may be used as a polishing stop during the polish down of the . copper

| ayer. -The_c¢apping. |l ayer 74 preferably conprises _-silicon nitride,.silicon
oxynitride?ggg %?L?%Q) ?%ﬂtﬂﬂh? REPIRSSShekYerclotitldd ey CVD to a
thickness_B%t@ Lyeen q%out.SOO}An&strons and 5,000 Angstroms. As an -
iTportant *PEAfire Hh Fgurf &5tio GFelhetviagRr tapncdhiegepoIheed overlying

t he cappin r 74. An _opiional organic bottomanti-reflective coating
( BARC) na,ygEé@gEe?%?;’ichﬁtﬁf4p}4al“§‘8 GETRPAEE et THe Hivtsavesiadt 1ighsr 78 wil |

be-patxefnggngg fgrn1'a mas 'fﬁﬂé the" vias or- trenches. The photoresist
| ayer 74 Ry comprTsEBHEHTS (18 s BF8r SPURPREY usetknidl ttihee ag8apounds t hat
are _commonly used 'in the art.. 'Referri.-ng nowto Fig. 5, another inportant.
feature is : - ' BV
' " . Referring npw to Fig. 5, another-impo:tant feaﬁuie is
illustrated. The photoresist layer. 78 is-pattérnéd to form
. openings where vias or trenches are'planned forlthe singie
__damasceng interconnects. The ﬁhotdresist layer 78 may-bé
.patterned qsing a typical'phbtolithographic process where
it is exposed ta light through a mask. A developing

- process _remox}‘es the undesired photoresist layer .78 to

expose the_capping layer 74, or ‘the optional BARC layer,

v -~ -where the vias or-trenches are planned.

‘?he 6ptioﬁal'BARC layer, .the optional capping layer
‘14, the second low dielectri§ constant. layer 70, the
bptidnal etch stop layer 66, and the first low dielectric
'éthtHnt'layér 62 are etchéd through to fbrﬁ'tﬁé.vias or
trepches. This etching ' is performed using an anisotropic

Plasma-assisted dry etch. Note that the etch is stopped at

SO . R S R .
the Tirst passivation layer 58. By stopping the etch at
the first passivation layer 58, the copper conductors 54

are not ye; exposed. This is an important feature of the

16




illustrated. The photoresist layer 78 is patterned to formi openi ngs where
vi as' ortrenchesare- pl-anned for the single- danascene"intercoqqﬁ ﬁﬂe
-phot oresi st layer 78- na -be patterned using a typical photoli't ggi%g C
process where it is exposed to light through a mask. A. developing . '
process renoves the undesired photoresist |ayer 78 to "expose the capping
l'ayer 74, or the optional BARC | ayer:, where the vias or trenches are .

pl anned. : The optional BARC | ayer,.the -optional capping |ayer 74, the
second |l ow diel ectric constant' {ayer 70, the optional etch stop |ayer 66,
and the fiPXRsSqw idivensérni becaonsitin doprer. f@teaielebthede tdwmpgh to form
the vias or trenches.. This etching-is perforned using an ani-sotropic- '
pl asma- assFRABFRTF Sichempbne encapshiatard iy shet dppet péssheatiarst ,
‘passzvation | ayer ‘58. By.-stopping the etch at the first passivation |ayer
58, the copp®f &hdudhésspsavents crppertowxedsddsithi snts Bheilport ant
feature of the 16 1 0 DEC 2004 'present~inventi on because the copper-.

mat eri al . d¥ekertdepsonsteohduetersakst remi ns encapsul ated by the first .
passi vation |ayer 58. This .prevents copper out-diffusion into the | ow
-djelectrigacohstant material s: " : : -

‘Referring now to Fig. 6, an importaﬂt-aspéct of the
Present ihvenf;bn is described. The:photoreéist layer 78"
is. stripped away while a first sidewall passivationﬂléyer |

.82 is formed on the sidewalls of the vias or,trénches.”

As a uniqge féatu;e of the présént invention, a
“suifur—containing.gas is_usedlin pléée of the oxygéﬁ.plasma
to §tri§_away-the phoﬁoresisf layér 78_ana the optional
LSrgadié"BARC layér; This sulfur-containing éasifeééié;%ifh
the fir;t anq second low dielectric Canstant layers 62 and
70. The feaction 6f.the sulfur-containing gas with the
organic or cgrboh~doped materials results in a sulfating or
.‘sulfonating action. The result of the.reaction is the

formation of a sulfur-containing sidewall passivation layér
82 on the sidewalls of the.low dielectric constant lavers

62 and 70.

The bowing problem, encountered in the priof art

example, is prevented in the present invention. The




‘Referring now -to Fig. 6, an inportant-aspect. of the present invention is
described. The photoresist”|ayer 78.- is. stripped away MhFIE'qviqyﬁg
-sidewal [ passivation |layer . 82 is formed on the sidewalls of th ' gmﬁr
trenches. - ‘As a unique feature of the present invention, a '
sul fur-containing. gas is. used in place. of the oxygen plasma to strip
away-t he photoresist 'layer 78. and the optional organic BARC | ayer. This
sul fur-containing as reacts with the first and second | ow dielectric .
constantalgyers-GZ,and . 70. The reaction of the sulfur-containing gas with
the or gani T b0 R G- LF6PeAInREREL 18 sy araiintaingda sTnf addhtian,
~sul fanating action. The result of the reaction is the formation of a
sul f ur - cont’aT i ‘ho" S FEREPANARIsPIAeY DN IRARSIvagiopnlamersedepan | s of the
-l ow dielectric constant layers. .62 and 70. - The bow ng problem encountered
in the pribr2RrtOPR8G MRS, MRY B eteirased Muniagptbecatbsegeent mtciThe 17
10 DEC 2004f . anisotropic etching profile is maintained. In.addition, the
sul fur cont2FMHHY A FdFalfi rphsBasyaratien dyaer838canThisaprevapes that nay
be rel eased during the subsequent etch through of the first passivation
| ayet 58.. q?ﬁgpﬁwéiﬁgﬂﬁ§pn.lnto the low dielectric constant layers 62

and 70. Finally, via poisoning problems are prevented by

the presence of the. sidewall bassivation.layer 82.

o The_sglfur-containing gés may_belaﬁplied'ﬁsing plasma
to etch the phqto;esisf. The plasma is generated in-a.
reaction qhamber at a temperatﬁfe.of between about 20
) degreés C and 300 degrées C-ahd;a pressure of Beeren ahout
_0.01 Tqrr and 20 Torrf Microwave or RF power is
~ capacitively coupled to the ﬁlaéma'at.an-enerdy of between

"about-lOO'Watts and 5,000 Watts.

Alternatively, the sulfu;—containing gas can be
- .applied without plasma. The .etching temperature is between
about 20 degrees C and 300 degrees C. The pressure is

maintained at between about 0.1 Torr and 760_Torf.

The sulfur-containing gas comprises sulfur dioxide
(S02) , sulfur trioxide (SO3), or a mixture of sulfur dioxi&e

and sulfur trioxide. The sidewall passivation layer 82

18




copper diffusion. into the low dielectric constant |ayers 62 and 70.
Finatty, via poisoning probl ens -are prevented-by ~the presencegqjiggfzmﬁ
sidewal | passivation layer 8.2. The sul fur-containing gas may

using plasma to etch the photoresist. The plasm |s_generated“|n a
reaction chanber at-a tenperature of between about 20 degrees'C and 300
degrees C and a.pressure of between about 0.01 Torr and 20 Torr. M crowave
or RF power is capacitively coupled to the plasma at an energy of between.

about 100. ¥éth&d anfl the 300 8L hg. ofl ;ﬁﬁ@,&aefﬁlgvmetaf&m&{' hyg-gontaining gas

cah be - applied without plasma: "The-etching tenperature IS between about

20 degr eestfi @tV 9@k 688nCandhE B BSSU SordS an@'l%bahﬂggﬁ%& pRet ween

about.. 0. 1 Torr and 760 Torr. The su fur-contalnln rirses sul fur

- di oxi de égﬁﬁéﬂidQ@hQFbgefggyg) nO's ﬁ%y tu%%fgav%géfur d|0X|de and

sul-fur tr|OX|dpr The sidewal I passi vaton B20b3Y%T . formed

I has t hi ckn of betme n about 5
gﬁgngoﬁg 5%;%9%%%F ngs#%gﬁshgg %gﬁééggg% rle§ﬁ|Wﬁ¥eﬁoFﬁ§rPﬂﬁhs? ewal | _

passi-vatiopplayeloant | 1nventron forms the advantageous srdewall

pa551varlon layer 82 w1thout any addltlonal processrng

-

steps.

As a further alternatlve, oxygen gas may be added to-
'the sulfur= contalnlng gas in the same reaction chamber
conditions, with or without plasma-generation. In this

case, the ratio of the flow rate of'éxygen to the flow_rate

of .the sulfur-containing gas is between about 1:1000 and

U S U

Yet adnother alternative is to sequentially etch, first
with the sulfurfcontéining gas, then with oxygen plasmar
In this élternétive, the sulfur-containing gas radicals
passivate the sidewalls of the dielertric layers 70 'and 62
and partially strip the photoresist layer 78 and the BARC
layer. The passivatioﬁ layer 82, thus formed, prevents the
'-“”;"mw"mmpxygenmptasmamradicals frdm'atfackiﬁg“tﬁé“fif§%"éﬁa'Eébbﬁd ' T

low-dielectric constant layers 62 and 70.




82 at a relatively low tenperature. -The novel approach of the present
inveriti'on fornms the advantageous sidewall. passivation layer 8&-m@$¢ h
any additional processing . steps. As a further alternative, 0 gg 3& 4
may be added.to. the-sulfur-containing gas in the same reaction chanber
conditions, with or- without plasma generation. In this case, the ratio of
the flowrate .of oxygen to the flowrate of the sulfur-containing gas is
bet ween about 1:1000-and. Yet Another alternative i-s to sequentially etch,

first. wth therefésf g Hohicd @g_ggag, mgnf_l_'_stth po% %\g&lglggs @i’g#n this
S | *

al ternative, the sulfur-containing ga$ radica t dewal I s of

the diel ectsi ¢s | e@hed. 193620, riial ly:strip the photo-resist |ayer
78 and the BARC layer. The pasglgggfgg #g§e$a§ﬁfl%ﬁﬁﬁqu8Eﬁ€dq.prevents t he

oxygen pl aggRauEgh sy fr A ntt Lagki he firs and second |owdielectric
constant |ayers 62 and 70. f%nbl.tggDEgglii)ﬁi PRI i F§™SoREt 8hRig. 7, the.

[17st paoseugbtehd AYey RSB CHRIpnl ST 00 xR0z e, wpdr Vim0
o ' the_s;dewalié_ahd‘the top of the capping layer 7;5 I the
: .prio%.art,_the”copper ionézwoulé typicglly diffuse into:tﬁé
llow dielectric constant Iayers'62.and 70. 1In the'present: |
' inven;ién;'howeygrﬁ'the presenceloflthe.sidewall
_ . passivation laye; 82 p;eveﬁts coppe%,éiffusionlby-trapping

the copper ions.

.Referr}ng now to Fig. 8, the single daﬁas;ené
- interconnects are cdmpletea. A barrier metal léyer 88 is
be deposited overlying the sidewall'passivatidn layer’Sé
énd the copper conductors 54 and filling the freﬂcﬁes! A
- copper layer 90.is fhen-deposited oveflying the barrief

flaye; 88 and filling the via Or trench openings. The

. ba;fiér metal layer,comprises, for example, tantalum

: ﬁitride, titanium nitride; tungsten nitride, or:tantéium.
The copper layer 90 may be_deposited by a pﬁysical vaéor

deposition (PVD), a'chemical vapor"deposition {(CVD), or b&

a"platiniy process. The copper layer is then polished down
to the t?p surface of the capping layer 74 to completé the

‘single damascene interconnects in the manufacture of the




copper may
sidewal | s
t he" copper
| ayers 62
the sidewa
.t he copper.
1 At erconne
overlyi ng:
and fillin
the barrie
barrier
nitrjde, 't
deposi t ed
deposition
down tot
damascene
integrated

be- sputtered 86 onto. the passivation |layer 82 on the
and the top of the capping layer 74. In the wprior
ions would typically-diffuse into the' | ow di el ecttj %D&(f‘ngg@nt
and 70. In the present. ' invention, 'however,, the.presence of
|| passivation | ayer 82 prevents copper. dlffu5|on by trapping
lons. . Referring nowto Fig. 8, the single danascene
cts are conpleted. A barrier netal | ayer 88 is be deposited

ERCIRY ti;on | aye and the copper conductors 54
%H?ﬁgkgeend% } d%dﬁ & | Q%rp §Q$QQu99“@e§6§F?é§ overlying
a 88 and 111 ng the via or trench openings. The _ _
?aP {jaé\g pr"'toehﬁr |°§’§§11°F‘8 mecRAR} el thpddaihdmg HCMPI de, titanium
gngggen “nitride, éantalunl The copper lLayer 90 may be
v a physi gﬁﬁﬁipg 8YBEi { f oFRYRD)3s & Gieddisbahgvapop. :
(CVD), or by .a plating proces: . Thecopper |layer is then, pollshed
he top surface of the' capping Iayer 74 to conplete‘the S|ngJe

intergggnects in the manufacture of the 20 1. 0 ‘DEC 2004
circ ’Efe‘\ﬂ%éwaﬁ@ Bépi shi n‘gh%imqﬁraceswentlon ‘is

-~ applied to .the creatlon of’ a dual damascene 1nterconneCt

:In thls case, the etched openlng of Flgs 5 and 6 would

comprlse the via opening. Contlnulng the process- after the

:strlpplng and sxdewall passivation step shown in cross—.

-sectlon of. Flg 6, a second photore51st layer 94 is

deposxted overlylng the optlonal capping layer 74. BAn

'.optlonal BARC layer may be depos;ted overlying the second

'photoresrst layer 94. The second photoresrst layer 94 is

‘patterned to form openlngs for the lnterconnect trenches

" The second photore51st layer may be patterned using a.

typical photolithographic_process where it is exposed to

'.light through a mask. A developlng process removes the

undesrred second photoresrst layer 94 to expose the capplng

"layer 74, or the optlonal BARC layer, where the trenches

are planned.

Referrlng now to Flg 10 the optronal BARC layer, the
optional capping layer 74 “and the second low dielectric

constant layer 70 are etched through to form the

2]




woul d conprise a.chenical nechani cal pol i shing (CMWP) _process. The cappi ng
l-ayer 74 serves as a polishing stop. -Referring.--now. to. Fig’ DEtChiﬂU’l
present invention--is applied to-the creation o'a dual danasce €
interconnect.. In this case, .the etched opening of .Figs. 5 and 6 would
conprise the via opening. Continuing the process after the. strippi.ng and
si dewal | passivation step shown in cross- section of. Fig. 6, a-second
bhotoreSist layer 94 is deposited overlying the optional capping |ayer 74.

An - opt | ongiteR¥AnledxCE rEAYRE UMPOS IRt 10el EVB@?{.EQI% e‘gg)ﬂ,?%r&hot or esi st

P InaRg.

| ayer 94. The second phot oresi st Iayer 94(£sﬁ erne n1open|ngs
for the i ndeysuiRalc,t peASASSass i ot of.esi.s y. :
.patterned urgfl ng a :cyp:bgagaph%?% phl% proféggs \%\5%? a?? rTB\éd'bxposed to.

.light thr % | S dg8ND t undes d second
plhgt_or esi g‘?grsa? 4a{c'g‘tg§p§g§tﬂ’t capé'% 8- ayBFr74Qh%ru?‘F\e°%p"ﬁ}eonal BARC

QY he -
1 ayer, i1 try h a ferrln now to:Fi g. - 10, -t
. opti onal eg,&%d'({}%&er %%f‘hg%%pgg%%ﬁfwa%ﬁﬂg‘?a&?é[] t 1f§ﬁdf?m%§blrﬂfol ([))\I/EVC
orm
ooy 2C 1 Cae BN o BBRn L0 A SN GR NN chE LU A0R 2L L

fstructure.

'-ﬁeferring noQ to Fig. 11, én impértant aspect of the
present iﬁvention is described...The photoresist'léyer %4
-is strippedﬁaway'while a second sidewall péésivation'layer
.SE'iS formed on tﬁe sidewalls:of the ihtergonnect trench.
The photpre$ist la};er 84 is stz"i.i:'ape.d_ ‘usi'ng a’ ;sul.fur—

containing gas.

This sulfu;-céntaining-gas reacts primafily_withfthe-”
nbwhexposed seéond low dielectric constant layer 70. .The
_ reactlon of the sulfur~ contalnlng gas with the organlc or’
carbon-doped materials ‘results. 1n a sulfatlng or
'sulfonatlng action. The result of the reaction is the =~
formation of a second szdewall pa551vatlon layer 98 on the

51dewalls of the second low dielectric constant layer 70

The sulfur—containipg gas may be applied dsing plasma

to etch the second photoresist layer 94. This.plasma would
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'jrconnect trench. This.
Sma- assi st éd dry ‘et ch:—Note- 't hat -t-he=etgh, .
X | ayer 66.

facnlltates eaS|er formation of

in|the dual.
the present

aspect of.

s <tr|pped away whil e a-second sidewal |
f he sidewal | s of 'the interconnect trench.

s stopped at the etch

Here. the use of-the optional etch stop Tayer 66. :
separate interconnect and' via. Ievl:lusDEC Zﬂﬂl}
11, an inportant’

invention is described. The photoreS|st | ayer 94
passivation layer 98 is formed on

The photoresist layer-94 is

damasceno. structure. Referring nowto Fig.

ntai ning gas. This sulfur-containing gas reacts

stri pped using Besé‘exftér&t dce)
Xpodedegetdnd tnmmglﬁtarle const ant | ayer '70.
6 5' y ‘

cprijrarily with the’

reaction oge{m§ quur contai ni'ng gas-with.the orgaﬁ

The

carbon:- doped mat er| a? rbé’é’d"l 29 Pﬁgaesaltaam@mw Q@#éf %na act i on. The-

result of the.rga diQn s the formati on of a seco Sld BaB§¢%$uﬁ€m

layer 98 on the . &éﬁ§P|§ Bitt AeO% eTond drv j elggtrig.constant |ayer 70.
L6TRYRVE t ¢ lﬁecond

~ Thej sul fur-cont ing.gas may be applied using plasra
'ph@t oresi st fd%g 1s 2004

| a TﬁﬁgastaswelywnﬂublééZE% thEglasma at aﬁienergy f
o

. between about 100 Watts and 5,000 Watts

- Alt
ernatlvely, the sulfur contalnlng gas can b
e

applled w1tho
ut. plasma ‘The etching temperature is. betw
een

“about
20 degrees ¢ and 300 degrees C. The pres
sure is

Or a mixture of sulfur dioxide

. and.sulfur trjox
: < ide: The secend
Sidewall passivati
tion layer

98 formed b
Yy the Sulfating or sulfonatlng reactlon h
as a

thlckness of betw
een about 5 Angstro
ms and 100 Angstroms

The pPresent i
nventlon forms th
e second 81dewa11
Pa551vatlon

approach of the pre
Sent lnventlon fo
Ims the advanta
geous

Proce551ng _Steps:

AS - kS yg g y
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be generated in a reaction chanber at a tenperature of between about 20
“degrEGS“C'and”SOO“degreeS"(Fand-a"pressuremzofmbetmeen-about-01Q?[ﬁggﬁgﬁpd-“
20 Tor-n: M crowave or RF power is capacitively coupled to the plas an
.energy of . between about 100 Watts and 5, 000-Watts. Alternatively, the

sul fur-containing gas can be applied wthout plasma. The etching
tenperature is-between about 20 degrees C-and 300 degrees C. The pressure
is. maintained at between about 0.1 Torr and 760 Torr. The '

“sul fur-containing gas conprises sulfur dioxide- (SQ2) , sulfur trioxide
(S03)- , - or canBi&iswe, Qfi syl dihaxikdeq 5 - Wtrioxide, .The second

si dewal | -passi vati oﬁ-_ Icwalyt?r% Of#;gl?grgr%dﬁb?/ t%eé%ﬂu%% J'|°rrfg' g?"-gmfonati ng
reacti on hagsa, L ckNess. t t. strqns,and .100 Angstrons.
.The present | n.ve%?% on"f?rr?gtth% \gggg-nggegi%gv\éﬂ?gepna%sﬁ \Fg‘telé v 5?8?._98 at a
rel ativelygko eny 1 .. Ehe-.no roach of .th r t invention
forns the nggﬁ%aﬁ%@%@%ﬁg‘ glgdé\%egal ?gB%%%YWiaﬁ?ﬁagéﬁﬁggﬁp hout any .
-addi tional ;.processing steps: As a further alternative, oxygen gas may be-
added to the sulfur-containing gas in.the same reaction chanber 23 9.0
DEC' 2004. ... - ' T R : '

¥ét anotherlaitéfnative is to-sequéntially etch, first , R
Qith'the sglfu;—containing gas, and then with oxygen |
| blasﬁa- In this altefnative, the sulfur—cOntaining gas
':;adicals passivate the sidewalls of the dielectriéllayer 50_
' to form thé-second passivation layer 98 while partially
stribping the sécond photbresist.layer 94fand.the optional
. BARC layer. The second passivation layer 98, along with
. thé'previously formed pasSivation layer 82, thus formeé[
.brevenf éhe oxygeﬁ ;iésﬁa £QAic$ls f;éﬁ at£acking tﬁé fi;st

.and.second low dielectric constant layers 62 and 70.

The bowing problem is again prevehted while the

-anisotropic etching profile is maintained. 1In.addition,

the second sidewall passivation layer 98 can trap copper
and copper compounds that may be éputtered during the

subseguent. etch through of the first passivatioén layer 58. .

_ F?nally, via poisoning problems are prevented by the

presence of the second sidewall passivation layer 98.
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T

conditions, with or without plasna genération. In this :case, the ratio of A
'fhe'TTOMYTafémbT"OXygen“fofthéiflOmfrate “bf”fhé”SUTfoicohfaiqimqﬁ%ﬁigﬁS”“” 3
bet ween about 1:1000-and 1:1. Yet another alternative is to sequentifallly v
etch, ‘first wth the sul fur-containing gas, and then w th oxygen . '
plasma.. In this alternative, the sulfur-.containing gas' radicals .
passivate the sidewal|ls of the dielectric layer 70. to formthe second
passivation | ayer 98 while partially stripping the second photoresi st

layer 94. and the optional BARC |ayer. The second passivation |ayer 98,

al ong wi th" t heRpfemiiousinpwf apmEdgpass vehé onidsty @as8avathus Leyerd,

prevent- the oxygen plasma radicals fromattacking the first and second | ow

di el ectri c5Bobstetnthddytnough ande%Bosdhendomdur 10k edbberagai n prevent ed
‘while the anisotropic etching profile is maintained’in addition, the - :

second si dewatibicpessis@t | Quriayern88eEanihy APr SUUE! sod gORREr conpounds
that may be sputtered during the subsequent; . etch through of the first

passi V_atiOBdbﬁéﬁroﬁﬂzoefﬁﬂ‘%'oH%ouﬁhg ﬂeyssai-%&?{él@ae%f%ﬁtgr gygnted by the
presence of the second sidewall passivation layer 98. 24
' :_'sidewalls and possibly the top of the capping layer 74 .and
L the optional etch stop layer 66.. In the prior art, the
coppér ions would typically diffuse‘iﬁto the low dieiectric
constant layers 62 and 70. 1In the present invention,
- however, the presence of the_first Sideﬁall passivation
layer 82 and the second sidewall_passivation layer 98;

prevents copper diffusion by trapping the copper ions.

Referripg now to Fig. 13, the dual damascene
intéréohhéﬁtg are cémpletedL A barrier metal iayer 164 is
'deposited-through vapor deposition overlying.thé first
sidewall passivation layer 82, the second sidewall
paésivation layer 98 and the pptioﬁal etch stop-layer 66 _
and theréby Iining the trenches. A copper layer 106 is
'déé;sitéd oveflying tﬁe sarrier métailiayer 104 ana filling
;he via and intérconnect openings. Thi§ barrier metal layer

104 would comprise, for example, tantalum nitride,

tantalum, tungsten nitride, or titanium nitride. The

copper .layer 106 is deposited by vapor depqsition-and

electroplating and is then polished down to the top surface

o
W




| 12, the. first
e 9 0 DEC 2004 .. Referring now. to Fi g.
Tbéésivaf:roh-laye“"-Ssl is etched. through-to: expgiﬁetgs gﬂgerl dggu&paﬁﬁr
conductors 5.4.' During the etching , process; > fewnl| s and bossi bl y .
ounds may be -sputtered 102 onto the si
'.?hecfggegfcogﬁe capplﬁg | ayer 74 .and éhe optlfralde}?nszt?gtgayﬁ; Fgw
h rior art, 'the. copper |ons_m0ul typically ot
GPefegtPic' constant |ayers 62 and 70. In the- present - |Pyen:|gg,and
however, the presence of the first sidewal |- passivation |aye

- ffusion by
S l,.a revents. copper di
E P:p;?ﬁgn?riﬂ S?\gﬁgrgp?gﬁ i%f#e?ﬁ ng°yﬁ8\5§}°§8tﬁl g e 1dual anpRgendanascene

tal layer 104 is deposited.
‘i nt er connedlnt e3tenhQPPL ef £, A RAL I er e 1 0. e
-t hr ough vapor dep83| ??on over%Aman ftaﬁéul"'f*rgf B¢ LRl 9T reasickacud ay

Gd s 98 and the optional etch
ot t1heysf3 '66. iagg t " Ivat?{é’%?’h%%f’gr@ﬁéh‘é%uld\ %Qimigrsq aer 106 is .
Sennsi | o | er 104 -and filling the via an
deposit ed Qe ¥h N9t BE aé'JI er a L2 ane
|nferconnegi oéeh?nﬁ%@ ﬁ$h %xﬂ%%%? 1H€té MPhyRFocasm. wilhed capmpnigs: )

l.u t ungst en nltrlde or tltanlum.
_e?(an‘plje tqgj}’%k‘u%ngérv Se as taarfpt %lshlng s Op . o
ni-tride

e

As shown in‘the preferfed_embodiment, the ptesent'

invention provides a veéry manufacturable process.for

- forming single cr dual damascene ihtefconnects. The nbyel
lformation.of a sulfhf-containiné.sidewall passivation on
the sidewalls of the damdscene ocenings prevents bow1n§.andl
via p01son1ng due to the oxygen plasma process used to

: strlp photoresist. The method creates this s1dewall
passwvatlon by using a sulfq*-contalnlng gas to strip

photoresist. No additionai pProcessing steps are therefore

‘required,

While the invention has been particularly-shqyn_and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art

that varlous changes 1n form and details may be made ... .

————————

without departing from the spirit and scope of the

invention. At the same time, it is" evident that the same

methods may be employed in other, similar process steps

26




.YCO‘S,DEI‘ | ayer 106 is deposited by vapor deposition.and electroplating and
Jis then polishéd” dowh to:the top-surface 25 -+1:--0--DEC-2004.--of - tﬂg Qﬁfuﬁmf
layer 74 to conplete the dual damascene interconnects in the f

iof the integrated Circuit device.. The polishing down pr ocess would
conprise a chem cal mechanical polishing (CW) process. .The capping | ayer
74 serves- as a polishing stop. . . . As shown in the preferred enbodinent,
fthe present - invention provides a very nanufacturable process far formng
4single or dgg%r_darrascene i nterconnects. The navel. ~formation of a

sul fur - cont NS tevmine qrassiteaties . ONp the dangscene
openi ngs prevents bowi ng and :-via p0|son|n%fgﬁgﬁﬁg'theh§x§§85 g gg

iprocess. uséhetbres&nt[lqﬂquabeSmﬁy bdhexPEh, $.Sidewval |
passi vatiorr by using a sul fur- contalnlngxga§m%g ﬁ?p 6ﬁgt59egp§t No,

jaddi ti-onal- ﬁoDmeesmnmpﬁnuﬁprangebgereg r qu red VWile thé& invention
lhas been particul arl y- shown and descr?bgreat{€} E508 SETERBUBERf erred

enbod|nentsw;thmutxﬁepaﬂtﬂmd I3 ) gﬂgegéippg gaatgggai %§I||ed inthe art

invention.

Furthermore, the dual damascene structure.that is

illustrated herein is formed “v1a flrst ” The structure can

. als \! ”
0 be formed ‘trench flrst or- by u51ng a “self-allgned

- via” technlque or,- by another well -known technlque cf’ the

art w1thout departlng from the scope and spirit.

What is claimed. is:

27




t hat various changes in forn1and details ma be nmade mﬁthout departing from

“thespirit-and-scope-of the;- i nventton-At--t-he-sane- tie;- 3#%%2&& e
proce s 6

that the sane nmethods may be enpl oyed in other, simlar
--- --1 "0 DEC 2064 that . are to nunerous to C|te For exanpl e, the

approach of ™ the present.. invention may be extended and applied to.-the.-
formation of triple-level, . or greater, damascene structures. wi thout
departing" ‘fromthe spirit and scope of the ‘i'nvention. . Furthernore, .the
dual. damascene structure. that is illustrated herein is forned "via

flrst." The gtr chggg gan |so be formed,"trench first" or’ by u5|ng a
"sel f-aligned Via Shi? qUREDr aqifgﬁﬂﬁtﬁBFeﬁ%??nﬁﬁﬁﬁMFWeaﬁﬁn que of "the:
art wthout ﬂgﬁﬁ% |€¥% %Wl t he scoge and spirit. What is clainmed. .is: 27 .
..... dcture olf)ag iptegroped. Clrcuxt devige mompré®ENgo form

-danascene |nterconnectﬁ i'n the manufacture of an integrated circuit devi ce
compri sing: - lng copper conductors overlylng a semiconductor

substrate,
providing-a first paseivetroqclayerHoveriyiﬁg.said.
copper-conductorsf | |
| dep051t1ng a low dlelectrlc.constant layer overlylng'
sald flrst passivation layer,
depositing-a photoresist_leyer overlying said low .
die}ectric constant layer;
.,'. petterning.séio photoresist layer to form a via mask:
thereafter etching through said iow dielectric

constant layer to form said via openlngs,

srmultaneously Strlpplng away sald photores1st lafer
- and formlng a sidewall passivation layer on the sidewalls
,of_said'via.openings by using a sulfur~containing.oes{

etching through said first passivation layer to expose
tunderlylng sald copper conductors,

depositing a barrier metal layer overlying said first

passivation layer and fiiling eaiq via openings;

- depositing a copper layer overlying said barrier metal -

layer and filiing said via openings; and

polishing down said copper layer to complete said

damascene interconnects in the manufacture of the

28
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provi di ng copper conductors overlying a sem conductor substrate;

providing a first passivation: |ayer overlying said copper co . g
? ggg{?@“ion

depositing a low dielectric constant layer overlying said firs
layer;"' depositing-a photoresist |ayer overlying said [ow dielectric
constant |ayer; patterning said photoresist layer to forma via nmask;

‘thereafter. etching through said |ow dielectric constant |ayer to formsaid

vi a openi-ngs; simultaneously stripping away said photoresist |ayer and

form ng.a sidewal | passivati.on |layer on the sidewalls of said via openings
FRORT !

by using a sdi&P NG S948VE8% ching through said first passivation
| ayer to expose underlying said copper conductors; depositing a barrier
metal |ayer overlying said first passivation layer and filling said via

openi ngs; depositin copper- layer overlying said barrier nmetal. |ayer

and filling i EE‘Si aegb%‘ﬁi TdiR b%ﬁlaﬁ"%d gB%e’sfhistfléoﬁ‘BEPsF%%r to

conpl et e-sai d__damascene interconnects in the manufacture of the 28
interconnects comprises one of the group of: single

damascene interconnects and dual damascene interconnects.

"3. The method according to Claim 1 wherein said low
dielectric constant layer comprises one of the group of:
porous organic materials, non-porous organic materials,
porous fluorinated organic materials, non-porous
fluorinated organic materials, porous carbon-doped silicon
dioxi&e,.non-porous carbon-doped silicon dioxide, porous
hydrogen-doped silicon dioxide, and non-porous hydrogen-

doped silicon dioxide.

4. The method according to Claim 1 wherein said

'firs£ passivation layer compfises one of the group of
.'.silicon nitride, silicon oxynitride, copper bérrier low k

‘film Blok™ by Applied Materials, silicon carbide, and boroﬂ

nitride.

5. The method according to Claim 1 further comprising

depositing a cappingllayer after said step of depositing a

29




10 DEC 2004 integrated circuit device. 2. The ‘method according to Claim1
wherein said danascene interconnects conprises one of the gro$pnqj' 2@ggle
damascene i nterconnects and dual danascene interconnects. 3. ,helgg
according to Claim1l wherein said low dielectric constant |ayer conprises
one of the group of: porous organic materials, rion-porous organic _
materi als,. porous fluorinated organic materials, non-porous fluorinated
organi c materials, porous carbon-doped silicon dioxide, non-porous _
car bon-doped _si |l i.con di oxi de, porou hydr ogen- doped si.ljcon dioxide, and
non- por ous - hAMof LRI STrcH COPFERBh THYRE AR RE19 et drstick “AERGP T ng 1 o
Caim1l1l wherein said first passiyation |ayer conprises one of the group of
silicon nitr%§BOSEH7Ech B ﬁirFF'?‘ﬂ'é,le:pé'. °b&rti ¥ SWPRL1Ei | m Bl okTM by
Applied Materials, silicon carbide, and boron nitride. 5. The nmethod
according to Caim1 further conprising depositing a capping |ayer after
said step of -depositing.a .29 1 0 DEC 2004 |low dielectric constant |ayer
and prior to.said step of '

e
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depositing a photoresist |ayer wherein said capping 29A 10 DEC 2004
~+-ayef -conpri-ses one--of-t-he -group -of-- -si- con-nt tri-de-- si-hi-con- oqi%zmﬂe
.and silicon carbide...6. the-nmethod according. to Claiml mherg'

-sul fur- contalnlng as conprises one of the group of: sulfur dioxide, sulfur
trioxide,. and a' mxture pf sul fur dioxide and sulfur trioxide. . 7 The
_ et hod, according to Claim'|l wherein said step of ‘si-nul'taneously
stripping away sai d photoresist layer is performed without-a plasm at a .
t'enperature of between about 20 degrees C and-300 degrees C-and a pressure

of between abgut SorpAlyds asé BF0cher ro§p Jbe opfhads 3gqqiding to daim7

“further conprising adding oxygen gas o said su ur-contalnlné gas.wherein

the ratio okithess! rade &, $dqd s9%XYgER . the flowrate.of said
. sul fur-containing gagw%s bet ween abgut 1: 10%%§%%ék9 The .met'hod accordi.ng

to-Cdaiml wherein said step of ' sinultaneously . stripping away said
photoresist layer is perfornmed with a plasm wherein said plasm is

gefierat ed at 6.2 HRTRRRAG 8c0b-BEAY R hAY 20rl3diRegaGeond 300 dearees

Sulfur contalnlng gas comprlses one of 'the group of: sulfur -
dlox1de,.sulfur trlox1de, and a mixture pf sulfur dloxide .

and sulfur trioxide.

7. The methbd,eccording to Claim 1 whererﬁ'said step of
lsimultaneously,stripping away said photoresist layer is
performed without a plasma at a temperature of berween
about 20 degrees C and 300 degrees C and a pressure of

between about 0.1 Torr and 760 Torr.

8. The method accoxding to Claim 7 further comprising adding
oxXygen gas to said’ sulfur-containing gas wherein the ratio
of the flow rate of said oxygen gas to the flow rate of

" said sulfur-containing gas is between about 1:1000 and

1:1.

-

9. The method accordlng to Clalm 1 wherein sa1d step of

srmultaneously strlnplng away said photoresist layer is

performed wrth a plasma wherein said plasma is generated at

a temperature of between about 20 degrees C and 300 degrees

30
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30 C, a pressure of between about 0.01 Torr and 20 Torr, and an energy of
bet ween about 100 Watts and 5,000 watts. 10. The nethod according to C aim
9 further conprising addi ng oxygen gas to said sulfur-contqugbn gas
Wt:.e_reinthe ratio of the flowrate of said oxygen gas! 2V rate
of said sulfur-containing gas is between about 1:1000 and ™:1. 11.

nmet hod to form damascene interconnects in the manufacture of an integrated
circuit device conprising: providing copper conductors overlying a

sem conductor substrate; providing a first passivation |aver overlying
said coppez poesserersf biepeeedi aPCWt| BdvP Hi EPEELFRT %@ﬁ%?aﬁt Fayer
overlying said first passivation |ayer; depositing a capping |ayer

over| yi ngnsehdrpwof dbeteeéni ebconsi8dtWeayerandepo’?¥ ? i fig-as phot or esi st

| ayer overlying said capping |ayer; patterning said photoresist |ayer to
forma via mask; thereafter etching through said capping | aver and said
| ow dielectric constant |ayer to formsaid via openings; 31

10. The method according to Claim $ further comprising

addind oxygen gas to said sulfur-containing ¢as wherein the

ratio of the flow rate of said oxygen gas to the Iliow rate

of said sulfur-containing gas is between about 1:1000 and

1:1.
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11. A method to form damascene 1in

manufacture of an integrated circuit device comprising:

(¥

providing copper conductors overlying a samiconcductor

substrate;

providing a first passivation laver overlying said
copper conductors;

depositing a low dielectric constant layer cverlving
said first passivation layer;

depositing a caﬁping layer overlying said low

dielectric constant layer;

layer; T | . e e e e

patterning said photoresist layer to form a via mask;
thereafter etching through said capping layer and said

low dielectric constant layer to form said via openings:



1..0 . DEC 200 ........ sinultaneously stripping away -sai d phot oresi st

| ayer and--f-or m-ng--a-si-dewal--passt vat-i-on - | ayer--en: the--si- dewal I1sg--ngc- iﬁaﬂ’}d

ni ngs by using a sulfur-contalnlng gas; wherein said "7
-gL?fSPecon?alnYng gag conprises one of the ‘group of:.sulfur.d|0_><|d_e;]I .
sul fur trioxide, and .a m xture of ~sul fur dioxide and sul fur trioxi ea
etching t hrough. said first passivatlon | ayer to expose unQerIylng sal -
copper conductors; depositing. abarri'er netal |ayer overlying sai fapﬁl g,
| ayer. and lining said via openings; depositing a copper Iaygr oregth g
said. barrier net@hmuhexgéoégmyfgggl 8§aggaglga Benh?ﬁhtﬁéﬂ] g

Yer;
down said copper |ayer to conpl ete nmascen €%in the

manuf act ur e thtE%rmhﬂéegr@i&%béiﬂfﬁgéglqgtéépél%%ﬁﬁj?@e %Eﬁﬂgggﬁﬁédbpguéo

.Claim 11 wherein said damascene terconneci o
f ngle -d eyh gt t dual damascene_interconnects
?heshe?hod a?ggﬁgsggv%g %?gﬁﬁﬁfglﬁkgggﬁﬁ gafﬁfgaﬁ/CEPE$tR&49<9%§onstant

' h porous organi ¢ materials, non-porous
B PNEe  PE  E GO e e U= A s9e0us 32

group of: sulfur ‘dioxide, sulfur trioxide, and a mixture of

sulfur dioxide and sulfur trioxide;
| etching through said:first passrvatlon layer te expose
underlying sald copper conductors,

dep031t1ng'a-barr1er metal layer'ouerlying'said
.capping_layer and lininngaid-via openinge;

depositing.a copper layer ouerlying eard.barrier metal
“layer and fiiiing said-via openings; and

. pelishing down said copper layer to comp1ete sald

damascene lnterconnects in the manufacture of the

integrated circuit device.

12 The method- accordlng to Claim 11 whereln said damascene
'lnterconnects comprises one of the group of: 51ngle

damascene J.nterconnects and dual damascene J.nterconnects

13. The method accordlng to Clalm 11 whereln said low

di electrlc constant layer comprlses one of the group of:
‘ porous organic materials, non- porous organic materials,

porous fluorinated organic materials, non-porous
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zz= 1 0 DEC 2004 fluorinated organic materials, porous carbon-doped
silicon dioxide, non-porous carbon-doped silicon dioxide, por ous

hydr ogen- doped si l'i con di oxi de, and non- porous hydrogen- doped SPIPF&NZUU"'

di oxide. 14. The nethod according to Claim1ll wherein said first
passivation | ayer conprises one of. the group of silicon nitride,. silicon
oxynitride, copper barrier lowk film BIokTM by Applied Materials, silicon
carbide, and boron nitride. 15. The nethod according to C aim 11 wherein
sai d cappi ng fluprdnagedpeigasicometetiahe, graumsotarboh+dapediistiniden

silicon oxynitride, and silicon carbide. 16. The nmethod according to Caim
11 wherei n salibxitdep obn-psiond tcamboustigpesst rdifiicog dweyidksi dbordakor esi st

| ayer is - performed without a plasma at a tenperature of between about 20
degr ees. C andhy3h®ogagreped Gidridoa giessde e afd nbetpeesualoutrdyeh~Torr and
760 Torr.. 17. The nethod according to Claim 16 further conprising adding
oxygen gas t cden€eidd s¢dlifon-dioniaieni ng gas wherein the 33 10DEC2004

14. The method according to Claim 11 wherein said first
passivation layer comprises one of. the group of silicon
nitride, silicon oxynitride, copper barrier low k film
Blok™ by Applied Materials, silicon carbide, and boron

nitride.

15. The method according to Claim 11 wherein said capping
layer comprises one of the group of: silicon nitride,

silicon oxynitride, and silicon carbide.

16. The.methbd according to Claim 11 wherein said step of
.simultaneously stripping away said photoresist layer is
performed without a plasma at a temperature of between |
" about 20 degrees C ana 300 degfees C and a pressure of

between about 0.1 Torr and 760 Torr.

17. The method according to Claim 16 further comprising

adding oxygen gas to said sulfur-containing gas wherein the
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ratio of the flow rate of said oxygen gas to the flow rate of

sai d-sul fur-containing gas is between about 1:1000 and 33A .. 10 Bﬁf)iﬂﬁF
2004 1:1. 18. The nethod according to Cai'm 11 wherein said. step 0

si mul t aneously stripping. away said photoresist layer is perfornmed with a
pl asma wherein said plasma is generated at a tenperature of between about
20 degrees C and 300 degrees. C, a pressure of between about 0.01 Torr and
20 Torr, and an energy of between about 100 Watts and 5,000 Watts. 19. The
met hod accor didig<t eché? 1w’ matehef tdkpraxyiaey Jaddindghexyfden gaseto said
sul fur-containing gas wherein the ratio of the flowrate. of said oxygen
gas to the flVwSedtesubfurzgantaiping- gonhtid Metyegasabenthdiw8€A abdut 1: 1000
and 20. A nethod to form dual danmascene interconnects in the ,nmanufacture.
of ..an integrated circuit-device conprising: providing copper conductors
overlying a sem conductor substrate; providing.a first passivation |ayer
overlying said copper conductors; depositing a first low dielectric
constant | ayer .
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overlying said first passivation |ayer; depositing a second |ow dielectric” . |
constant “tayer- 34 overlvying-said ffTstmLomrdie!ectric~censbanq bqﬁgér T
depositing a first photoresist |ayer oyverlying said second | ow di'e tﬂW% i
caonstant | ayer; patterning said first photoresist |layer to forma via.
.mask; thereafter etching through said second-low dielectric constant. |ayer
and.said first low dielectricc constant layer to formvia openings;. " -
si mul taneously stripping away said first photoresist Ilayer and formng a
first sidémaIL]passivation | ayer. on the sidewalls of said via openings by
using a sul fur-“‘containing  gas; thereafter depositing a second photoresi st
| ayer overlying said second | ow dielectric constant |ayer; patterning
sai d second. photoresist layer to forman interconnect nask; thereafter
etching through said second |ow dielectric constant |ayer to form
i nt er connect, peﬁ%ﬁg%‘??h‘?%i FEFQ el $loy Cldadimppil nghanei/n Sed i S bt
phot oresi st |4q er _and form ng a second ‘sidewal -passivation-|l.ayer on

: : S$1 U1f§RGOUSlY stripping away said photoresist layer is

performed w;th a plasma wherein said plasma is generatéd at
_a temperature of between about 20 degrees C-and 300 degrees.
C, a pressure of between about 0.01 Torr ahd.20 Torr, and

an energy of between about 100 Watts and 5,000 Watts.

_19. The method according to Claim 18 further combiising
adding oxygen gas to said sulfur—dontaining gas wherein the
ratio of the flow rate of said oxygen gas to the flow rate.

-

of said sulfur-containihg gaé is between about 1:1000 and

i1, . o - -

20. A method to form dual damascene interconnects in the
manufacture of,an integrated circuit device comprising?

pr9v1d1ng copper condqétors overlying a semiconductor

substrate;

providing.a first passivatioh layer coverlying said

copper conductors;

- . o @ st e SSvm e —— s

”"Hépdsitidiﬁé-fifgfmiéﬁmaielectQigmgsggééaf“léyer
, overlying said first passivation layer:;

depositing a second low dielectric constant layer
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sai d sidewalls of said-via openings and on-the. S|demalls of  said

) as; etchlqg t; e R
‘I"At'erconnect™ openlngs by using a-sul fur contalnlng g .
'said first. passivation layer to expose 35 1.0"DEC 100 underlg/ % ;Wd

tal |ayer overlying 'said

“copper conductors; depositing a. ‘barrier-me yer

caBBTng | ayer and‘lining sai d V|a.openhngeiler05|thn?ht2rgggg:£tlggggings
rlying said barrier netal layer an i1ling eal

gxg sé|dQV|a openi ngs; . and polishing down said copper |ayer to conp{gée

‘sai d dual damascene interconnects in the manufacture of the integra

I.m 20 wherei-n said first -
t devi T ordi 0. aim20 .
ffo&fuhlelectS?grégﬁg aﬁ§l€eég$g%g%%?| EQS%Elec??ﬁFiﬂthﬁﬁﬂrf porous

d
terial sqg rgan mat-eri al s porou%_fluorlnate _
oroan ¢ mater: al SePOR BHOUP QLR RREER: St ey SRt T A dpsRads.

| i con di oxi de,
d o] dio .NON- pPOr ous arbon doped si di .
o ovs Py 33&::%*’5&5%% A GoRREnE e YRt por ous - hydr ogen-

- patterning said first pPhotoresist layer to form a via . .
mask; )
thereafter etching through said second’ low dielectric - ..

constant layer and said flrst low: dlelectrlc constant layer“
to form via openlngs,.
srmultaneously stripping away sald flrst photore51st
layer and formlng a f1rst 51dewall pa551vatlon layer on the
SLdewalls of sald via openings by u31ng a sulfur—containing
. gas;
thereafter deposlting a second.photoresist_layer'
overlying said seoond Iow'dielectrlc constant layer;
~patterning said second photoresist leyer to form. an
' interconnect mask;
thereafter etohing through said second low dielectric
' constant layer to form interconriect openings;
simultaneouely stripping away said second photoresist
layer and forming a second-sidewall passivation layer on
sald s;dewalls of sald v1a openrngs and on the sidewalls of .

said interconnect openings by using a sulfur-containing

. gas;

etching through said first passivation layer to expose

Ay o = AT YN, e RN T A TR VT R T o SN I S I A R DI
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' ili i oxi ding'to Caim20 wherein said
silicon dioxide. 22. The nethod accor B
gce)gggd “Tow dier et i eonst ant -ayer conpr i'ses' one- lof theogr;(r)gqu % 2% ed
or ous organic materials, non-porous organic materia s, pd ous 11T
-gr ani ¢ materials;.non-porous 36 1 0 DEC 2004 fluorinate argOn Goped
'hﬁ?eriafs-'porous car bon- doped siliconddlorlden SPQXngouan Pl
il i oxi doped silico
silicon di.oxide, porous hydrogen- con o aTng Ty oo boro
- d silicon dioxide. 23. The nethod ac _ |
-Q%g:g?ﬁnsaﬁgpflrst passi vation Iayiéﬁfonprlfga/Enflﬁa]tgﬁogaﬁrgyogp;::;gon_
itri rdyyngt satie, c le M Bl 5.
RgtéL?:IsSILr??tgnyga?blde éﬁgﬂggron nitride. 24. The nethod according to

| vi
Clai m 20 further deppsisimg a M&Jéﬂ e +3q- EEgQrSé {gjf)ﬁ’-q‘gql %er overlying

I

.depositing
t ayer pri
‘said first-l.ow dielectric constan 4 rd|n ‘o

r 5, _The nethod acco g
sai d. second hawpdn§|fﬁyéfcéﬂ3”¥ﬂﬁyﬂg vig ing said
daim 20 further conprising deposit |ng a capBP?Qﬁ?%aﬁr overly g
second | ow ', deposxtlng a copper layer overlylng sald bar*ler metal

'layer and fllllng said 1nterconnect openlngs and Sald v1a

openlngs, and =~ o _ Lo
polishing down said eopper layer to complete said dual
damascene-interconnec;S'in the manufactuie of the’

integrated circuit device.

lZID'The methodqd actording-tolélaim 20 .wherein said first low
dielectric constant laYer-compriSes one.of ;he groun of: )
porous organic meterials, nen-porous 6rganic materiale;

‘porous fluorlnated organic materlals, non—pofous ‘

fluorlnated organic materlals, porous carbon-doped silicbn_
dlox1de, non-porous carbon-doped silicon ledee, porous
hydrogen doped silicon dioxide, and non—po:ous hydrogenr

"doped sxllcon dioxide.

22.' The method according'to Claim 20 wherein said second

low dlelectrlc constant layer comprlses one. of the group

of: porous organic materials, non-porous organic materials,

i porous fluorinated organic materials; .non-porous
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dielectric constant layer prior to sai-d step of depositing said first
phot oresi st l'ayer. 26. The nmethod according to Caim 20 wherei 2 gam_%: SZHM ur
contai ni ng gas conprises one of the group of: sulfur 37 9 0 DE 04"

di oxide, sulfur trioxide, and a mixture of sulfur dioxide and sul fur
trioxide. 27. The nethod according to Caim 20 wherein said step of

simul taneously stripping away said photoresist layer is perfornmed wthout
a plasma at a tenperature of between ~about 20 degrees C and 300 degrees C
and a pressure of between about 0.1 Torr and 760 Torr. 28. The nethod
according to Caim23. further conprising adding oxygen gas to said

sul fur - cont aifiueg igasedherginica neterbel s afondwe thoboraddpesf sg¢didomxygen
gas to the flowrate of said sulfur-contairning gas i s between about 1:1000
and 1:1. 29.dipxddget hod-zRevisdicagbr-&rredn 23 igher éiexidd,d poreps of

simul taneously stripping away said photoresist layer is perforned with a
pl asma wher eiiygigenprered $isligonediprident arg nenpperous diwsfrogenneen about

20 degrees C and 300 degrees C, a pressure-of between about 0.01 Torr and
20 Torr, and doped silicon dioxide.

23. The method according to Claim 20 wherein said first
passivation layer comprises one of the group of silicon
nitride, silicon oxynitride, éopper barrier low k film
-Blok“’by Bpplied Materials, silicon carbide, and boron

- nitride.

24. The method according to Claim 20 further comprising
depositing an etch stopping layer overlying said first low
dielectric constant layer prior to said step of depositing

said second low dielectric constant layer.

25. The method according to Claim 20'further comprising
depositing a capping layer overlying said second low
‘dielectric constant layer prior to said step of depositing

said first photoresist layer.

26. The method according to Claim 20 wherein said sulfur-

containing gas comprises one of the group of: sulfur
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an energy of between about 100 Watts and 5,000 Watts. 30. The nethod
‘according to Claim29 further conprising adding oxygen gas to ﬁBIPE%

sul fur-containing gas wherein the 38 1 0 DEC 2004 ratio of the fIo Zﬂg'fe
of said oxygen gas to the flowrate of said sulfur-containing gas is

bet ween about 1:1000 and 1:1. 39

dioxide, sulfur trioxide, and a mixture of sulfur dioxide

and sulfur trioxide.

27. The method according to Claim 20 wherein said step of
simulténeously stripping away said photoresist layer is
performed without a plasma at a temperature of between
about 20 degrees C and 300 degrees C and a pressure of

between about 0.1 Torr and 760 Torr.

28. The method according to Claim 21 further comprising
~adding oxygen gas to said sulfur-containing gas wherein the

ratio of the flow rate of said oxygen gas to the flow rate
of said sulfur-containing gas is between about 1:1000 and

1:1.

29. The method according to Claim 20 wherein said step of
ISimultaneously stripping away said photoresist layer is
performed with a plaéma wherein said'plasma is generatea at
a temperature of between about 20 degrees C and 300 degrees
C, a pressure of between about 0.0l Torr and 20 Torr, and

an energy of between about 100 Watts and 5,000 Watts.

30. The method according to Claim 29 further comprising

adding oxygen gas to said sulfur-containing gas wherein the
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ratio of the flow rate of said oxygen gas to the flow rate

" of said sulfur-containing gas is between about 1:1000 and

1:1.
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