1PAST oy
;PLASNA TREATMENT TO ENHANCE | NORGANI C DI ELECTRI C ADHESI ON TO COPPER e
"DESCRI PTION Field of the Invention The present invention relates to
i nt erconnect sem conductor structures and, in particular to a nethod for
i nprovi ng the adhesion of an inorganic barrier filmsuch as Si[err]3Nerr]
to the copper lines or vias of such interconnect structures. The term
"interconnect structure" is used broadly. herein to include any -

sem conduct or struct upgaWith ChrERGANNSTEORRBANCHA! €6RCAREE netal | urgi es.
Thus, the present inventigiztsc2RPE! BREST ﬁrTgsﬁongganascene structures
and o0

(single and dual), nenory ce capacltor er wring applications for
| ogi ¢, nmenory and input/output applications. Background of the Tnvention In

t he sem conductor industry, alumnuy nd a& glnun1alloys have been used as
the traditional interconnect netalpgkégég————V%|le al um num based

nmet al | urgi es have been the material of choice for use as netal

Field of the Invention

The present invention relates to interconnect
semiconductor structﬁres and, in particular to a
method for improving the adhesion of an inorganic
barrier film such as Si;N, to the copper lines or vias
of such interconnect structures. The term
“interconnect structure” is used broadly herein to
include any semiconductor strucﬁure which contains
copper interconnect metallurgies. Thus, the present
invention is applicable for use in damascene
struétures (single and dual), memory cell capacitors
and other wiring applications for logic, memory and

input/output applications.

Backaground of the Invention

In the semiconductor industry, aluminum and aluminum
alloys have been used as the traditional interconnect
metallurgies. While aluminum~based metallurgies have
been the material of choice for use as metal

interconnects over the past years, concern now exists
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i nterconnects over the past years, concern now exists -2- as to whether
alumnumwi |l neet the demands required as circuit density and speeds for
sem conduct or devices increase. Because of these growi ng concerns, other
mat eri al s have been investigated as possible replacenents for

al um num based netal | urgi es. One highly advantageous material now bei ng
considered as a potential replacement fér aluminumnmetallurgies is copper.
This is because copper exhibits a | ower susceptibility to electrom gration
failure as conpared to alumnumas well as a lower resistivity. Despite

t hese advant ages, copper readily diffuses into the surrounding dielectric
mat eri al duri ng subsequent processing steps. To inhibit the diffusion of
copper, coppes kbt @heeneectd varievaf tarl 1t intes capperdnsinds agenatecti ve

barrier layer. One nethod of capping involves the use of a conductive
barri er |aye§sop1rcu1t density and speeds for semiconductor
devices increase. Because of these growing .concerns,
other materials have been investigated as possible
replacements for aluminum-based metallurgies.
One highly advantageous material now being considered
as a potential replacement for aluminum metallurgies
is copper. This is because copper exhibits a lower

susceptibility to electromigration failure as compared

to aluminum as well as a lower resistivity.

Despite these advantages, copper readily diffuses into
the surrounding dielectric material during subsequent
processing steps. To inhibit the diffusion of copper,
copper interconnects are often times capped with a
protective barrier layer. One method of capping
involves the use of a conductive barrier layer of
tantalum or titanium, in pure or alloy form, along the
sidewalls and bottom of the copper interconnection.

To cap the upper surface of the copper
interconnection, a dielectric material such as silicon

nitride, Si;N,, is typically employed.

Due to the need for low temperature processing after

copper deposition, the silicon nitride layer is



tantalumor titanium in pure or alloy form along the sidewalls and bottom
of the copper interconnection. To cap the upper surface of the copper

i nterconnection, a dielectric material such as silicon nitride,
Si[err]NJerr], is typically enployed. Due to the need for |ow tenperature
processing after copper deposition, the silicon nitride layer is - 3-
deposited at tenperatures bel ow 450[ ert3C. Accordingly, siliconm nitride
deposition is typically performed using plasma enhanced chem cal vapor
deposition (PECVD) or high density plasma chem cal vapor deposition

(HDPCVD) wherein the deposition tenperature generally ranges from about
200[err] to about 500[err]C. PECVD and HDPCVD silicon nitride has been used

for many ot hgspepptégait OnSmpOrSERTEONBHTHRI 4 6l@YE Ce ABFuF@CA ¢y ng. However,
inusing a silicon nitride cap for copper interconnects, conventional PECVD
or silicon nitride depositicn is typically performed

using plasma enhanced chemical vapor deposition

(PECVD) or high density plasma chemical vapor

deposition (HDPCVD) wherein the deposition temperature

generally ranges from about 200° to about 500°C.

PECVD and HDPCVD silicon nitride has been used for
many other applications in semiconductor device
manufacturing. However, in using a silicon nitride
cap for copper interconnects, conventional PECVD or
HDPCVD silicon nitride creates reliability problems.
In particular, silicon nitride films deposited using
conventional PECVD or HDPCVD processés generally
exhibit poor adhesion to the copper surfabe. For
instance, some nitride films delaminate and form
blisters over patterned copper lines, particularly
during subsequent dielectric depositions,

metallizatioh, and chemical-mechanical polishing.

These results are indicative of how the silicon
nitride film might adhere to the copper in actual
fabrication processes. AZter being deposited onto
copper metallurgy, additional inéulating layers

generally will be depositz=d over the silicon nitride



HDPCVD silicon nitride creates reliability problens. In particular, silicon
nitride filnms deposited using conventional PECVD or HDPCVD processes
general ly exhi bit poor adhesion to the copper surface. For instance, sone
nitride filns delam nate and formblisters over patterned copper |ines,
particularly during subsequent dielectric depositions, netallization, and
chem cal - mechani cal polishing. These re$ults are indicative of how the
silicon nitride filmm ght adhere to the copper in actual fabrication
processes. After being deposited onto copper netallurgy, additional
insulating |ayers generally will be deposited over the silicon nitride
film However, subsequent deposition of insulating |ayers onto the nitride
filmw |l prbillme sHoessewhi shbsagqueatisdepheisibncoli nntuilaéihigl mto peel

e Dt e h” L AEE P A, AT D L300 SRYEL st romhie
can cause the silicon nitride film to peel from the
copper surface. This delamination results in several
catastrophic failure mechanisms including: 1lifting
intermetal dielectrics, lifting copper lines, and
copper diffusion from uncapped copper lines. Such
results are geﬁerally seen in dual damascene
processing whereiﬁ'delamination of the silicon nitride

.RIE stop layer generally occurs during copper chemical

mechanical polishing (CMP).

Prior art nitride to copper adhesion requires
siliciding the copper surface by reacting it with
silicon. This prior art method has two drawbacks:
increases the copper sheet resistance due to silicon
reacting with copper and diffusion therein:; and
marginal nitride to copper adhesion due to incomplete

or partial copper silicilde formation.

In view of the drawbacks mentioned with prior art
copper interconnect structures, there is a continued
need to develop a new process of facilitating the

adhesion of an inorganic barrier film to copper



internetal dielectrics, lifting copper |ines, and copper diffusion from
uncapped copper lines. Such results are generally seen in dual damascene
processi ng wherein delam nation of the silicon nitride RIE stop | ayer

general |y occurs during copper chenical mechanical polishf¥ ee ged
art nitride to copper adhesion requires_.siliciding the cop l l
reacting it with silicon. This prior art nethod has two dr

i ncreases the copper sheet resistance due to silicon reacting mnth copper
and diffusion therein; and nmarginal nitride to copper adhesion due to
inconplete or partial copper silicide formation. In view of the drawbacks
mentioned with prior art copper interconnect structures, there is a

conti nued neédrfécéév@héﬁhaaﬁéwpgﬁééessCoflﬂé@rh@m@ﬁﬁﬁg t he adhesi on of an
i norgani ¢ bagg ehﬁEOBdhgkgg %%Qg%tures

Summary of the Invention

One object of the present invention is to provide a
method of improving the adhesion of an inorganic
deposited barrier film to a copper surface of an

interconnect structure.

Another object of the present invention is to provide
a method whereby the deposited inorganic barrier film
does not delaminate from a copper surface of an

interconnect structure during subseguent interconnect

processing steps.

A further object of the present invention is to
provide a method which can be used in dual damascene
processing to improve the adhesion of a SisN, etch stop

layer to copper wiring or covper vias.

These and other objects and zadvantages can be achieved
in the present invention by utilizing a method which
includes a step of exposing z layer of copper in an

interconnect semiconductcr structure to a reducing

THIS SHEET HAS BEEN
REPLACED




surfaces which are present on interconnect sem conductor structures.
Summary of the Invention According to a first aspect of the invention there
is provided a method of facilitating the adhesion of ap.ig LG RRRLdeh er

. . ! af
filmformed on an copper interconnect structure, said ng the
steps of: (a) exposi ng an interconnect sem conductor ﬁ mmgamw ni ng
at least a |l ayer of copper to a reduciﬁé‘plasna; and (b

inorganic barrier filmon said plasnma exposed copper interconnect

structure, wherein said exposing step inproves the adhesion of said
inorganic barrier filmto a copper surface of said copper interconnect
structure. In accordance with the nethod of the present invention, the
exposure steplasheppfapr ite carmied awnt inbrgapliasarcdrpr ifdilmgoat | east one

non-oxidizing gas selected fromthe %roup consisting of H.err], Nerr],
NH err], nobFBSgSSBECSudRTEECABNCRE, SATUCKHICandMRER SRECHIRCEMNEY t her eof

I't is noted that mExhdhZbRI+aBbLeRLR RN € ne%elyded fhamht hepRbeeent invention
since they may cause the copper present in the interconnect structure to

oxi di ze and weekenhehéoni ofi da anorbhendspgepoisited hegrisyi tfdBime on

i nterconnect structures that are contenplated.in.the present invention

i ncl ude, butcipggﬁo uF?ﬁFFSdO o?nnéﬁ%Fg%8&PFC%aS&&FF%5§%rnc|uding pl at e
capacitors, ebapricapathkoksepst agk capacitors and other |ike capacitors,
damascene structures including single and dual; nultiple wiring |levels
containing a plurality of vias and netal |ines; and other |ike interconnect

structures. (5) exposing an interconnect semiconductor structure
containing at least a layer of copper to a reducing

plasma; and

(b) forming an. inorganic barrier film on said plasma

exposed copper interconnect structure.

In accordance with the method of the present
invention, the exposure step, step (a), is carried out
in a plasma comprising at least one non~oxidizing gas
selected from the group consisting of H,, N,, NHj,
noble gases such as He, Ne, Ar, Kr and Xe, and
mixtures thereof. It is noted that oxidizing ambients
are excluded from the present invention since the may
cause the copper present in the interconnect structure
to oxidize and weaken the nitride at the copper.

interface.
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REPLACEMENT SHEET -6- One advantage of the foregoing is to provide a
nmet hod of 1nproving the adhesi on of an inorganic deposited barrier filmto
a copper surface of an interconnect structure. Another advantage of the
foregoing is to provide a nethod whereby the deposited rn@mg@@n@;@@@&*@&d
filmdoes not delam nate froma copper surface of an inte ;
during subsequent interconnect processi ﬁg steps. A furthe m"
provi de a nmethod which can be used in dual damascene proc

the adhesion of a Si[err]Nerr] etch stop |layer to copper wring or copper
vias. Brief Description of the Drawi ngs The sole figure is a
cross-sectional viewof a typically dual danmascene structure which can be
enpl oyed in Bh&tameseﬁmﬂerummmamtzﬂnruduureﬂﬂﬂhaﬂeatd(tdduemﬁjﬁﬁ&dexposure

step prior tqQ deposition of the inorganic barrier |aye -7- Detailed
Descri ption af gﬁg pﬁ@@ﬁpﬁoﬁnventlon include, but a e not limitec

to: memory cell capacitors including plate

capacitors, crown capacitors, stack capacitors and
other like capacitors; damascene structures including
single and dual; multiple wiring levels containing a
plurality of vias and metal lines; and other like

interconnect structures.

Brief Description of the Drawings

The sole figure is a cross-sectional view of a
typically dual damascene structure which can be
employed in the present invention and thus.-subjected
to the plasma exposure step prior to deposition of the

inorganic barrier layer.

Detailed Description of the Invention

The present invention, which relates to a method of
improving the adhesion of an inorganic deposited
barrier film on copper surfaces present in
interconnect semiconductor structures, will now be
described in greater detail by reference to the sole

figure which accompanies this specification. It is
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The present invention, which relates to a nmethod of inproving the adhesion
of an inorganic deposited barrier filmon copper surfaces present in

i nt erconnect sem conductor structures, will now be described in greater
detail by reference to the sole figure which acconpanies this
specification. It is enphasi zed that while the present invention
illustrates only a dual damascene struct®re, it is neverthel ess applicable
for all interconnect sem conductor structures which contain copper

metal | urgy and use an inorganic deposited barrier filmsuch as SiC or
Si[err]NJerr] as a protective barrier or as an etch stop layer. Referring
to the sole figure present in the application, the sole figure shows a

typical dual Ldasmescensd stHake il ahiicd sadsder subjectashto the nmet hod of
the present invention. Specifically, the dual damascene structure conprises
a | ower i nteridonheciaies bnhy amiah dPpRIcemt of tonmieeted ebel132. Each

level includes, @ Vi f&QL A dfh @h & FBFal11 interconnect

semiconductor structures which contain copper
metallurgy and use an inorganic deposited barrier film
. such as SiC or Si;N, as a protective barrier or as an

etch stop layer.

Referring to the sole figure present in the
application, the sole figure shows a typical dual
damascene structure which can be subjected to the
method of the present invention. Specifically, the
dual damascene structure comprises a lower
interconnect level 10 and an upper interconnect level
12. Each level includes a via region 14 and a metal
line or wiring region 16. Lower interconnect level 10
includes dielectric 18 having an opening or trench
therein that is filled with copper 20. On top of
lower interconnect level 10 is an upper interconnect
level 12 which includes dielectric 22 having a trench
region exposing the copper wiring of the lower
interconnect level. The trench region of upper
interconnect level 12 is filled with copper 20,.

Between each interconnect level is an inorganic



line or. wring region 16. Lower interconnect |evel 10 includes dielectric
18 having an opening or trench therein that is filled with copper 20. On
top of lower interconnect level 10 is an upper interconnect |evel 12 which
i ncludes dielectric 22 having a trench regi on exposing the copper w ring of
the | ower interconnect |evel. The trench region of upper interconnect |evel
12-is filled with copper 20. Between eagh interconnect |level is an

i norganic -9- barrier |ayer 24 which serves as a RIE stop |layer, a
protective barrier layer or both. The dual damascene structure shown in the
figure is fabricated utilizing conventional damascene processing steps wel |
known to those skilled in the art except that before formng barrier |ayer

24, the intepgopnget 18LEHCHUr GnliSnexpesed kQ EhQIEE%EQQ ot ykhe present
invention which will be described in greater detail

protective barrier layer or both.

The dual damascene structure shown in the figure is
fabricated utilizing conventional damascene processing
steps well known to those skilled in the art except
that before forming barrier layer 24, the interconnect
structure is exposed to the method of the present
invention which will be desc;ibed in greater detail

hereinbelow.

Dielectric layers 18 and 22 may be the same or
different insulative inorganic or organic material.
Suitable dielectrics include, but are not limited to:
Si0,, fluorinated Si0,, SisN,, polyimides, diamond,
diamond-1like carbon, silicon polymers, paralyne
polymers, fluorinated diamond-like carbon and other
like dielectric compounds. Of these dielectric
materials, it is preferred that layers 18 and 22 be
composed of Si0,. The dielectric layers may be doped
or undoped. When doped, the dopant may be boron,
fluorine, phosphorus, deutrium, silicon, Ge or another

like dopant.



hereinbelow. Dielectric layers 18 and 22 may be the sane or different
i norganic or organic material. Suitable dielectrics include,

i nsul ati ve

are not limted to: Sigerr], fluorinated Sierr], Si[err]Nerr],

pol yi m des,

conpounds.

and 22 be conposed of Sierr].

di anond, di anond-1i ke carbon, silicon polyners, paral yne
pol yners, fluorinated dianond-|ike carbon and ot her

undoped. Wen doped, the dopant may be boron, fluorine, phosphorus,
deutrium silicon, Ge or another |ike dopant. -10- Barrier layer 24 is

an i norgani

c material which serves as a RIE stop layer for the vias or,
when presenteas itdie 1Qufar mosti d ayeri rd e Strded tH£1 @%idh PSOL-REE i ve

barrier layer. Suitable materials for barrier |ayer

as a RIE stop layer for the vias or, when present as

the outermost layer of the structure, as a protective
barrier layer. Suitable materials for barrier layer

24 include, but are not limited to: Si;N,, SiC,

hydrogenated Si;N, and hydrogenated SiC. Of these

" materials, it is preferred to use the hydrogenated

forms of Si;N, or SiC in the present invention as the
barrier layer. An optional RIE stop layer may also be
inserted between metal lines 16 and vias 14 (this

embodiment is not shown in the drawing).

Barrier layer 24 is formed utilizing conventional
vapor deposition techniques including, but not limited
to: chemical vapor deposition, low pressure chemical
vapor deposition, high pressure chemical vapor
deposition, high density plasma chemical vapor
deposition, plasma enhanced chemical vapor deposition
and other like vapor deposition techniques. Of these
deposition techniqués, plasma enhanced chemical wvapor
depcsition (PECVD) and high density plasma chemical
vapor deposition (HDPCVD) are preferred means for

depositing the barrier layer.

i ke dielectric
O these dielectric material8; it is preferred that |ayers 18
The dielectric |layers may be doped or

but



24 incl ude,

deposi tion,

deposi tion (PECVD) "and hi gh

but are not limted to: Si[err]Nerr], SiC hydrogenated

SiJ[err]NJerr] and hydrogenated SIiIC. O these materials, it is preferred to
use the hydrogenated fornms of Si[err]Nerr] or SiCin the present
as the barrier layer. An optional RIE stop |ayer may al so be inserted
between netal lines 16 and vias 14 (this enbodi nent is not shown
drawing). Barrier layer 24 is formed +ilti4i zing conventional vapor
deposition techniques including, but not limted to: chem cal vapor

| ow pressure chem cal vapor deposition, high pressure chem cal
vapor deposition, high density plasma chem cal vapor deposition,
enhanced chem cal vapor deposition and other |ike vapor deposition

t echni ques. 16X M%%ﬁ%%ﬂa&g&é&%&% RlASB ephanced chen

nsit asma chem cal vapor deposit

(HDPCVD) ar etpneftermeedhmeans if ahedepesiiiong st heeljaas emyl aferthe

other contemplated copper interconnect structures are
fabricated using techniques well known to those
skilled in the art. Since such techniques are well
known and are not critical for understanding the
present invention, a detailed discussion of the same
is not given herein. The only difference in
fabricating the interconnect structure of the present
invention and prior art interconnect structures is
that prior to depositing inorganic barrier layer 24,
the copper interconnect structure is subjected to a
reducing plasma under the conditions defined

hereinbelow.

Specifically, the reducing plasma employed in the
present invention is any plasma ambient which is non-
oxidizing, i.e. it contains no oxygen atom. Suitable
reducing plasmas that can be employed in the present

invention include, but are not limited to: H,, N,, NH,

i nvention

in the

pl asma

cal vapor
ion

and noble gases. Combinations of two or more of these

reducing plasmas such as N, and H, are also
contemplated herein. Of these reducing plasmas, - H,

and NH; are highly preferred in the present invention.



It is.again enphasized that the dual damascene structure shown in the
~drawi ng as well as any of the other contenpl ated copper interconnect
structures are fabricated using techniques well known to those skilled in
the art. Since such techniques are well known and are not critical for
under standi ng the present invention, a detailed discussion of the sanme is
not given herein. The only differenceldr fabricating the interconnect
structure of the present invention and prior art interconnect structures is
that prior to depositing inorganic barrier |ayer 24, the copper
i nterconnect structure is subjected to a reducing plasm under the
condi tions defined hereinbelow. Specifically, the reducing plasma enpl oyed

in the present rBMEBEHENPILSsARY eRbASIRcABREPND fWRhEh pires@@m- oXi di zi ng,
i.e. it contains no oxygen atom Suitable reducing plasmas that can be

enpl oyed i nipwWenpieseas pﬁﬁéﬁ?ﬁoﬁutnGMUéeCODNﬁnépénﬁétPﬂﬁﬁﬁ@ed to: Herr],
A B L A e
plasma gas. Spec1fically, the exposure step of the
present invention is carried out at a temperature of
from about 20° to about 600°C for a time period of
from about 1 to about 3600 seconds. Higher exposure
times greater than 3600 seconds are also contemplated
herein. More preferably, the exposure step of the
present invention is carried out at a temperature of
from about 360° to about 400°C for a time period of
from about 5 to about 30 seconds. Preferably, heating

is carried out in the presence of the reducing plasma.

Moreover, the exposure step of the present invention
is conducted at a pressure of from about 1 mTorr to
about 20 Torr, a power of from about 50 to about
10,000 watts, and a gas flow rate of from about 1 to
about 10,000 sccm. The exact conditions are dependent
on the type of deposition process utilized in forming
the barrier layer. For example, when high density
plasma chemical vapor deposition (HDPCVD) is employed,
the exposure step of the present invention is carried
out at a pressure of from about 3 to about 6 mTorr, a

power of from about 1500 to about 3000 watts, and a



.contenpl ated herein. O these reducing plasmas, H2 and NH3 are highly
preferred in the present invention. -12- The reducing plasna exposure
step of the present invention is carried out in a conventional plasna
deposition apparatus that is capable of generating a plasma gas.
Specifically, the exposure step of the present invention is carried out at
a tenperature of from about 20[err] t ¢ labout 600[err]C for a tine period of
fromabout 1 to about 3600 seconds. Hi gher exposure tines greater than 3600
seconds are al so contenpl ated herein. Mre preferably, the exposure step of
the present invention is carried out at a tenperature of from about 360 to
about 400[err]C for a tine period of fromabout 5 to about 30 seconds.
Preferably, beatfhgwi satarovifedromt abnuthéOptesaboatobot Becrnedudinng pl asma.

Mor eover, the exposure step of the_present _invention i.s conducted at a
pressure of EPg EBSEthinﬁgowpepoplgsma enhanced c emlcai vapor

(PECVD) is to be used, the exposure step of the
present invention is carried out at a pressure of from
about 2 to about 8 Torr, a power of from about 150 to
about 400 watts and a gas flow rate of from about 100
to about 2000 sccm.

It is noted that immediately after the exposure step
and without breaking the vacuum, the inorganic barrier
layer is formed thereon utilizing any of the above
mentioned deposition techniques. The method of the
present invention, particularly the reducing plasma
exposure step, provides a copper interconnect
structure wherein the inorganic barrier layer has
improved adhesion to the copper wire or via with no
increase in resistance than heretofore obtained with
prior art processes. Thus, since the adhesion is
improved utilizing the method of the present
invention, the copper interconnect structure thus
formed does not exhibit any delamination problems that
are normally encountered by prior art interconnect
structures during subsequent processing steps such as
chemical mechanical polishing. Mofeover, the

interconnect structures produced using the method of



about .20 Torr, a power of from about 50 to about 10,000 watts, and a gas
flowrate of fromabout 1 to about 10,000 sccm The exact conditions are
dependent on the type of deposition process utilized in formng the barrier
| ayer. For exanple, when high density plasnma chem cal vapor deposition
(HDPCVD) is enpl oyed, the exposure step of the present invention is carried
out at a pressure of fromabout 3 to &abfout 6 niforr, a power of from about
1500 to about 3000 watts, and a -13- gas flowrate of fromabout 10 to
about 50 sccm On the other hand, when plasnma enhanced chem cal vapor
(PECVD) is to be used, the exposure step of the present invention is
carried out at a pressure of fromabout 2 to about 8 Torr, a power of from

about 150 t @habeuts4dd watiehtdrth 2x@ddift awtkatee of nfor amcakeeide 1Q0 to about

2000 sccm It is noted that immediately after the exposure step
their resistance.

The following example is given to illustrate the scope
of the present invention. Because this example is
given for illustrative purposes only the invention

embodied therein should not be limited thereto.



.and wi thout breaking the vacuum the inorganic barrier layer is forned
thereon utilizing any of the above nentioned deposition techniques. The
met hod of the present invention, particularly the reducing plasm exposure
step, provides a copper interconnect structure wherein the inorganic
barrier layer has inproved adhesion to the copper wire or via with no
increase in resistance than heretoforeldbtained with prior art processes.
Thus, since the adhesion is inproved utilizing the method of the present
i nvention, the copper interconnect structure thus forned does not exhibit
any del am nation problens that are normally encountered by prior art
i nterconnect structures during subsequent processing steps such as chemn cal
mechani cal polishing. Mreover, the gxvgrgonnect structures produced using
t he met hod of -14- the present invention exhibit little or no increase
in

A series of experiments were performed on 200 mm Si

wafers containing copper lines damascened into Si0O, in

order to demonstrate the improved adhesion between an

inorganic wvapor deposition barrier layer and copper

wiring which was obtained utilizing the method of the

present invention. Specifically, dual damascene

structures were prepared utilizing standard damascene

processing conditions except that prior to depositing

Si;N, onto the copper wire of the dual damascene

structures, the surfaces were treated utilizing

different techniques including no treatment (CE1l):;

treatment in an oxidizing plasma gas ambient (CE2); or

treatment in a reducing plasma in accordance with the

method of the present invention. After treatment,

SisN, deposition, intermetal deposition and dual

damascene copper wire/via fabrication each structure

was optically examined for delamination. The results

of these experiments are summarized in Table 1 below

wherein substantially little or no delamination is

reported as good, i.e. the adhesion was improved, and

the term “poor” denotes substantially no adhesion. It

was also observed that the copper surfaces became more

reflective as the nitride adhesion improved.



their resistance. The followi ng exanple is given to illustrate the scope of
the present invention. Because this exanple is given for illustrative

pur poses only the invention enbodied therein should not be limted thereto.
-15- EXAMPLE A series of experinments were performed on 200 mm Si wafers
cont ai ni ng copper |ines danmascened into SiJerr] in order to denonstrate

t he i nproved adhesi on between an inorgdmi-c vapor deposition barrier |ayer
and copper w ring which was obtained utilizing the nethod of the present
invention. Specifically, dual damascene structures were prepared utilizing
standard damascene processing conditions except that prior to depositing

Si 3Nd onto the copper wire of the dual damascene structures, the surfaces

were treatedpbi LighB9,- 8501 €6eR LeE PN 9483 Lack ehag RpibeapMent (CEL):

adhesion of Si;N, barrier layer to copper can be
obtained by utilizing the reducing plasma exposure
step of the present invention. In comparative
examples (CEl and CE2) adhesion,was'poor and

delamination of the Si;N, deposited film was_ observed.



treatnment in an oxidizing plasma gas anbient (CE2);

reduci ng plasma in accordance with the nethod of the present
i nt er net al

After treatnment, Si[err]Nerr] deposition,

for delam nation. The r
1 bel ow wherei n substan
good, i.e. the adhesion
substantially no adhesi
becanme nore reflective
results clearly illustr
| ayer to copper can be
step of the present inv
adhesi on was poor and

Table 1

or treatnent in a
i nventi on.

depositi on and dual
damascene copper wire/via fabrication each structure was optically exam ned

asults of thesd’/experinents are summarized in Tabl e
ially[littlefor np.dellaginatioh is [reported as
was i nprpved, and| he|t@&rn "popr"” denot és
DIE 71t | wabk «al 30, oblsér ved; t hat, t he, capger | surf aces
hs, bhel| Ml | 7 dé ‘adhlesi on § npr Gved.* 2161 The above
nte St hat | Mpr dved adhesion of Si[®rriiRlefr] barrier
bbt @i ned by ut]i |izj By the rleducing pl asnmp exposure
ent fon] |'h corfpar ak i"ve | exanpl es | (CE]} and| CE2)
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delam nation of the Si[err]N err] deposited fil mwas observed. [err]

- 18 - [err] -19- Wiile this invention has been particularly shown and
described with respect to preferred enbodi ments thereof, it will be
understood by those skilled in the art that the foregoing and ot her changes
in formand details_mgy be nmade withoud8departing fromthe spirit and scope
of- the present inyentijon. '
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1. 'A nmethod of facilitating the adhesion of an inorganic barrier film
formed on an copper interconnect structure, said nethod conprising the
steps of: (a) exposi ng an interconnect sem conductor structure
containing at |east a |layer of copper to a reducing plasm; and (b)

formng an inorganic barrier filmon said plasm exposed copper

i nterconnect structure, wherein said é%ﬁ%éing step inproves the adhesion of
said inorganic barrier filmto a copper surface of said copper interconnect
structure. 2. The met hod of claim 1l wherein said exposure step is
carried out in a non-oxidizing plasma anbi ent selected fromthe group
consisting of Herr], Nerr], NHerr], noble gases and m xtures thereof 3.
The net hod ofthdlla mhd,s ilnereeitr osainc sndrearX ipdi 2 irngp I rdsmeshaorwin exrmtd | s H2.

4. The method qf C ai,m 2 wherein said non-oxjdizin | asma anbient is

NH err]. 5. desfrd Kod o eEP&Gh TavRReeiaT=es ¢ Step is carried
out at a tenpelaldde aft £1am dRoWL UL 1R, abde G8MaIdd G Qhe tine

period of from :
art that the foregoing and other changes in form and

details may be made without departing from the spirit

and scope of the present invention.



about 1 to about 3600 seconds or higher. 6. The nethod of Caimb5
wherein said exposure step is carried out at a tenperature of from about

360 to about 400[err]C for a tinme period of from about 5 ﬂﬂﬂ!ﬂ”ﬁljﬂ”” ”IlE'
seconds. 7. The nethod of Claim1 wherein said exposur

conducted at a pressure of from about nTorr to about 20 Torr a pbwef
from about 50 to about 10,000 watts, arfda gas flow rate of fron1about 1 to
about 10,000 sccm 8. The nethod of Claim1 wherein said exposure step
is carried out by high density plasma chem cal vapor deposition at a
pressure of fromabout 3 to about 6 mlorr, a power of from about 1500 to

about 3000 watts, and a gas flow rate of fromabout 10 to about 50 sccm
-22- 9. The method of C aim 1 wher@AIMS i d exposure step

Having thus described our invention what we claim as

new and desire to secure by the Letters Patent is:

1. A method of facilitating the adhesion of an
inorganic barrier film formed on a copper
interconnect structure, said method comprising

the steps of:

(a) exposing an interconnect semiconductor
structure containing at least a layer of copper

to a reducing plasma; and

(b) forming an inorganic barrier film on said

exposed copper - -interconnect structure

2. The method of Claim 1 wherein said exposure step
is carried out in a non-oxidizing plasma ambient
selected from the group consisting of H,, N,,

NH;, noble gases and mixtures thereof.

3. The method of Claim 2 wherein said non-oxidizing

plasma ambient is H,.
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is carried out by plasma enhanced chem cal vapor deposition at a pressure
of fromabout 2 to about 8 Torr, a power of from about 150 to 400 watts and
a gas flow rate of from about 100 to about 2000 sccm 10. | (gg|d 0 I
Claim 1 wherein said copper interconnect structure is a chpHkl %*ﬂ H
structure, a damascene structure or nultlple wiring |l evel s* cohtd1nwngsa *

plurality of vias and netal lines. 11.-21-The method of O aim 10 wherein
sai d copper interconnect structure is a single or dual damascene structure
contai ning copper lines and vias. 12. The met hod of Claim1l wherein said

inorganic barrier filmis formed in-situ utilizing a deposition process
sel ected fromthe group consisting of chem cal vapor deposition, |ow
pressure chemi.cal vYahpomedrpdsofi chaipl aswhaceshansaddchent-oaldyapat

deposition and high density plasma chem cal vapor deposition.
plasma ambient is NH,.

5. The method of Claim 1 wherein said exposure step
is carried out at a temperature of from about
20° to about 600°C for a time period of from
about 1 to about 3600 seconds or higher.

6. The method of Claim 5 wherein said exposure step
is carried out at a temperature of from about
360° to about 400°C for a time period of from

about 5 to about 30 seconds.

7. The method of Claim 1 wherein said expostire step
is conducted at a pressure of from about 1 mTorr
to about 20 Torr, a power of from about 50 to
about 10,000 watts, and a gas fliow rate of from
about 1 to about 10,000 sccm.

8. The method of Claim 1 wherein said exposure step
is carried out by high density plasmé chemical
vapor deposition at a pressure of from about 3
to about 6 mTorr, a power of from about 1500 to
about 3000 watts, and a gas flow rate of from

about 10 to about 50 sccm.



13.  The method of daim 12 wherein said inorganic barrier filmis formed
in-situ by plasma enhanced chem cal vapor deposition or ot Yok ma
chem cal vapor deposition. 14. The nethod of Claim1l mﬂhﬁ@%ﬁ@&i“@j‘j EE
inorganic barrier filmis conposed of Si[err]Nerr], SiC [
Si[err]N[err] or hydrogenated SiC. 15._,5 The nmethod of O aim 14 wherein
said inorganic barrier filmis hydrogenated Si[err]N err] or hydrogenated
SiC. 16. The met hod of Claim 1l wherein said interconnect structure
includes a dielectric material selected fromthe group consisting of
Sigerr], fluorinated Sigerr], Si[err]Nerr], polyimdes, dianond,

di anond-1i ke carbon, silicon polyners, paralyne polyners and fl uorinated
di anond-1i ke carbon. 17. The nethod of Claim 16 wherein said dielectric

material is § JerfhelfethodNerm@ihod of wihabihls¥hgr ekPosakd kaxgr of Cu

is carried out by plasma enhanced chemical wvapor

T

deposition at a pressure of from about 2 to
about 8 Torr, a power of from about 150 to 400
watts and a gas flow rate of from about 100 to
about 2000 sccm.

10. The method of Claim 1 wherein said copper
interconnect structure is a capacitor structure,
a damascene structure or multiple wiring levels

containing a plurality of vias and metal lines.

11. The method ¢©f Claim 10 wherein said copper
interconnect structure is a single or dual
damascene structure containing copper lines and

vias.

12. The method of Claim 1 wherein said inorganic
barrier film is formed in-situ utilizing a
deposition process selected from the group
consisting of chemical vapor deposition, low
pressure chemical vapor depcosition, plasma
enhanced chemical vapor deposition and high

density plasma chemical vapor deposition.



is fornmed inside a trench.

14.

15.

le6.

17.

18.

0 o
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The method of Claim 12 wherein said inorganic
barrier film is formed in-situ by plasma
enhanced chemical vapor deposition or high

density plasma chemical vapor deposition.

The method of Claim 1 wherein said inorganic
barrier film is composed of Si;N,, SiC,

hydrogenated Si;N, or hydrogenated SiC.

The method of Claim 14 wherein said inorganic
barrier film is hydrogenated Si;N, or

hydrogenated SiC.

The method of Claim 1 wherein said interconnect
structure includes a dielectric material
selected from the group consisting of SiO,,
fluorinated SiC,, Si;N,, polyimides, diamond,
diamond~like carbon, silicon polymers, paralyne

polymers and fluorinated diamond-like carbon.

The method of Claim 16 wherein said dielectric

material is Si0,.

The method of Claim 1 wherein said layer of Cu

is formed inside a trench.



