1 METHOD OF FORM NG COPPER | NTERCONNECTS FI ELD OF THE | NVENTI ON [ 0001] The
present invention relates to sem conductor fabrication techniques and
structures, and nore particularly to copper interconnects and net hods of
form ng the same. BACKGROUND OF THE | NVENTI ON [ 0002] Integrated circuits
formed on sem conductor substrates typically include several netal |ayers
that electrically interconnect the devices fornmed therein. The different
netal |ayers are separated by insulating |ayers known as interlevel (or
interlayer) dielectric |ayers (ILD) that have etched via holes (also known
as vias) therein to connect devices or active regions fromone |ayer of
netal to the next. [0003] Copper (Cu) interconnects are increasingly used
for high density devices because of copper's inproved conductivity
relative to conventional materials < he use of copper
as the int erconnectw i&f&gﬁ&ﬁ*ﬁ 2 %‘%‘m grobl ens. Fi rglto
there 1is currently no productlon morthy etch process for copper. The
damascene and dual danascene approaches have devel oped to address this

shortcom ng. A brief descript Eﬁﬁﬁascene process is provided
hereafter as described, for e?ﬁ%ﬂﬁén;fﬁEgﬁngA ent , 444,568 to
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layer of metal to the next,

[0003]  Copper (Cu) interconnects are increasingly used for high density devices because
of copper’s improved conductivity relative to conventional materials such as aluminum (AD.
The use of copper as the interconnect material presents various fabrication problems. First, there
is currently no production-worthy etch process for copper. The damascene and dual damascene
approaches have developed to address this shortcoming. A brief description of the dual '
damascene process is provided hereafter as described, for example, in U.S. Patent No. 6,444,568
to Sundarararjan et al., entitled “Method of Forming Copper Diffusion Barrier”, the entirety of

which is hereby incorporated herein by reference.

[0004] In the dual damascene process, an insulating layer is deposited over a copper
layer. The insulating layer is then patterned to form a two-step connection having a narrower
lower portion (referred to as a via portion) exposing selected connection areas on the underlying
patterned metal layer and a wider upper portion (referred to as a trench portion) that serves to
form the next layer of metal lines. The trench or the via portion can be formed first. Copper is
then deposited to fill the two-step connection. A top portion of the copper layer is then removed
using a chemical mechanical polishing (CMP) process. The resultant structure includes a via

(the copper filled via portion) that connects the underlying metal layer with an overlying copper




(the copper filled via portion) that connects the underlying netal |ayer
with an overlying copper 2 line (the copper filled trench portion). The
contacts fromthe first copper netal layer to the devices are usually nade
wi th Tungsten (W plugs. [0005] Wen copper is used for these

i nterconnects, the copper atons nust de prevented frommgrating or
diffusing into adjacent interlayer dielectric |ayers to prevent conproni se
of the integrity of the dielectric |ayers, particularly at | ow
tenperatures and under accelerated electric fields. Therefore, a
dielectric diffusion barrier (DDB) is typically formed between the top of
the copper netal tine or |Iayer and a subsequently deposited ILD to prevent
this mgration. Likew se, the copper netal |line may be encapsulated with a

di ffusiop barrier v - 1 td i r 1081 120585 sEet al

ai el oot r e g S e e R R cls T e T bORE i lphp s

Tant al ungeiuds dietuaiml lymmaae dvithlRingsten (W) plegs. conpounds, i.e., TaN and TiN, are
enpl oyed as the netal barrier against copper penetration into SiQ2 and

| ow-k inter| r di,gl ectric | ayer As .devi ¢ j zes decr and
el ow, " hodlDT (rEerphe dav Rl ardnes BT B ES i FbeP LGRS g gl bnd”

i nt er conpemingightgg isdiffisibeinbeghicest infeslajeh diclicgicdiyctLivipsdveniaemprdnaike ¢far r i er

| ayers, resulting_ in _an increase i.n P'Rrg,ti me del ay. S%[H I furthe{, as these
r ef r act othy inegrHy ohAe diclietricgers PHECHRD f‘tr}ﬁ‘f’é‘?i’éﬂeﬁ%ﬁnﬁs _ ‘H‘rﬁlg‘:r?"_c?lérla i ity
CONCer NS SHE Relds Thed&orel & GicleBiRk Aekusidn YRR gDBBﬁi%rtﬁrﬁ)i&il@l Bhdd Betidiel @edown
(TDDB) Iifetime and BTS (Bias- Tenperature Stress) |eakage arise due to

poor bar topef thersoppsr imejal lingooiryer pnd e sbsequentlydgpesited FhPrie PECVARdlis magratign.

i nproved, Low: I esi i - St BT gpd of

ranut act HPhisey e SRR RR ey e iR ARRA Sh T SR SR BRVER

| NVENTI OMigraf@ShtoA suabimalingihtef-arefal diglecoipg@vID) lyer. connect s for an i ntegrated
circuit is provided. An antireflective coating layer is fornmed over an

oL R, W D AR E BB 5y o g
barrier keypounds ith&aN andhTiN, aed dnyploledas ilteauketalbaaied egaisst topper pnatmdiion intb ong
the etc hglcbzi arrllEl ?orv(/:-g ?rﬁgx%yer dielectric layers. As device sizes decrease to 0.1 pm and below,

however, the main advantage of using low-resistance copper interconnects begins to be negated

by the higher resistance metal barrier layers, rcsuiting in an increase in RC time delay. Still

further, as these refractory metal barrier layers become increasingly thinner, reliability concerns

such as line-line leakage, time-dependent dielectric breakdown (TDDB) lifetime and BTS (Bias-

Temperature Stress) leakage arise due to poor barrier integrity.

[0007]  Therefore, there remains a need for an improved low resistance copper

interconnect structure and method of manufacturing the same in integrated circuit devices.

SUMMARY OF THE INVENTION

[0008] A method of forming copper interconnects for an integrated circuit is provided.
An antireflective coating layer is formed over an insulating layer formed over a semiconductor
substrate. An interconnect pattern is patterned and etched into said insulating layer. A diffusion
barrier layer is then conformally deposited in a deposition chamber along the etched interconnect
pattern, wherein the antireflective coating is removed in said chamber before deposition of the
barrier layer. Copper interconnects are then formed in the interconnect pattern etched in the

insulating layer.



pattern, wherein the antireflective coating is renoved in said chanber
before deposition of the barrier |ayer. Copper interconnects are then
formed in the interconnect pattern etched in the insulating |ayer. 3
[00091 In another enbodinent of a method of form ng copper interconnects
for an integrated circuit, an intercgnnect pattern is patterned and etched
inalowk dielectric insulatlng | ayer. A dielectric diffusion barrier

| ayer is confornmally deposited over the etched insulating |ayer and al ong
the etched interconnect pattern. A |layer of copper is deposited over the
diffusion barrier layer fornmed over the insulating |layer and in the etched
i nterconnect pattern. The deposited copper layer is then polished down to
the diffusion barrier layer formed over the insulating |ayer. [00101 The
above and ot her featurgﬁ of the present invention wll be better under st ood
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st ruct ur gndatifiy Gyer? haV| ng a BARC | ayer renoved ther efromm FIG 4 shows
the semi conductor structure of FIG 3 having a non-netal diffusion barrier

| ayer confo y ted t hereover; FIG shows the sem conduct or
structure 0 HG ﬂgﬂ”ﬁ %tggé”patpqeﬁggth? B?CFFé‘EI“’i"ﬁ“ttqli‘é‘”ﬁ be better understood

from the following detatled descrtptlon of the preferred embodiments of the invention that is
provided in connection with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
[0011]  The accompanying drawings illustrate preferred embodiments of the invention, as

‘well as other information pertinent to the disclosure, in which:

FIG. 1 is a cross-sectional view of a portion of a semiconductor device structure having a

low-k inter-metal dielectric layer formed over an inter-level dielectric layer;

FIG. 2 shows the semiconductor structure of FIG. 1 having a pair of trenches formed

therein;

FIG. 3 shows the semiconductor structure of FIG. 2 having a BARC layer removed
therefrom;

FIG. 4 shows the semiconductor structure of FIG. 3 having a non-metal diffusion barrier

layer conformally deposited thereover;

FIG. 5 shows the semiconductor structure of FIG. 4 having copper lines formed in the

etched trenches and an etch stop layer formed thereover; and

FIG. 6 shows the semiconductor structure of F IG. 5 having a second metallization layer

formed thereover.




etched trenches and an etch stop |ayer fornmed thereover; and FIG 6 shows
the sem conductor structure of FIG 5 having a second netallization | ayer
formed thereover. 4 DETAI LED DESCRI PTI ON [ 00121 A danascene based net hod of
form ng a copper interconnect structure is described below in connection
with FIGS 1-6. It should be under-stfpod that the nmethod described herein
is equally applicable to both damascene and dual damascene fabrication
techni ques. 100131 Referring first to FIG 1, a cross-sectional view of a
portion of the interconnect structure of a sem conductor device is

provi ded. An etch stop layer 20 utilized in formng an interconnect
pattern during the damascene process is forned over an insulating |ayer 10.
In one enbodinment, layer 10 includes an undoped silicate glass (USG,
phosphosilicate glass (PSG or boro-phosphosilicate glass (BPSG nateri al
havi ng a thickness greater than about 1.0 gm Etch stop layer 20 typically
includes SiN, SIC, SiCO or SiCN deposited to a thickness between about
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2, trenchiderounest patiame drring thedamaspeng provosy iajesmed overgniigsplafing layer 10. Inone
embodiment, layer 10 includes an undoped silicate glass (USG), phosphosilicate glass (PSG) or

boro-phosphosilicate glass (BPSG) material having a thickness greater than about 1.0 pm. Etch
stop layer 20 typically includes SiN, SiC, SiCO, or SiCN deposited to a thickness between about
200-500 A, and preferably about 400 A. An inter-metal dielectric (IMD) layer 30 is deposited
over the etch stop layer 20. IMD layer 30 may include SiO; or a low-k dielectric layer, such as
an organo-silicate glass (OSG), porous SiLK (polyarylene ether) material available from Dow
Chemical, LKD material available from JSR Microelectronics, an acrogel or a xerogel. A
bottom anti-reflection coating (BARC) layer 40 is formed over IMD layer 30. Conventionally,
BARC layer 40 includes a layer of an inorganic material such as SION. In one exemplary
embodiment, however, BARC layer 40 includes an organic material for use in a selected short
wavelength lithography process, e.g., KrF lithography process or a deep ultraviolet (DUV)
lithography process. Examples of exemplary mat_ei‘ials include KRF-3G available from Clariant
Corp. of Somerville, New Jersey and DRV-42 and DUV-44 available from Drewscience.

- [0014]  Referring now to FIG. 2, trenches 50 are shown etched into IMD layer 30 to form
an interconnect pattern in IMD layer 30 for formation of copper interconnect lines. Although not
shown, a photoresist is deposited over BARC layer 40 and patterned to define the desired
interconnect pattern. The trenches 50 are then etched, and the photoresist is removed. As shown
in FIG. 3, the BARC layer 40 is removed after the interconnect pattem is etched in the insulating
layer 30. As mentioned above, in one embodiment BARC layer 40 is formed from an organic

material that is then removed by baking the wafer in a deposition chamber utilized to deposit a




an interconnect pattern in IMD layer 30 for formation of copper

i nterconnect |ines. Although not shown, a photoresist is deposited over
BARC | ayer 40 and patterned to define the desired interconnect pattern. The
trenches 50 are then etched, and the photoresist is renoved. As shown in
FIG 3, the BARC layer 40 is renoved mfter the interconnect pattern is
etched in the insulating |ayer 30. As nentioned above, in one enbodi nent
BARC | ayer 40 is forned froman organic material that is then renoved by
baking the wafer in a deposition chanber utilized to deposit a 5 diffusion
barrier described in connection with FIG 4. Oganic materials such as

t hose descri bed above have | ow tol erances to process tenperatures within

t he deposition chanbers, such as those encountered when noisture is
removed fromthe substrate prior to deposition to prevent defects. Using
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350C. An exenpl ary PECVD process for formng a Si CO |ayer has the.
be utilized as a diffusion barrier, but this may not be preferred for future BEOL applications
because of its high dielectric constant. An exemplary PECVD process for forming a SiC layer
has the following parameters: feed gasses: trimethylsilane at 300 sccm; pressure: 3 Torr; HF
power: 200W; LF power: OW; and temperature: 350°C. An exemplary PECVD process for
forming a SiCN layer has the following parameters: feed gasses: trimethylsilane at 300 sccm,
helium at 400 sccm, and NH; at 325 sccm; pressure: 3 Torr; HF Power: 300 W; LF Power: OW;
and temperature: 350°C. An exemplary PECVD process for forming a SiCO layer has the
following parameter: feed gasses: trimethylsilane at 160 sccm, helium at 400 sccm and CO; at
700 sccm; pressure: 2.5 Torr; HF power: 200W; LF Power: OW; and temperature: 350°C. As-
mentioned above, an organic BARC layer 40 may be removed by baking the layer 40 in the
PECVD, thermal CVD or ALD chamber, such as at a temperature between about 350-400°C for
about 30-60 seconds.

[0016]  After the diffusion barrier 60 is formed as shown in FIG. 4, a thin adhesion layer
(not shown) including a refractory metal (not shown), such as tantalum (Ta), having a thickness
of about 50 A may be deposited over the barrier layer 60 and in the trench region 50. This
adhesion layer is provided to improve the adhesion of the copper seed layer to the trenches 50,
although silicon carbides do exhibit strong adhesion to both copper and low-k dielectric

materials such as organo-silicate glass. Copper interconnects 70 (FIG. 5) are then formed in




foll owi ng paraneter: feed gasses: trinethylsilane at 160 sccm helium at
400 sccmand CO2 at 700 sccm pressure: 2.5 Torr; HF power: 200W LF
Power: OW and tenperature: 350C. As nentioned above, an organi ¢ BARC

| ayer 40 may be renoved by baking the layer 40 in the PECVD, thermal CVD
or ALD chanber, such as at a tenperat@re between about 350-400C for about
30-60 seconds. [00161 After the diffusion barrier 60 is forned as shown in
FIG 4, a thin adhesion |ayer (not shown) including a refractory netal
(not shown), such as tantalum (Ta), having a thickness of about 50 A may
be deposited over the barrier layer 60 and in the trench region 50. This
adhesion layer is provided to i nprove the adhesion of the copper seed | ayer
to the trenches 50, although silicon carbides do exhibit strong adhesion
to both copper and |owk dielectric materials such as organo-silicate
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[0018] A second etch stop layer 80 is then formed over the exposed diffusion layer 60
and copper interconnect lines 70 for use in forming the next metallization level. In one
embodiment, second etch stop layer 80 is a SiN, SiC, SiCO or SiCN layer having a thickness
between about 400-600 A, and preferably around 500 A. Sandwiching a dielectric layer 60
between (he etch stop layer. 80 and the low-k IMD layer 30 reduces the surface electric field
between the etch stop layer 80 and the low-k IMD layer 30, which reduces leakage. Still further,
adhesion between the etch stop layer 80 and the low-k IMD layer 30 is promoted. While
interconnect RC time delay rises with increasing thickness of either metal or dielectric barrier,
the rate of RC time delay increases more rapidly for metal diffusion barriers. Therefore, use of a -
silicon carbide dielectric material for the diffusion barrier layer 60 helps alleviate the
aforementioned RC time delay problems associated with metal diffusion barrier layers, while
exhibiting better diffusion characteristics under TDDB and BTS testing because of improved
barrier integrity and cost reduction.

[0019]  Referring now to FIG. 6, a second metallization layer, shown as a dual damascene
copper interconnect structure, is formed over etch stop layer 80. A second low-k dielectric
insulating layer 90 is deposited over the etch stop layer 80. In one exemplary embodiment
insulating fayer 90 includes a layer of organo-silicate glass (OSG), porous SiLK material, LKD

material, an aerogel or a xerogel having a thickness of greater than about 6000 A. Via and trench




bet ween about 400-600 A, and preferably around 500 A Sandw ching a
dielectric layer 60 between the etch stop layer,, 80 and the |lowk I M

| ayer 30 reduces the surface electric field between the etch stop |ayer 80
and the lowk IMD | ayer 30, which reduces |eakage. Still further, adhesion
bet ween the etch stop layer 80 and the lowk I MD | ayer 30 is pronoted.
Wiile interconnect RCtine delay rises with increasing thickness of either
netal or dielectric barrier, the rate of RC tinme delay increases nore
rapidly for netal diffusion barriers. Therefore, use of a silicon carbide
dielectric material for the diffusion barrier |layer 60 helps alleviate the
af orenenti oned RC tine delay problens associated with netal diffusion
barrier layers, while exhibiting better diffusion characteristics under
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thereby forming copper interconnects 100 in the msulatmg layer 90 as shown m FIG. 5.

[0020]  Referring to FIG. 6, the vias of copper interconnects 100 directly contact the
copper lines 70. This feature provides lower resistance vias when compared to interconnect
structures that have a diffusion barrier including a refractory metal such as TaN separating the

two copper interconnects.

[0021]  Although the invention has been described in terms of exemplary embodiments, it
is not limited thereto. Rather, the appended claims should be construed broadly, to include other
variants and embodiments of the invention which may be made by those skilled in the art w1thout

departing from the scope and range of equivalents of the invention.




opened trench and via regions. A copper seed is then deposited, and a | ayer
of -copper is deposited in an ECP process to fill the etched trench and via
regions. This copper layer is then polished via CVMP down to the diffusion
barrier layer 110 fornmed over the insulating |layer, thereby form ng copper
i nterconnects 100 in the insulating lgyer 90 as shown in FIG 5. 100201
Referring to FIG 6, the vias of copper interconnects 100 directly contact
the copper lines 70. This feature provides | ower resistance vias when
conpared to interconnect structures that have a diffusion barrier
including a refractory netal such as TaN separating the two copper
i nterconnects. [00211 Although the invention has been described in terns of
exenpl ary enbodinents, it is not |limted thereto. Rather, the appended
clainms should be construed broadly, to include other variants and
enbodi ment s of Whétgs tlawmedtis:on whi ch maybe nmade by those skilled in the art
w thout departing fromthe scope and range of equivalents of the
invention. 8 Wiat is clained is: 1 1. A nethod of form ng copper
i ntercpnnects {or [ ' [ GORPL ks . St.e . 3
forning an ant{réf?gg??%ggggéﬁgﬁgk?%#g%mgver aﬁﬁﬁﬁgﬁﬁé?%ﬁ%“ﬁ@&gﬁmg%Fﬁéd
over a A4theewpcahduct or substrate; 5 patterning and etching an interconnect
pattern in said insulating layer: 6 confornmally depositing Ln a, deposition
chanbet a diffusi ot”BEP¥ 'f“g?nnlré%&wea‘f"(?ﬁ@g @y ?aﬁva‘y B m,grlﬁyg; %’HH?Pe‘?:‘fePﬁat tern,
wher ei i Sginflcondidtoraubgtatd; ve coating is renoved in said chanber 8 before
deposition of said barrjer layer; apnd 9 form ng copper interconnects in
sai d ihterconnect PateEing 2d elhins pmindeipopneciPattetn ihgnd meplptipdayery 2. The
gvrst Q(r)]d?: OLH tcL?I g} 1, ohRnallly &pbdtimthia'®RpdsRsdd MembQaldifehidPOSlerlflel JERS an 2
i i al .
J 7  said etched interconnect pattern, wherein said antireflective coating is removed in said chamber

8  before deposition of said barrier layer; and
9 forming copper interconnects in said interconnect pattern etched in said insulating

10 layer.

2. The method of claim 1, wherein said antireflective éoating layer includes an

2 organic material.

1 3. The method of claim 2, further comprising the step of baking said antireflective

2 coating layer in said chamber, whereby said antireflective coating layer is removed.

1 4, The method of claim 3, wherein said organic material is selected for use in a KrF

2 or DUV lithography process.

1 5. The method of claim 3, wherein said baking step is at a temperature between
2 about 350-400°C for about 30-60 seconds.

6. The method of claim 1, wherein said dielectric diffusion barrier layer is deposited
2 using plasma enhanced chemical vapor deposition, thermal chemical vapor deposition or atomic

layer deposition.

—

7. The method of claim 1, wherein said insulating layer includes a low-k dielectric
2 material.




1 3. The nethod of claim?2, further conprising the step of baking said
antireflective 2 coating Iayer in said chanber, whereby said
antireflective coating |layer is renoved. 1 4. The nethod of cl ai m 3,
wherein said organic material is selected for use in a KrF 2 or DW

|'i thography process. 1 5. The nethod @f claim 3, wherein said baking step
is at a tenperature between 2 about 350-400C for about 30-60 seconds. 1 6.
The nethod of claim1, wherein said dielectric diffusion barrier |ayer is
deposited 2 using plasnma enhanced chenical vapor deposition, thermnal

chem cal vapor deposition or atomc 3 layer deposition. 1 7. The method of
claim1, wherein said insulating layer includes a lowk dielectric 2
material. 9 1 8. The method of claim7, wherein said barrier |ayer includes
a dielectric material. 1 9. The nethod of claim8, wherein said barrier

| ayer i ncludess.a diTakaetiddofoaingl7] whereidl ssidbegicetdyérincinddsa diglentric matagalst i ng
of SIC, SICN, SiCOand SiN. 1 10. A nethod of form ng copper interconnects
for an integrated circuit, conprising 2 the steps of: 3 patterning and
etching an interconnect pattern in a lowk dielectric insulating 4 |ayer;
"5 conf or nal |'y9. depd&xietrieldg)da)fdlaéh 8cwhdreindaifl basieohydancliudys al diglentriometeridai d
etched. 6 ns Iatl er an nt er connect pattern; 7
deposid i nﬁeﬁte &8 g \B/ﬁﬁ’éﬁ‘* kg’rs&glsb&&ld%éﬁ gglﬁarri er layer formed over . .
said 8 insulating layer and in said etched interconnect pattern; and 9
pol i Shl ng sai d deposited copper |ayer down to said diffusion barrier |ayer
formed 10 ovell saifbmethed Pé%ﬂﬁglgwawr intgreqnpecty fr apinteggated Firgyit COMAEFINg
whereif sghdegi &l ectric diffusion barrier Iayer includes a

3 patterning and etching an interconnect pattern in a low-k dielectric insulating

4 layer;

5 conformally depositing a dielectric diffusion barrier layer over said etched

6 .insulating layer and along said etched interconnect pattern;

7 depositing a layer of copper over said diffusion barrier layer formed over said

8  insulating layer and in said etched interconnect pattern; and

9 polishing said deposited copper layer down to said diffusion barrier layer formed

10 over said insulating layer.

11.  The method of claim 10, wherein said dielectric diffusion barrier layer includes a

2 dielectric material selected from the group consisting of SiC, SiCN, SiCO and SiN.

12.  The method of claim 10, wherein said dielectric diffusion barrier layer includes a

2 silicon carbide dielectric material.

1 13. The method of claim 12, wherein said dielectric diffusion barrier layer is
2 deposited using plasma enhanced chemical vapor deposition, thermal chemical vapor deposition

or atomic layer deposition.

1 14.  The method of claim 12, wherein said diffusion barrier layer is deposited to a
2 thickness between about 100-300 A.




2 dielectric material selected fromthe group consisting of SiC, SiCN, SiCO
and SiN. 1 12. The nethod of claim 10, wherein said dielectric diffusion
barrier layer includes a 2 silicon carbide dielectric material. 1 13. The
nmet hod of claim 12, wherein said dielectric diffusion barrier layer is 2
deposi ted using plasma enhanced chemignl vapor deposition, thermal chem cal
vapor deposition 3 or atomc |ayer deposition. 1 14. The nethod of claim
12, wherein said diffusion barrier layer is deposited to a 2 thickness

bet ween about 100-3001. 10 1 15. The nethod of claim 10, further conprising
the steps of formng a second 2 netallization |ayer of copper

i nterconnects over said polished copper layer. 1 16. The nethod of claim
15, wherein said step of formng a second netallization 2 |ayer includes
the follow ng steps: 3 .depaqsjtin n etch st.op.layer er. sai d | i shed
copper | ayer ;154 dé‘ﬁé§Ief}}°ﬂg’?8{a§%&&fﬁ““?@ﬂl"ﬁf‘f‘ﬂgﬁﬁeé 8} o%g?m%ﬁisﬁcog?ch st op
layer, i ) 1GhteRbnfRRISer §4d Fo1FE & liyer.sai d second

insul2at fﬁ%gtaﬁgétg{nﬁby%gggﬂfdp%e met hod of cl ai %&16, gr eiyr? sai d second
insulating layer includes a lowk 2 dielectric material. 1 18. The net hod

of cl 1ai m 10, 1{6’1 rt gk r&emrdfgia 15 \Eheéi iﬁEaiﬁfsteg?P%‘dg%e@omﬁﬁlli%ﬁ@ﬁ'hesi on

| ayer® over sald di'el'ectric usion barrier |l ayer before depositing said
coppes | my@&@tincldded the fFhevingsteped of cl ai m 18, wherein said netal adhesion

| ayer includes a refractory, .2 nmetal. 1 20. Ayl r circuit, said
integated cirecui tdeP(?f?}f%cﬁnﬁ&h séogggﬁrc%%r ﬁgitpgﬁa’segﬁé&r%ga&gﬁavi ng a plurality
of deyices forned depaitapns scasid insublting ddyiet yvedbaidretchslop 2ajet;and | ayer s formed
over said substrate, said pl ufr ality of . . :

5 forming a layer of copperinterconnects in said second insulating layer.

1 17.  The method of claim 16, wherein said second insulating layer includes a low-k

2 dielectric material.

1 18.  The method of claim 10, further comprising the step of depositing a metal

2 adhesion layer over said dielectric diffusion barrier layer before depositing said copper layer.

1 19.  The method of claim 18, wherein said metal adhesion layer includes a refractory

2  metal.

20.  Anintegrated circuit, said integrated circuit including:
a semiconductor substrate having a plurality of devices formed thereon; and
a plurality of metallization layers formed over said substrate, said plurality of
metallization layers including:
a first metallization layer including copper interconnects lines formed in a
first low-k dielectric insulating layer and a dielectric diffusion barrier layer conformally formed
over said insulating layer and between said first low-k dielectric insulating layer and said copper

interconnect lines;
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an etch stop layer formed over said first metallization layer; and

[
(=]

a second metallization layer formed over said etch stop layer.

21. The integrated circuit of claim 20, wherein said dielectric diffusion barrier layer

2 includes a silicon carbide dielectric material.




metal lization layers including: a first netallization |ayer including
copper interconnects lines fornmed in a first lowk dielectric insulating
| ayer and a dielectric diffusion barrier |layer conformally forned over
said insulating |ayer and between said first lowk dielectric insulating
| ayer and said copper interconnect kijnes; an etch stop layer formed over
said first netallization layer; and a second netallization |ayer forned
over said etch stop layer. 1 21. The integrated circuit of claim 20,
wherein said dielectric diffusion barrier layer 2 includes a silicon
carbide dielectric material. 11 1 22. The integrated circuit of claim 21,
wherein said diffusion barrier layer is 2 deposited to a thickness between
about 100-300 A 1 23. The integrated circuit of claim 21, wherein said
second netallization layer is 2 fornmed in a second lowk dielectric
insulating | ay2x. Ihedntedihied cintwdigefaiadd 2¢) whatin sofl ddfimionte0jeryeriei n sai d

dielectric¢ di.ffusign.barrier |ayer gl udes a dielectric materi al
sel ect®ed &?Sﬂgefiﬁ ag'rl“g(ﬁ' Sscboeﬁ%?egta?(%ug”géag‘? , SICN, SiCO and Si N.

1 23.  The integrated circuit of claim 21, wherein said second metallization layer is

2 formed in a second low-k dielectric insulating layer.

1 24.  The integrated circuit of claim 20, wherein said dielectric diffusion barrier layer

2  includes a dielectric material selected from the group consisting of SiC, SiCN, SiCO and SiN.




