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A METHOD TO FORM DAMASCENE INTERCONNECTS_WITQ SIDEWALL

PASSIVATION TO PROTECT ORGANIC DIELECTRICS .

- BACKGROUND OF THE INVENTION

(1) Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and more particularly, to the
formation of damascene interconnects using low dielectric-
constant materials in the manufacture of integrated circuit

devices.
' (2) Description of the Prior Art

Wifh.the coﬁtihuing reduction in the feature size in
‘the art of semiconductor manufacture, conductive tfaces and
acfive;devices_are_now fabricated very closely together.
.This gréatér-prOXimity has léd'té.the trémendous packihg
densities of modern ultra large-scale integration (ULSI).

With these greater densities and closer device spacings has

come the problem of greater capacitive coupling between

ddjacent circuit elements.



To reduce the'capacitive coupling between elements in

the circuit, while stiIl achieving the essential -electrical

isolation, new dlelectrlc materlals have been developed and

introduced into integrated cirouit_manufacturing. These

‘new materials typically are based on organic compounds . that

may also contain inorganic elements,_such as silicon. For
example, spin—on-glass (SOG) materials, such as
silsesquioxane'have been introduced. Amorphous carbon
dielectric marerials'and'organic.polymers have also been
applied in place'of silicon dioxide. These new materials
reouce.the dielectric constant of the insulatingelayer

formed, thus improving circuit performance.

There-aré"many'diffrodlriesmto overcome in using these
new materials, however. One problem of particular concern
is-stripping photoresist. Traditional methods and
chemistries used.ror'Stripping efching these new materials
encounter problems as will_be seen in the prior art

example.

Referrlng to Flg 1, a cross sectlon of a part1al1y
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completed prior art 1neegrated c1rcu1t devvce is shown. 1In

this example, a dual damascene via is being formed. A

semiconductor substrate 10 is shown. The semiconductor



substrate 10 could be composed.of silicon or of sevgral
mi¢rdelectrohics laygfs such as insulator layers'andf -
conductor layers.. Metal traceé 14 are formed overly;ng“the'
seﬁiconduct;r substrate 10. A passivation.;ayer.18

overlies and isolates the. metal traces 14. A first low

dielectric constant layer 22 is app1ied oﬁerlying the

passivation layer 18}” The first low dielectric constant

layér 22 comprises either an organic material or a

-carbon-doped-silicon-dioxide.*_An etch stop layer 26

overlies the first low dielectrié constant material 22. A

second-low dielectric constant material 30 overlies the

-etch stop layer 26. The second low dielectric constant -

layer 30 also comprises either an organic material or a

-carbohédoped.silicon.didiidé. .A capping layer 34 overlies

the second low dielectric constant layer 30. Finally, a
photoresist layer 38 is applied'ovérlying'the capping layer

34.

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

damascene interconnects. are planned. The capping layer 34,

second low dielectric constant layer. 30, etch stop layer

26, and the first low- dielectric constant layer 22 are
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etched through using the photoresist layer 38 pattern as a

mask.

Referring now to Fig. 3, the phoforesist layef 38 is
stripped away. A sefious problem in the'prior art method
is illuétrated. The photorgSist strippiné_pfoce;s can
attack.the first low dielectric constant iaYer.ZZ and the -
second-low.dieléctric constaht:iayér'BO.f A significantl
amount of the low dieléctric constant material caq'be
removed, resuitiné in the bowihg profile 42 shown.

Photqoresist is typicgliy stripped by a wet solvent dr':
by an oxygen pla;ma._ Unfortunétely, wet solveﬁts'één
attack interfaces. ‘Themdxygeﬁ.éiaéﬁa}'or:ashing, approach
is more freqﬁently'used to avoid this problem. Oxygen |
plasmas do_hot typically damage silicon dioxide dielectric
layeré. However, the.carbon_and hydrogen éontaining low
dielectfic constant materials are éuscepﬁible to attack by
'tﬁe oxygen rédiCalé in the plésma. The.boﬁing damége
caused by the‘oxygen Strip is not reparable. It leads to

poor damascene copper £fill and to via poisoning problems.

Several prior art approaches disclose methods to form -

interconnecting structures in the'fabrication of integrated



circuits. U.S. Patent-S 536 681 to Jang et al discloses'a
process to improve the gap fllllng canablllty of O3~TLOS A.
selective plasma N, treatmene is perfo*med on a P -0X 1ayer
:5-Qeducé-tﬁémb3éféeéﬂ;e;$;1t1¢n rate and thereby lmprove
the gap £fill capabllltyﬂ U.S;-Patent 5,759,906 to Lou
teaches a method to improve planarization and to elimiﬁete

via poisoning'in a multiple level metal process. A triple

bake sequence is performed on .the spin-on-glass (SOG) -layer

to improve planarization. A high—density piasma
fluoiinated silicon giass.(HDP—FSG) layer_is'deﬁosited.

The HDP-FSG_leyer is anisotropice%iy etched to form
sidewall spacers on the via éidewalls. 'The presence of the
HDP-FSG sidewall spacers eliﬁinates via poiéoning. U.S.

Patent 5,985,762 to Geffken et al dlscloses a me hod to

form a copper barrler layer on the sidewalls of vias to

prevent via poisoning. Thewbarrier'material is bulk

deposited and then anisotropically etched to form the

sidewall liner. 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.




'SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of
"forming damascene interconnects in the manufacture of

integrated circuits.

A further object of the present invention is to
provide a method to form single and dual damascene
interconnects where low dielectric constant materials are

used.

A yet further object of the present invention is to
. provide a method to strip photoresist after trench etch
such that a sidewall passivation is formed to line the

trench.

_ Another yet another further object of the present
invention is to'provide a method to form a sidewall
passivation 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-



containing gas that simultaneously forms a sidewall

passivation. S - _ .

In accordance with.the:obﬁegts of this'inventiqn, a
new method .of forming a-damaécéﬁe-interconnect in the
manﬁfacture of an integrated circuit device has been
achievéd. The_daméscene intefcoﬁnect may be a single
damascene or a dual démqscene; Copper conduétors are;
prqvidedZOQerlYing a_éeﬁiconducﬁor_éubstrate._A first
passivation layef is provided.overlyihg'the copper
cpﬁductoré.' A low dielectri; constant layer is deposited
overlying.the first passi&ation-layer. An_optiéhal capping
layer'is deposited oveflying the low dieiéctric constant
layer.'IA photoresist-léyei is deposited overlying the
gapping layer. The capping layer and the low dielectric
:constant'layer.ére etched thréugh to form via openings.
Thelphoﬁoresist layer is simultaneously stripped away while
férming a.sidewall passivatiqn layer on the sidewa%ls o%

;'the.via openings using a sﬁlfﬁr—containing gas. Sidewall
bqwing and via poisoning are thereby prevented. The first
passivation layer is etched through to expose the .~ . ____
und?Flying copper conductors. A barriexr metal layer is

Ierosited overlying the first passivétion layer and the

underlying copper conductors and lining the via openings. A



copper layer is deposited overlying the capping layer and
'filling'the via_openings. The copper layer is polished
down to complete the damascene interconnects in the

manufacture of the integ;ated'circuit device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings erming'a material part

of this description} there is shown:

Figs. 1 through 3 schematically illustrate in Ccross-

section a partially completed prior art integrated circuit

device.

Figs. 4 through 8 schematically illustrate in cross-
sectional represenﬁation-the preferred eﬁbodiment of the
present invention applied to the fabrication of a single

damascene interconnect.

Figs. 9 through 13 schematically illustrate in cross-
sectional representation the preferred embodiment ¢f the
present invention applied to the fabrication of a dual -

damascene interconnect.



DESCRIPTION OF THE PREFERRED EMBODIMENTS

-.Thislembodiment.discloses the application of the
present invention to forming daﬁascene interconnects with
.low dielectric constant materials in the fabrication of an
integrated.circuit device. 1In particular, organic material
or carbon-doped ‘silicon dioxidé are preferably used as the
low dielectric constaﬁ# mate;ials. It should be clear to
those experienced in the aﬁt-that the.pfésent-inventzén can-
be épplied and e#tendéd,tfof example; to new, but_sim@lar,.
compounds that are devéloped or applied to semicoﬁductor

: manufacture. ' The prgferred embédiﬁent describes the . ‘
applicafion of the present ihventi¢n7;o the formation of
- both single and dual damascene interconnects. It should be
clear to those skilled in the art that the present
invention can easily be applied'to various damascene
schemes. .Thé pfeéeﬁt_iﬁ&ention could be applied to many
appiications where photoresist must be stripped from an
integrated circuit that contains an e#posed_lpY §%?£§ctr;S“

constant material.



Reférring now particulafly to Fig._4;-there is shown g'
cross section of a paftially_completed'integrated ci:cuit_
" device of the éreférréd embodiment. A slngle damascene.via
will first be ﬁsed.tq demonstraté the present'invéntion. é
semicondﬁctor-sﬁbstrate 50 is provided. To simplify the :
~illustration, the-semiCOAQuctor sﬁbstrate 50 is shown as a :
single-layer. The Base of the semiconductor sﬁbsirate-SO'
preferably comprises monocrystalline sillcon.fThe
semicdnductor:subStrate'50-ﬁay additionally coﬁprisé any of
the séveralladditibnél miéroeléétroniés layers, -such as
_conductiQe layefs énd';nsﬁlétor layers, interconnéét
struéturés such as.vias( contact hbles,_and conductive_
lines, and dgVicé Structﬁres, suEh.as_gate electrddes and

doped-junctions.

Copper conductors 54 are formed overlying the
semiconductor substrate 50. It is-undefstéod.that
typlcally an insulatiﬁg-léyer; whiﬁh is not shqwn,'woﬁld
'separate the copper conductors.54 from thé Semiéoﬁductor“
substrate 50. The insulating layer may additionally

comprlse a barrier metal layer or may only gomprlse a

barrler metal layer It is also understood that the copper

qonducfors 54 may be part of a dual damascene or single

damascene interconnect structure, which is not shown. The
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copper chductors 54 may be formed in any of the known
methoas. For éxamplé, é copper layef 54 is déposited_by a
sequence of physical vapor deposition'(PVD),
electroplating, and'cﬁemical mechanical:polishing (CMP) .
The-copper la§erﬁ54-is thén patterned to f@rm copper

_ condﬁctors. A first.passivatioﬁ layer 58 is deposited
overlyiﬁé the copper éoﬁductqrs 54. The purpoée oflthe
first passi?ation layer'SB is to prevent out diffusion of
copper from the copper conduétors.54 into:overlying |
dielectric materials. The first passivation'layer 58
preferabiy compriées silicon nitride that is deposited to a
thickness of betygen.aboﬁt 500 Ahgstroms and 5,000
Angstroms. Alternative firstvpassivétion layer 58 materials
include, buﬁ éfe not restricted to, silicon oxynitride,
BLok by‘Applied Materials.Cofp., silicon carbide, and boron

nitride.

A first low dielectric constant layer 62 is deposited
overlying the first passivation layer 58. The purpose of
the first low- dielectric constanﬁ layer 62 is to provide a

dielectric barrier for the subsequently formed single

‘damascene interconnects. In addition, by using a material

with a low dielectric constant, the capacitahce'loading and

coupling‘broblems can be minimized. The first low



dielectric constant layer 62 preferably comériSes organic
_mate;ial, carbon-doped siLicdn dioxide, 6r hydrogen;doped
.silicon dioxide. Alternativei§,'undoped silicon dioxide or
fluorinated silicon dioxiae may be used.. Material types
that.fall under'these'descriptions and that could be.used 
to-foim the first low dielectric consfant.layér 62 include,
but are not limited tb: porous orgahic materiais, non-
poroﬁs'oréanic materials, porous fluorinated organic
'materiéls, non-porous fluorinated organic materials, pérOUS
hyergen—doéed silicon dioxide,.noﬁ—ﬁbrous hydrogeﬁ—dOped
silicqn dioxide,. porous carboh—doped silic@n diéxide, and
non-porous ﬁarbon;doped silicon'aioxide. Specific
materials'inélﬁde( but are_not.limited to: SilLK by Dow
Chemicql“¢orp.,”ELARE'by;Allied Signal Corp. or Honeywell
'.Corp.,.amorphous fluofocarbon (a—C:F), PTFE, Teflon,
paryiene-F, parylene, alkyl silsesquioxane, aryl
'silsesquiqxane, poly(silazane), poly(arylene)ether, Black
Diaﬁond'by Applied Materials Corp.,_Coral by vaellus
Corp.,“fluoriﬁated'poly(ar§lene)'ether, and hydrogen
silsesquioxane. The first low dielectric‘constant layer 62
may pe depgsited by spin coating. The'spin coating may be

~followed By 8§iAg 6F by @ thermal treatment in a furnace or

in rapid thermal annealing (RTA) equipment. The first low

dielectric constant layer 62 is preferably deposited to a

12



thickness of between about 2,000 Angstroms and 10,000

Angstroms.

" An etch sto§ layerl6§ ié_depo;ited“overlying the first
low'dielectrié-constant'layet'62. Thé'etch stop layer 66 is
optional to the essential method of the present inyention;
The etch stop layer 66.is not necessary to the formatioh of
'the_single'damaséene interconnect; however,lﬁhe dual
damascene trehéh etching-method of the prefefred eﬁbodiment.
ﬁses this etch stop léYer 66.to facilitate creation of the
‘upper leﬁel,-qr intefcoﬂnect, trenches. The etch.stop
layer 66'méy.comprise, but=is not limited to, silicon
nitride{ silicon ox?ﬁitride, BLok_by Appiied Material;
Corp., éiiicon égrg;dé;-of_borén'nifride;. Thé etch stop
layér 66_§ref§fably compriSes silicon ﬁitride that is
deposited by CVD. The etch stop-layer 66 is deposited to a
thicknegs of between about 500 Angstroms_and_S,OOO

Angstroms.

A second low dielectric constant layer 70 is deposited

overlying the etch stop layef 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

.- e e e



constant layer 62, capacitanée loading and coﬁpling
problems are minimized by the material. . In the formation
of thé single daﬁascénefinterconhect, the second low

- dielectric iayer 70 is_not necessary. Tﬁe sécond low

" dielectric constant layer 70 preferably.comprisesrorganic
material, carbohfdoped silicon éiqxide, or_hydrogen-doped

‘silicon dioxide. Alternatively, undoped silicon dioxide or

fluorinated silicon dibxide may be used. Materials types

~that fall under these deScriptioﬁ and that could be used to

form the second low dielectric constant layer 70 inClude;
but are not limited to: porous organic matérials, non-
'porOus_organié'méterials, porous fluérinated organic
materials, non-porous fluorinated organic.méterials, porous
hydrogen-doped silicon dioxidé, non-porous hydrogen-doped
silicon dioxide, porous caﬁbéﬁ;dOped;silicon aioxide, and
non-porous carbon-doped_sili;on dioxide. Specific
materials include, but are nét limiggd to: SiLK'?y Dow
Cheﬁicai'éorp., FLARE by Allied Signal Corp. or Honeywéli
' Cdfp;;méﬁoiphéﬁs.fluorocarbon (x=C:F), PTFﬁ,”Tefloﬁ, |
parylene~F, pafylene, alkyl silseéquioxane, arvl

51lsesqu10xane, poly(51lazane), poly(arylene)euher, 31ack

leamond by Applied Materlals Corp ; Coral by Novellus

Corp., fluorihated poly(arylene) ether, and hydrogen

silsesquioxane. The second low dielectric constant layer



70'méy be deposited by spin coatihg. Thé spin coating may .
be folldwed by agiﬁg or by a ihermal treatment in-a_furnace'
or in rapid thermal anﬁ;aliﬁg (RTA) equipment. The second

Low gielectric constant layér 70 is preferably deposited to

~a thickness of between about 2,000 Angstroms and 10,000

Angstroms.

A capping layef 74 is depoéited overlying the second_
low diélectric5constant layer 70. This‘cappiné.layer is
'optional to.the gssential feétures éf the present'
inventi&n; £ uéed, the capping la&er 74 may serve two
purpqées in the.émbodiment. _Fiﬁég;'the éapping'léye£.74
protects_the second low dielectric constant laye? 70 from

' contamination; pértiéula;ly from Copper,.duiing'the"
proceééing sequéncé.' Secénd; the capping layer 7é.may be
ﬁsed as a polishing stop-dﬁring fhe polish down of the
copper layer. The capping.léyer f4.preferably comprises

silicon nitride, silicon oxynitride, or silicon carbide

' that has been deposited by CVD to a thickness of between

about 500 Angstroms and 5,000 Angstroms. .

o eUoSTRE @R ifpoitaiit feature, an organic photoresist layer
78 is deposited overlying'the capping layer 74. An

optional organic bottom anti-reflective coating (BARC) may

15



also be applied. The-photpresist.layer 78 will be
patterned-to'form a mask for ﬁhe vias‘or trenches. The
_photoreSist'léyer 74 may comprise'oﬁe of the several iight
senéitive compounds that aré.commonly'used in the art.

Referring now ﬁo'Fig. 5,‘another imporﬁant feature is
illustrated. The photoresist iayer.78 is pattérned to form
.openings where-Viés or tren;ﬁes.are'planned for the single
damascéne iﬁterc@nnects._ The photoresist'layer 78 may be
pattérned using a_typical'photolithographic process where
it is expésed.to light through a ma§k. A deVeloping
process rem§ves ghe ﬁndesiréd photoresist layer 78 to
expose.the.capping layer 74; or the optional BARC layer;

- where ‘the vias or trenches are planned.

'The optional BARC layer,:the_optional'capping layer
‘14, the sééond low dielectrig_constaht layer 70, the
optionaisetch stop layer 66, and the first low dielectric
icdnstant layér 62 are etéhed through to form thé_vias or
trenches. This etching is performed using an anisotropic

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

tHe fIfst passivation layer 58. By stopping the etch at
the first passivation layer 58, the copper conductors 54

are not yet exposed. This is an important feature of the



present invention because the copper material of the copper
conductors 54 remains enéapsulated by the first passivation

layer 58.. This prevents copper out-diffusion into the low

dielectric constant materials.

Referring now to Fig. 6, an important aspect of the
present invention is described. The photoresist layer 78 -
is stripped away while a first sidewall paésivation layer

82 is formed on the sidewalls of the vias or trenches.

As a unique feature of the_prééent'invention, a
sulfur-cdntaining gas is used in piace of the oxygen plasma
‘to strip away the photoresist léyer 78 aﬁd the oétional
"organiblBARC“layer. This sulfurfcontainingwgas reacts with
the first and Seéond low'dielectric cénstant layeré 62 and
70; The reaction of the sulfur-containing gés_with the
organic or carbon-doped materials results in a sulfating or
sulfonating action. The result of the reaction is the
formation of_a sulfur-containing side@ali baési%afiénliaYér
82 on the sidewalls of the low dielectric coﬁstant.layers

62 and 70.

The bowing problem, encountered in the prior art

example, is prevented in the present invention. The



anisotropic etching profile is maintained.l In addition,
the sulfur-containing sidewall passivation layer 82 can
“trap copper t;;t may be réleased”during the subsequent etch-
through of the first paésivation.layer 58. This prevents

_coppér_diffusion into the low_dieiect;ic.consfant layers_62

'and 70. Finally, #ia-poisoning problems are prevented by_

the presence of the sidewall passivation layer 82.

The sulfur-containing éas may;be'appiied using;plasma'
to etch the photqresi;t; The p;asma is generafed in a 
-reaction chaﬁber at a temperature of between about 20
degrees C and 300 degreés C and a pressure of between about
0.01 Torr and 20 Torr. Microwave or RF power is
capaqitively coupled to the plasmé:at.an energy 6f betweep

about 100 Watts and 5,000 Watts.

Alternatively,'the sulfur—éontaining gas can be
\aﬁplied 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 Torr.

rises sulfur dioxide

The SUlfur:Ebﬁééin{ﬁé-égéw;omp
(S02) , sulfur trioxide (SO;3), or a mixture of sulfur dioxide

-and sulfur trioxide. The sidewall passivation layer 82

18



formed by the sulfating or sulfonating reaction has a
thickness of betﬁeén'about 5 Angstroms and 100 Angstroms.
The present_inventién forﬁs thé sidewall paésivation:layef
82 at a.relatively low;temperature. Thehnovel approach of
the presenﬁ'igvention forms the advantageous sidewall
passivation layexr 82 without'any_additiénal proceséihg

stepé.

As a further alternative, oxygen gas may be added to
the sulfur-dontaining.gas in the same reaction chamber

conditions, with or without plasma generation. In this

case, the ratio of the flow rate of oxygen to the flow rate

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

1:1. . . :

Yet another alternative is to sequentially etch, £first
with the sulfur-containing gas, then with oxygen plasma.

In this alternative, the sulfur-containing gas radicals

passivate the sidewalls of the dielectric layers 70 and 62

and partially strip the photoresist layer 78 and the BARC

layer. The passivation layer 82, thus formed, prevents the

low dielectric constant layers 62Iand 70.
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‘Referring now to Fig. 7, the first paésivation la&er
- 58 is etched th?ough'ﬁo expose the underlying copper
'cénducfbrs 54; During tﬁe'etching process: some*of the
copper'may be.éputtered 86 onto the passivation layer”82 on
the-si@ewalis and the top of the capping layér 74._fIn.£he
priof art,“theygzbber iohs would'typically_diffuse into the
' iow dielectric constaﬁt léyers 62 énd370. 'In the present. -
inveﬁtion, hbwgver,'the~§re$ehcé of the_si@ewall
passivation layer 82 pfevénts.coppér diffﬁsioﬁ by trapping

the copper ions.

iReferring now to'Fig. 8, the.single démascene
- interconneéts are completed. A barriér metal layer 88 is
_ bé depésited overlying the sidewall passivation layeﬁ'82
and the copper cénductors 54 and filling the.érenéﬁes; A
copper léyer.90 is then- deposited 6verlying the barrier
‘layer 88 and filling.the via or trench openings;' The
bariier'métal léye; comprises, fof example, fantalum
nitride, titanium nitride, tungsten nitride, or tantalum.
The copper layer 90 may be deposited by é.physical vaéor

deposition (PVD), a'chemical vapor deposition (CVD), or by

a plating process.” Thé copper layer is then polished
to the top surface of the caﬁping layer 74 to complete the

.single damascene interconnects in the manufacture of the

20
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integrated circuit device. The polishing down process

would comprise a chemical mechanical polishing (CMP)

.'proéess, The capping layer 74 serves as a polishing stop.

Réfezring now to Fig. 9; fhe3§resent invention is .
applied to the creation of a dual damascene interconnect.-
Ih this.tase( the-étched opening of Figs. 3 and 6 would
comprise the via §pening; Coﬁﬁinuing the process after the

stripping and sidewall passivation step shown-in cross-

‘section of Fig. 6, a second photoresist layer 94 is

deposited overlyihg the optional capping layer 74. An

optional BARC layer may be Q§posited'overlying the second

photoresist layér 94. The second photoresist layer 94 1is

patterned to form openings for the interconnect trenches.-

The second photofesist layer may be patterned using a

typical photolithogrgphicfprocess where it is exposed to
light_éhrough é mask. A develbping'process teméves.the
undésirgd second photorésist layer'94 to expose the capping
layer 74, or'the'optioﬁél BARC iayef;'wheré-fhe tféﬁche§.

ére.planned. _ -

“““Efé?fiﬁg“héﬁftb'Figpwid}“iﬁé'éﬁiiohal BARC layer, the

optional capping layer 74 and the second low dielectric

constant layer 70 are etched through to form the
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interconnect trench.' This_etching is performed using an

anisotropic, plasma-assisted'dry étch. Note that the etch
ié stopped-at'the'étch'Stbp layer 66. Here the use éf the
‘optional etch sFop layer 66 facilitates easiér”férmafién of
sepafate interconnect and via lévels in the dual daﬁascene

structure.

Refefring now to.fig, 11['an important aspect'of.the'
present invenﬁiop is describedf.'The photbfesist layer 94
is stripped away while a seéond_éidewall passivation layer
98 1is forméd on the sidewalls of the interconnect trench.
The-photdresist la;er 94'i§ Strippéd using a sulfur-
containing gas.

This sulfur-containing gas ieacts primarily with thé
néw_exposed second low dielectric'coﬁstant layer 70. .The
‘reaction of the éulfur~containing gas with the organic or
carbon-doped materials results in a sulfating or
: sulfonatinguéctionu:~The resuit of the reactioﬁ“is the
formation of a second sidewall passivation layerl98 on the

sidewalls of the second low dielectric conStant 1éyer 70.

The sulfur—containing gas may be applied using plasma

to etch the second photoresist layer 94. This plasma would



be generated in a reaction chamber at a temperature of
between about 20 degrees C and 300 degrees_C and a pressure
of between about 0.01 Torr and 20 Torr. - Microwave cr RF

power is capacitively coupled to the plasma at an.energy of

between about 100 Wafts and 5)000'Watts.

¢

Alternatively, the sulfur-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 Torr.

The sulfuf;containing gas compfisés sulfur dioxide
(soz): éulfur-trioxide_(sog)) or a mixture of su;ﬁur dioxide
.and sulfur trioxide. The second sidewall passivation layer
98 formed'by thé.sulfating or.sulfonating réactioﬁnhas.a
thickness of between about 5 Angstroms.and 100 Ahgstroms.
The;present invention forms the second sidewall passivation
léyer 98 ét a ;eléﬁi;ely low temperature,__The_novel
approach of the present inventioh forms the advantageous

second sidewall passivation layer 98 without any additional

processing steps:

As a further alternative, oxygen gas may be added %o

the sulfur-containing gas in the same reaction chamber
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conditions, with or without plasma generation. In this

case, the ratio of the flow rate of oxygen to the flow rate

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

1:1.

Yet another alternative is to sequentially etch, first

with the sulfur—cdntaining gas, and then with oxygen
plasma. In this alternative, the sulfur-containing gas
- radicals passiVate_the-sideWalls]of,the dielectric layer 70

to form the second passivation layer 98 while partially

. stripping the second photoresist layer 94 and the optional

BARC layer. The second passivation layer 98, along with
the previously formed passivation layer 82, thus formed,
prevent the oxygen plasma radicals from'attacking the first

and second low dielectric constant layers 62 and 70.

The bowing problem ié-ggain:prevented while the
anisotropic gtching'profile is maintained. 1In addition,
-the éeconé-Siaeﬁall p;s$ivétion layer 99 can trap copper
and copper compounds that may be'éputtered during the

subsequent etch through of the first passivation layer 58.

Finally, via poisoning problems are prevented by the

presence of the second sidewall passivation layer 98.
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Referring now to Fig.llé,_the first passivat;on-layef-
58 is etched thro;gh to eXpose"the.underlying copper.
co;dﬁctors 54. During the-etchiné prqcess, some of the
cobpe; or'coppe; compounds may be_ﬁputtered 102 onto the
sidewailé.and poésibly thé topfof'the cappihg ;ayer 74 and

the optional etch stop laYer 66. In the’prio:.art, the

-coppér ions would typicaily_diffuse into the low dielectric _

constant iayers 62 and.70. In the present invenﬁibn,
however,lthe presén¢e of the first sidewall paésivaéiod
layér 82 and thé second sidewall_passivatipn lé&er 98 .
prevents copper diffusion by trappingtthe coppei ions.

Referring now té_Eig. 13, the dual damascene
_interconnects'éfe cohpleted. A barri;r ﬁetéi“layéﬁ 104 is
deposited through Vapbr depoéition-overlying the first
sidewall passivétion layer 82, the éecond sidewall
pa$sivation layer 98.and the optional etch stop layer 66._
and thereb? iining the trenches. A copper layer 106 is
depdéitéd o?erlYing the Earri;rhmetal layer.i04“éna filling

the via and intérconnect openings. This barrier metal layer

104 would comprise, for example, tantalum nitride,

'tantalum, tungsten nitride, or titanium nitride. The
copper .layer 106 is deposited by vapor deposition and

electroplating and is then polished down to the top surface
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of the capping layer”74 to complete the dual damascene
interconnects in the manufacture of the integréted circuit
_”deviceQ_ The pdlishing down'pr6cess would_qomprise a
chemical meéhanical polishing (CMP) process. The capping'
layer 74.éerves-as'a polishing stop.

As shown in the preferréd embodiﬁent, the preéent
_invention'érovides a very.manufacturable pfocess for
forming single_or_dﬁal damascene interconneéts; The novel
forﬁation of a sulfuchoﬂtaininé sidewall passivation on
the sidewalls:df the damascene openings prevents bowing and
via poisoning due to the:qugen plasma proceéé used_to
strip phoﬁoresiSt. The m;thod creates this sidewall
passivéfion by ﬁsing a sulfur-containing gés to strip
photoresist. - No additional processing stéps are therefére

required,

While the invention has been particularly shown, and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the ar£

that various changes in 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
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that are to numerous_to cite. For example, the approach of
the present invéﬁtion ﬁéy be extended and applied to. the
éorﬁation-of triplgfleye}, 9;,gpgatgr, damascene structures
withéut departing from the spirit and scope of the
invéntién..

Furthermore) thé dual damascene structure that is
'illﬁstrated herein ié forﬁéd_“via'fifét.”_The étructuré can
also be formed ftrench first” or by.using a‘“self—éligned
_via”'téchnique or'by another well;known tecﬁnique of the
art without departihg from the scope and spirit{

What is claimed is::

27



R

1. A method to'form_damascene:interconnects in the
manufacturé-of an in;egrated:circuit dévice comprising:-—

providing coppe;nqonductérs overlyipg a semiconductor
"substrate} |

providing a first passivatioh léyer o&erlying said
cgpper.conductofs}

depositing a iéw dielecﬁric constant layer oVerlyiﬁg
_séid first passivation'layer}

depositiné a photdresist.iayer'évérlyihg said low
dielectric constant.léyer;

- patterning said photoresist layér”to'férm a via @ask:

thereafter etching through said low dielectric
constant layér,to form.said via-oﬁenings;.

simultaneously stripping away'saiq photdresist layer
and forminé a'sidewall bassivation layer.on the sidewalls- 
of said via openings by using a sulfur—contéiﬁing gas;

etching through said first passivation layer to exposé
'underlying:said copper'cqﬁduétors;
depositing a barrief metal layer overlying said first

passivation layer and filliﬁg éaiq via openings;

layer and filling said via openings; and
polishing down said copper layér to complete. said

damascene interconnects in the manufacture of the
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integrated circuit device.

2. The method according to.Claim 1 wherein said .damascene.
interconnects comprises one of the group of: single

damascene interconnects and dual damascene interconnects. .

3. The method accordiné-to Claim 1 wherein said low
dielectric constant layer comprises one of.the group  of:
‘porous organic materials,-nonfporoué organic ﬁéferials;
poroué'fluorinated'organic materials, ndn—porous--.
fluorinated organic materials; porous carbon—doped.silicon'
dioxide, dbﬁ~porous carbon-dopéd.silicon dioxide, porous
' hydrbgen-doped siliqon'dioxide,-and non?porogs hydrogené

doped silicon dioxide.

4. The method according to Claim 1 wherein said first
passivation layer comprises one of the group of silicon

“nitride, silicon oxynitride, BLok by Applied Material,

silicon carbide, and boron nitride.

5. The method according to Claim 1 further comprising ... ____._._.

depositing a capping layer after said step of depositing a
low dielectric constant layer and prior to said step of

depositing a photoresist layer wherein said capping
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layer comprise3.one.of the groﬁp'of:'silicon nitride, .

silicon oxynitride, and silicon carbide.

6. The method acco;ding'to Claim 1 wherein said
sulfur-containing gas comprises one of the group of: sulfur
dioxide, sulfur trioxide, and a mixture of sulfur dioxide

and sulfur trioxide.

7. The method accordiﬁé to Claim I'Wherein said step of
simultaheously strippihg aw§y'said phbtoresist layer is

pérformed without"é plasm; at a:températuré of betwéen_-
about 20 degrees C and 300 degrees C and a préssure bff'

between about 0.1 Torr and 760 Torr.

8. The methodlaCCordiﬁg to Claim_7'further c&mprising'adding
oxyéen gas to Said'ﬁulfur-containing gas wherein the ratio
of the flow rate of_said §xygen gas tb-the;flow rate of
-said sulfur-containing gas is between ébout'l:1000 and

1:1.

simultaneously stripping away said photoresist layer is

performed with a plasma wherein said plasma is generated at

a temperature of between about 20 degrees C and 300 degrees
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C, a pressure of between about 0.01 Torr and 20 Torr, and

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

10. The method according'to Claim 9 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.

11. A method to form damascene interconnects in the
~manufacture of an.integrafed circuit dévice”comprising;-

providing_cbpper conductofs Qverlying a_semiconduétor
subserate; | |

providing a fifst passivation layer overlying said
copper conductofs; | |

'depositing a low dielectric constant iayer overlving
said ﬁirst passivation layer:; |

depositing a.caéping léfer_pverlying said low .

dielectric constant layer:;

depositing a photoresist layer overlying said capping

Jlayer: -
‘patterning said photoresist layer to form a wia mask;
thereafter etching through said capping layer and said

low dielectric constant layer to form said via openings;
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simultanedusly.stripping_away said photoresist layer
and forming a sidewall passivagion layer oﬁ éhe sidewalls
of said via openings by using a sulfur-containing gas.
wherein said sulfurrcénfaining gas coﬁprises one of the
~ group of: sﬁlfur.dioxiae,_sulfur triéxide, and a mixture of.
sulfur dioxide and sulfur.trioxide;

etchiﬁg through said first'passivétion layer to exbose
undérlying_said eéppér conductors; |

depositing a barrier ﬁetal layer overlying said .
capping layer and lining said via openings:;

depositing'a copper layer overlying said barrier metai
.layer and-filling.said via openings; and

polishing'down-said copper layer to complete said

damascene interconnects in the manufacture of the

integrated circuit device.

12. The method according-ﬁq Claim 11 wherein said damascene

"interconnects comprises one of the group of: single

damascene interconnects and dual damascene interconnects.

13. The method according to Claim 11 wherein said low o
dielectric constant layer comprises one of the group of:

- porous organic materials, non-porous organic materials,

porous fluorinated organic materials, non-porous
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fluoriﬁated oréaﬁic materials, porous carbon-doped silicon
dioxide, non-porous carbgn-doped silicon dioxide, porous
hydrogen—doped silicon dibxide; and non-porous hydrogen-
doped silicon dioxide. |

14. The method according tolc;éim 11 wherein said first
passivation layer comprises one_of the groupiof siliégn;
nitride{ siiicon oxynitride, BLok by Appliéd Materiélf

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 method according t5 Claim 11 whereih_éaid step of
simultaneously stripping away said photbresist layer is
performed without a plasma_at'a'temperature of between

. about 20 degrees C and 300 degrees C and a pressure of

petween about 0.1 Torr and 760 Torr.

17. The method according to Claim lé further comprising

gdding 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

W
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18. The method according to Claim 11 wherein said step of
simultaneously stripping away said photoresist layér-is_
performed with a plasma wherein said plasma is generated at

a temperature of between about 20 degrees C and 300 degrees

- C, a pressure of between about 0.01 Torr and'ZO'Torr,'and"

an energy of between abbut 100 Watts and'5,000'Watts.

19. The method according to Claim 18 further comprising
adding oxygen gas to said_sulfu;fcontaining gas Qherein the
ratio of the flow rate of Saiq_oxygen.gas to the flow rate
of said sulfur—containing gas i; bet&een about 1:1000 and

1:1. - B : _ _ '_ o

2Q. A method to form'duai damascene intérconnects in the

manufacture of an integratéd cifcuit device comprising:
providing copper conductors'oveflying a.semiconductor

sﬁbstfate; B |

providing .a first passivation layér overiying said

"copper conductors;

mﬂwuwmdéggggfiﬁémé‘first low diélectric constant layer

- overlying said first passivation layer;

depositing a second low dielectric constant layer
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overlying said first low dielectric constant layer;

depositing a first photoresist layer overlying said
second low dielectric constanﬁ layer; . -. -

patterhing-said_first phétoresiSt layer to foim a via
mask:; ) |

thereafter etching through said second low'dieléétric
constant layer and said firSt low dielectric constant léyer
to form via openings;‘

simultaneously3étripping away séid first photcreéist
layer aﬁdlforming.a'first sidewall'passivation layer on the
sidewalls of said via opeﬁings by using a éulfur—containing
gas; |

thereafter depositing a second photoresist layer'
overiying-éaid second %ow_dielectric constaht-layer#

pattérning said seqond'phdtoresist_layer to form an
interconnectﬂmask}

thereafter etéhing th:§u§h said second low dielectric
"constant layer ﬁo form'intercoﬁnect openings;
simgltaneéusly sﬁripping away said second photéresist

layer and forming a second -sidewall passivation layer on

said sidewalls of said via openings and on the sidewalls of

said interconnect openings by using a sulfur-containing

© gas;

etching through said first passivation layer to expose
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underlying said copper conductors;

depositing a barrier metélhlayer overlying said
_capping_layer and lining said via. openings;

depositihg-a copper layer overlying said barrier metal
layer aﬁd-filling'said iﬁterconnect openings and said vi;
opénings; and ' )

_pdlishing down said cépper_layér to complete said aual;
damascene interconnects in the manufacture'éf the

integrated circuit device.

21. The method according to Claim 20 wherein said first low
dielectric constant layer comprises one of -the group of:

porous organiélmateriéls, non-porous organic materials,
porous fluorinatédloréanic materials, non-porous
fluorinated organic materials,_porbus carbon?doped silicon
dioxide, ndn—pdrous carbon—dopéd silicon diéxide, porous

hydrogen-doped silicon dioxide, and non-porous hydrogen-

"doped silicon dioxide.

22, The method-according to Claim 20 wherein said second

low dielectric constant layer comprises one of the group
of: porous organic materials, non-porous organic materials,

porous fluorinated organic materials, .non-porous



'sulfur-containing gas comprises one of the group of: sulfur.
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fluorinated organié'materials,.porous cérbon—doped silicon
dioxidg, non-porous c;rboh—dopedig;licon dioxide, po:pus
hydrogen—doped silicon ?iqx;de,;and non—pOrous_hydrogen-
'doped silicon dioxide. |

23. The hethod_accofdiﬁg'to Claim 20 wherein séid first
passivation layer.compriseé one of the group“of.siliéoﬂ
nitride,.silicon oxynitride,’BLQk by Aéplied Material,

-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 fo Claiﬁ 20 furthef comprising
depositing é cappiné layef_overlying said second low
-dielecétric constént layer prior to .said step of depositing
éaid'first“photdfesist:layef. - -

26. The-methqd according to Claim 20 wherein said

+ dioxide, sulfur trioxide, and a mixture of sulfur dioxide

and sulfur trioxide.
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27. Thé méthoa éccording to Ciaim 20 wherein said'step of
éimultaneously stripping away séid photoresist layer is
perforﬁéd witﬂout a plasma at an;emperatu:e.of between
about 20 degrees C and 300'degtees C and a preésure of

between about 0.1 Torr and 760 Torr.

28. The method according to Ciaim 21 further comprising
adding oxygén gas to said sulfur—cbntaiﬁing gaé wherein thé
'_ratio of_ﬁhe flow raté of said oxygen gaslto the floﬁ_;ate.
of said sulfur-containing gas is between about.1:1000 and
1:.1.

29. The method_according to Claim 20 wherein said sfep'of

: simultaneously stripping aWay said'photoresist layer is
performed with a_plasma wherein said plasma is generated ét'
a temperature of betwéen about 20 dégreés C and 300 degrees
-C; a ﬁressure of between about 0.01 Torr and 20 Torr, and
an ehefgy éf between Abouﬁ'lbO-Watts and 5,000 Watts.

- 30. The method according to Claim 21 further comprising

adding oxygen gas to said sulfur-containing gas wherein the

ratid of the flow rate of said oxygen gas to the flow rate -

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