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A REVERSED DAJ.'1ASCENE PROCESS FOR MULTIPLE LEVEL METAL 

INTERCONNECTS 

Bll-CKGROUND OF THE INVENTION 

(1} Field of the Invention 

The invent±on relates to a method of fabricati~g 

semiconductor structures., and more particularly, to a 

method of forming reversed damascene metal interconnects in 

the manufacture of integrated circuit devices. 

(2) Description of the Prior Art 

Damascene technology is an important capability in the_ 

present art of semiconductor manufacturing. Darnascene and 

dual darnascene schemes facilitates the use of.copper for 

interconnects. Copper offers significant advantages due to 

its low resistivity when compared to aluminum. 

Referring now to Fig .. 1, a prior ~rt dual damascene 

structure is illustrated. In this cross-sectional . 
I 

·representation, three interconnect levels are shown. A 
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substrate 10 contains via plugs 18 that connect, for 

example,. to an underlying transistor junction (not shown). 

The formation of the ·single damascene.first level 

interconnect layer is as follows. The i-ntermetal dielectric 

(IMD) layer is formed first. The first.IMO etch stop layer 

14 overlies the substrate 10. The first IMD dielectric 
. . 

layer 22 is deposited overlying the first etch stop layer 
. . 

14 and the via plugs 18. The first IMO dielectz::ic layer 22. 

is then etched to form tren9hes. A first level conductive 

barrier layer 28 is deposited to line the trenches. A 

first level copper layer 26 is deposited to fill the 

trenches. The first level copper layer 26 and the first 

level conductive barrier ~ayer 28 are then polished down. 

Fina_lly, a f-:irst level capping or passivation layer 30 is 

deposited overlying the first level copper layer 26 to 

complete ~he. first level interconnect layer. This first 

level.is created in a typical single damascene approach 

where a single level trench is etched and filled· with metal 

to form a single interconnecting structure (the 

interconnect trace). 

The second and bhird metalization layers are formed 

using atypical dual damascene approach. In a dual 
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damascene approach, a two-level trench is etched a~d then 

filled with a single metal layer to form two 

interc~nnecting structures {both th~ interconnect -line and 

the via) . The second "intermetal dielect.:-ic ( IMD) is :or:r.ed 

first;. In this example, the. second IMD comprises a 

dielectric stack consisting of the second IMD lowe= 

dielectric layer 34, the second IMD etch stop laye?:: 38, and 

the second IMD upper dielectric layer 42. The trenches are 

etched in two steps. The second IMD etch stop layer 38 

facilitates etching two-level trenches. The lower level.of 

the trenches will form the vias to connect the second 

interconnect level to the first interconnect lev.el. The 

upper level of the trenches will form the second level 

interconnect lines. ·After trench formation, the second 

level conductive barrier layer 48 and the second level 

copper layer 46, 50, 54 are deposited. A polish down is 

used to define the interconnections. A second level 

capping or passivation layer 58 is deposited to finish the 

second level. Note the two levels of the dual damascene 

" structure. The lower level 50 is the via. The upper level 

54 is the interconnect line. The third interconnect level 

is formed using the same method as used·for the second 
. I . 

level. 
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Several problems exist in the prior art dual damascene 

interconnect method. First, it is difficult to deposit the 

conductive barrier layer. For example, the third level 

conductive barrier layer 76 must b~ deposited in t~e dual 

damascene trench for the third level. A seed layer of 

copper is deposited after the ~arrier layer to catalyze the 

copper deposition. Insufficient barrier layer step coverage 

along the sidew~ll 101 and at the bottom 105 can occur due 

to the high aspect ratio of the trench in the via level. 

The insufficient covera_ge, that may result in voids, can 

cause copper deposition and diffusion problems. The second 

problem in the prior art is copper layer voids. For 

example, voids may occur during the deposition of the third 

level copper layer 86, _82. Again, the very high aspect 

ratio of the via level of the trench can cause this . 

problem. 

The third problem is that the two-level trenches 

require the use of many etch stop layers 103. For example, 

the third level etch stop layer 66 is used to facilitate 

the definition of upper and lower trench levels for the 

third -level trenches. In addition, the third level capping 

k>r passi vat+ion layer 7 4 is likewise an etch stop layer. 

These etch stop layers 103 typically comp-rise silicon 
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nitride that has a relatively high dielectric constant. 

The use of these etch stop layers 103· adds significantly to 

the par~sitic capacitance of each int.ercon.nect level and 

~educes circuit performance·. Finally, the fo~rth 9roblem 

is that the via can misalign 1-04 to the underlying metal 

interconnect. Such misalignm.erits increase the ~ria 

resistance and degrade circuit performance. 

Several prior art approaches.disclose methods to form 

interconnecting layers. U.S. Patent 5,693,568 to Liu et al 

discloses a process to form interconnect layers in an 

integrated circuit device. Interconnect lines and vias are 

formed for each interconnect level. A composite metal 

layer is deposited comprising three layers: an upper metal 

layer, an etch stop layer, and a lower metal layer. The 

composite metal layer is first etched through. A first 

dielectric layer is then deposited to fill the spaces 

between the etched composite metal. The upper metal layer 

is etched down to the etch stop layer to pattern the vias. 

A second dielectric layer is~then deposited to fill gaps 

caused by the second etching. This method reverses the 

order of the vias and interconnects co~pared to the prior 
i 

art though it is not a damascene process since the metal is 
. 

patterned only by etching. U.S. Patent 5,512,514 to Lee 
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teaches a process to form interconnect levels. No ba=rier 

metal is used.underlying the metal layer. The metal layer 

is ·etched twice. The first etch is partially through the 

copper and defines via plugs. The second etch is 

comple~ely through the metal layer and defines the 

interconnect pa~tern. No non-conductive barrier layer is 

applied overlying the patterned metal layer. Af~er bot~ 

etch steps, a ~ielectric layer is deposited to isolate the 

level. This process also reverses the typical order of the 

via and the interconnect. This process is likewise not a 

damascene process since both via and interconnect lines are 

formed by etching and not by trench filling. U.S. Patent 

5,926,732 to Matsuura discloses a dual damascene process. 

In this method, the vias are formed below the interconnects 

as in t~e prior art example~ . An etch stop layer ·1s used to 

stop the via level trench etch from penetrating to the 

previous level dielectric layer. U.S. Patent 5,691,238 to 

Avanzino et al discloses a subtractive dual damascene 

approach. The via mask extends perpendicularly across the 

width of the intercoanect pattern to allow a self-aligned 

etch. Aluminum is used for the metalization. U.S. Patent 

5;882,996 to Dai discloses a self-aligned· dual damascene 
'· 

process. 
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SUMMARY OF THE INVENTION 

A principal object of the present invention is to 

.pr?vide an effective and very manufacturable :nethod to form 

metal interconnect levels in the manufacture of integrated 

circuits. 

A further object of the present invention is to 

provide_ a method to form metal interconnect levels by using 

a reversed damascene process whereby via plugs are formed 

overlying and from the same metal layer as the conductive 

lines. 

A still further object of the present invention is to 

form metal interconnect levels whereby the conductive lines 

are produced by etching trenches into a dielectric layer 

and then depositing metal to fill the trenches. 

Another still further object of the present invention 

is to form via plugs by partially etching the metal layer. 

~ 
Another still further object of the present invention 

is to simplify barrier layer fining deposi t·ion. 
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Another still further object of the present invention 

is to.provide a method to simplify metal layer deposition. 

Another still further object of the present invention 

is to eliminate one etch stop la-yer for each level. 

Another still further- object of the present invention 

is to eliminate via-to-underlying conductive line 

misalignment. 

Another further object of the present inventio~ is to 

prevent metal contamination of. the dielectric layer during 

metal etching through the use of insulating sidewall 

spacers~ 

Another further object of the present invention is to 

prevent metal contamination of the ·dielectric layer during 

metal etching through the use of a passivation layer. 

A yet further object of the present invention is to 

prevent metal contamination of the .. dielectric layer during 

metal etching through the use.of a passivation layer as an 

etching mask. 
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In accordance with the objects of this imrenticn, a 

new··meth~d of forming metal interconnect levels containing 

·. damascene interconnect lines and via plugs in the 

manufac_ture of an integrated _circuit device has been 

·. achieved. A first die·lectric layer, that may comprise. a 

stack of dielectric materials, is provided overlying a 

semiconductor sYbstrate. The dielectric layer is patterned 

to form trenches for planned darnascene interconnects.· A 

conductive barrier layer is deposited qverlying ~he 

dielectric layer and lining the trenches. A metal layer, 

preferably comprising copper, is deposited overlying the 

conductive barrier layer and filling the irenches. The 

metal layer and the conductive barrier layer are polished 

down to confine the metal la¥er and the conductive bar~ier 

layer to the trenches and to thereby form the damascene 

interconnects. The damascene interconnects are patterned 

to form via plugs overlying conductive lines. The . 

patterning comprises partially etching down the damascene 

interconnects using a~via mask overlying and protecting 

portions of the darnascene interconnects. A trench mask. 

also overlies and protects the ~irst dielectric layer from 
l 

metal contamination during the etching down. A non-

conductive~barrier layer is 'deposited overlying the via 
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plugs and the conductive lines to_ prevent metal out­

diffusion and to complete the metal interconnect level. 

Also in accordance with the objects of this invention, 

a new· method of forming metal interconnect· levels 

containing damascene interconnect lines and via plugs in 

the manufacture of an integrated circuit device has been 

achieved. A first dielectric'layer, that may comprise a 

stack of dielectric materials, is provided overlying a 

semiconductor substrate .. The dielectric layer is patt,erned 

to form trenches for pla·nned damascene interconnects. An 

insulating layer is deposited overlying the dielectric 

layer and lining the trenches. The insulating layer is 

anisotropically etched to form insulating layer spacers on 

the sidewalls of the trenches. A conductive barrier layer . 

is deposited overlying the dielectric layer, the insulating 

layer spacers, and lining the trenches. A metal layer, 

preferably comprising copper, is deposited overlying the 

conductive barrier layer and filling the trenches. The 

metal layer and the conductive barrier layer are polished 

down to confine the metal layer and. the conductive barri·er 

layer to the trenches and to thereby form the dam.ascene 

interconnects. The damascene interconnects are patterned 

to form via plugs overlying conductive :Lines. The 
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patterning comprises partially etching down the ~a:nasce~e 

interconnects using a via mask overlying and protecting 

portions of the damascene interconnects .. Trre presence of 

the insulating layer sidewall spacers further prevent metal 

layer out-diffusion during the patterning bf the damascene 

interconnects. A trench mask also overlies-and protec~s the 

first dielectric layer from metal contamination during·the 

etching down. A non-conductive barrie_r layer is deposited 

overlying the via plugs and the conductive lines to prevent 

metal out-diffusion and to complete the metal interconnect ... 

level. 

Also in accordance with the objects of this inve~tion, 

a new method of forming metal interconnect levels 
~ 

containing damascene interconnect lines and via plugs in 

the manufacture of an integrated circuit device has been 

achieved. A firs~ dielectric layer, that may comprise a 

. stack of dielectric materials, is provided overlying a 

semiconductor substrate. The dielectric layer is patterned 

to form trenches for planned damascene interconnects. A 

conductive barrier layer is deposited overlying the 

dielectric layer and lining the trenches. A metal layer, 

preferably comprising coppe·r, is deposited overlying the 

conductive barrier layer and filling the trenches. The 
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metal layer and the conductive barrier layer are polished 

down to confine the metal layer and the conductive barrier 

-· layer to. ~he trenches and to thereby form the damascene 

interconnects. A passivation layer is deposited overlying 

the dielectric layer and the damascene ·interconnects. The 

passivation layer and the damascene interconnects are 

patterned to form via plugs overlying conductive li~es. 

The patterning ~omprises partially etching down the 

damascene·interconnects using a via mask overlying and 

protecting portions of the damascene interconnects. A 

trench mask also overlies and protects the first dielectric 

layer from metal contamination during the etching down. A· 

non-conductive barrier layer is deposited overlying the via 

. plugs and the conductive lines to prevent metal 

out-diffusion and to complete. the metal interconnect level. 

Also in accordance with the. objects of this invention, 

a new method of forming metal interconnect levels 

containing damascene interconnect lin.es and via plugs in 

the manufacture of an ~ntegrated circuit device has been 

achieved. A first dielectric layer, that may comprise a 

stack of dielectric materials, is provided ·overlying a 

semiconductor substrate. The dielectric layer is patterned 

to form trenches for planned·damascene interconnects. A 
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conductive barrier layer is depo~ited overlying the 

dielectric layer and lining the trenches. A metal layer, 

preferably comprising copper, is deposited overlying the 

conductive barrier layer and filling the trenches. 7he 

metal layer and the conductive barrier layer are 9olished 

down to confine the metal lay&r and the conductive barrier . 

layer to the trenches and to thereby form the damascene 

interconnects. ··.A passivation layer is deposited overlying· 

the die.lectric layer and the damascene,interconnects. The 

passivation layer .is patterned to.form a hard mask for the 

da~ascene interconnects. The dam.ascene interconnects are 

patterned using the i;>assivation layer hard mask to for:n •via 
. 

plugs overlying conductive lines. The patterning comprises 

partially etching down the damascene interconnects using a 

via mask overlying and. protecting portions of the dainascene 

interconnects. A trench mask a1·so overlies and protects 

the first dielectric layer from metal contamination during 

the etching down. A non-conductive barrier layer is 

deposited overlying the via plugs and the conductive lines 

to prevent metal out-diffusion and to complete the metal 

interconnect level. 

+ 
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BRIEF DESCRIPTION OF THE DRAWINGS 

-
In the accompanying drawings forming a· material part 

of this description, there is ·shown: 

Fig. 1 schematically illustrates in cross-section a 

partially completed prior art integrated circuit device. 

Figs. 2 through 13 schematically illustrate in cross-

sectional representation a first preferred embodiment of 

the present invention. 

Figs. 14 through 17 schematically illustrate in· cross-

sectional representation a·second preferred embodiment of 

the present invention. 

Figs. 18 through 22 schematically illustrate in cross-

sectional representation a third preferred embodiment of· 

the present invention. 

Figs. 23 through 26 schematically illustrate in cross-

sectional representation a fourth preferred embodiment of 

the present invention. 
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Figs. 27 and 28 schematically illustrate in cross­

sectional representation a fifth preferred embodiment of 

the present_ invention. 

Figs. 29 through 32 schematically illustrate in cross­

·sectional representation a sixth preferred embodiment of 

the present invention. 

·Figs. 33 through 35 schematically illustrate in cross­

sectional representation a seventh preferred embodiment of 

the present invention. 

Figs. 36 through 39 schematically illustrate in cross­

sectional representation a eighth preferred e~.bodiment of 

the present invention. 

Fiqs. 40 through 42 schematically illustrate in cross­

sectional representation a ninth preferred embodiment of 

the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments disclose the-application of the 
. 

present invention to the formation of reversed damascene 

-
metal interconnects in the manufacture of integrated 

circuit devices. It should be clear to those experienced 

in the art that the present invention can be applied and 

extended withbut deviating from the scope of the present 

invention. 

Referring ·now particularly to Fig.· 2, there is shown a 

cross-sectional representa:tion of the first pref erred 

embodiment of the present invention. In Figs .. 2 through 7, 

the method of formation of a first level of interconnect 

will be illustrated. In Figs. 8 through 13, additional 

levels of interconnect are added ·to show a more complete 

integration of the device. 

A semiconductor substrate 120 is illustrated. The 

semiconductor substrate 120 may comprise layers and devices 

formed prior to the deposition of the first dielectric 

layer. However, for simplification of ·the illustration, -

the •semiconductor substrate 120 is illustrated as a single 

-· layer. 
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An. etch stop layer 124 has been deposited cve:::!.yi:ng 

the semiconductor substrate 120 .. The purpose ?f the etch 

stop layer 124 is to prevent the subsequent trench etch 

from damaging the semiconductor substrate 120. The etch 

stop layer 124 preferably comprises silicon nitride 

deposited by chernical'"vapor deposition (CVD) to a thickness 

of between about; 100 Angs~ronis and 5, 000 &.1.gstroms. A 

contact plug 128 is formed in the semiconductor substrate 

120 as part of.a completed interconnection metalization 

(not shown) . The contact. plug 128 may comprise a via plug. 

The details of the constr~ction of the contact plug 128 are 

not important to the specifics of the first preferred · 

embodiments of the present invention. For example, .the 

contact plug 128 may comprise tungsten deposited into a 

. pre-etched trench ~nd polished down. 

A first dielectric layer 132 is deposited overlying 

the etch stop layer 124 and the ~ontact plug 128. The 

first dielectric layer 132 may comprise a stack of 

dielectric materials. It is preferred that the first 

dielectric layer 132 comprises one of the group of: undoped 

silicon dioxide {Si02); fluorine-doped silicon dioxide, 

such as fluorosilicate glass (FSG-}; phosphorus-doped 
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silicon dioxide; boron-doped silicon dioxide; phosphorus 

and boron-doped silicon dioxide; carbon-doped silicon 

dioxide, suc_h as a°lkyl silsesquioxane., aryl s:!..lsesquioxane, 

and alkyl-aryl silsesquioxane; organic polymers, such as 

Teflon and.poly~rnide;·hydrogen-doped silicon dioxide, such 

as hydrogen 'sils.esquioxane; and poro~s moieties, or 

combinations, of any of the above mentioned materials. 

·. 

The thickness of the first dielectric layer 132 is 

important because, as wil~ _be demonstrated, this will 

determine· the thickness of t.he combined damascene 

interconnect and via structure. In this preferred 

embodiment, the first dielectric layer 132 is deposited to 

a thickness of between about 4,000 Angstroms and 20,000 

Angstroms. 

The first dielectric laye~ 132 is patterned using a 

photolithographic sequence common in the art. A 

photoresist layer 136 is applied to the surface of the 

first dielectric layer 1J2. The photoresist laye= 136 is 

patterned by exposure to actinic light through what may be 

termed the trench mask. After deve~oprnent, the photoresist 
i 

layer 136 exposes portions of the first.dielectric layer 

132 as shown. · 
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Referring now to Fig~ 3, an important feature of the 

present invention is shown. The first dielectric layer 132 

is patterned by anisotropic etching to form trenches for 

planned damascene interconnects. Note that patterning 

exposes the· contact plugs 128. Note also that .. the etch 

stop layer 124 prevents the et;ching·process from damaging 

the underlying.semiconductor substrate 120. A conventional 

plasma-assisted dry etch \s used in this step. Following 

the patterning of th• first dielectric layer 132, the 

remaining photoresist layer-136 is stripped. 

The trench patterned into the first dielectric layer 

132 is much wider at the base than that of the prior art. 

This is due .. -to the fact that the prior art trench is 

designed to form the via connection between metal layers 

where.as the trench of the present invention can be made as 

wide as the metal interconnects. 

Referring now to Fig. 4, another important feature of 

the present invention illustrated. A conductive barrier· 

layer 140 is deposited overlying the first dielectric layer 

132 and -lining the trench. The conductive barrier layer 

140 may.fulfill three purposes in the present invention. 
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First, the conductive barrier layer 140 prevents ionic 

out-diffusion of metal if the subsequently deposited metal 

layer 144 comprises coppe·r. Second, the conductor barrier 

layer 140 provides a conductive ·interface between the 

contact plug 128 and the metal layer 14~. Third, the 

con.ductive barrier layer .140 may serve as a seed or 

catalyst layer for electroless plating of copper. Note 

that the conduc~ive barrier layer 140 is very thinly 

deposited as in the prior art. However, the relatively 

large width of the trench facilitates the deposition of a. 

thin conductive barrier layer 140 without creating voids. 

The conductive barrier layer 140 comprises one or more 

materials from the gJ;:oup of: titanium, titanium nitride, 

tantalum, tantalum nitride, tungsten nitride, ternary 

metal-silicon-nitride (WSixNy),' and ternary 

-
metal-boron-nitride (WBxNr>· Tungsten nitride is especially 

suited as a seed layer for electroless plating of copper. 

The conductive barrier layer 140 is preferably deposited to 

a thickness of between about 500 Angstroms and 5,000 

Angstroms. 

A metal layer 144 is deposited overlying the 

+ 
conductive barrier layer 140 and filling the trenches, as 

. . 
shown in· Fig-; 4. The metal layer 144 may comprise copper, 
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.a copper alloy, aluminum, or an aluminum alloy. Preferably, 

the metal layer 144 comprises copper that has been 

deposited by_ one or more of the following processes: 

physical vapor deposition {PVD), electroless plating, and 

chemical vapor deposition (CVD} . Subsequent annealing of 
·, 

the deposited copper in a furnace or in rapid tr.ermal 

annealing (RTAl equipment at a temperature of between about 

·100 degrees C a.nd 400 degrees_C is performed. Note that 

the relatively large width of the trench allows the copper 

layer 144 to be deposited without creating voids. 

Referring now to Fig. 5, another important feature is 

described. The metal layer .144 and the conductive barrier 

layer 140 are polished down to confine the metal layer· 144 

and the conductive barrier laye?:" 140 to th~ trenches and to 

thereby form the darnascene interconnects. At this point in 

the process, the interconnect pattern for the interconnect 

level has been formed in the trenches and has been filled 

with the metal layer 144. Note that this means that it is 

the damascene interconne~ts 144 and not the vias for this 

level that connect downward to the contact plugs 128. 

Subsequently, the via for this level will be formed in the 

upper portion of the damascene interconnects 144 making 

this a reversed damascene process wnen compared to the 
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typical prior art. Note also that the damascene 

interconnects 144 are truly formed by a damascene process 

cornprisin-g trench formation followed by metal inlay. 

Therefore, the entire thickness of the metal layer does not 

have to-be etched in the interconnect formation process. 

Referring now to Fig. 6, the darnascene interconnects 

144 are patterned to form via plugs 152. This patterning 

is done by a photolithographic process. An organic bottom 

anti-reflective coating (BARC) layer 149 is ·applied 

overlying the metal layer 144. The BARC layer 149 reduces 

the reflectivity of the metal layer 144 during.the exposure 

step of the l·i thog.i;:aphic sequence. The BARC layer 14 9 

comprises a commercially available material such as 

poly(aryls~lfunate)-based material or polyacrylate~based 

material. It should be understood that the BARC layer 149 

is an optional step that is included in the present 

invention as a typical process. A photoresist layer 148, 

152 is applied overlying the BARC layer 149. The 

photoresist layer 148, 152 is exposed to actinic light 

through a mask that combines the data of the aforementioned 

trench mask· (photoresist areas labeled 148) with data 

specific to the via plugs (photoresist areas labeled 152). 

After development, the photoresist layer 148, rs2 remains 
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overlying the first dielectric layer 132 and the damascene 

interconnects 144 while exposing a selected part of the 

damascene interconnects. The presence of the photoresist 

layer 148 overlying the first dielectric layer 132 protects 

the first dielectric layer 132 from meta_l diff.usion_, 

espec~ally of copper, during the etching process. 

Note that the patterned p&otoresist layer sections 148 

and 152 may need to be oversized to irisure that the first 

dielectric layer 132 is never exposed during the etching of 

the metal layer 144. For example, if an anisotropic dry 

etching process is used to etch the metal layer 144, then 

the patterned photoresist sections.148 should be oversized 

on the trench edge 150.by between about 0.01 microns and 

0.5 microns to insure that the patterned photoresist 148 

averlaps·the conductive barrier layer 140 even under worst 

case alignment. If a wet etch is used, then the patterned 

photoresist sections 148 should be oversized on the trench 

edge 150 by between about 0.01 microns and 0.5 microns and 

the patterned photoresist section 152 ove~lying the via 

plugs 160 should be oversized 151 by between about 0.02 

microns and 1.0 micron to compensate for alignment 

tolerance and for lateral etching that may occur. These 
-· 

concepts:are ~lso a~plicable for subsequent levels of 
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darnascene interconnects formed in the method of the present 

invention. 

The patterning of the damascene interconnects 144 is 

accomplished by plasma-assisted dry etching or by wet 

et¢hing. A wet etching selective to the metal layer 144 

relative to the conductive barrier layer 140 is preferred. 

If a wet etch 'is used and the metal of the metal layer 140 

is copper, the etching chemistry should comprise one or 

more of the group containing: dirnethylsulfoxide _( DMSO), 

carbon tetrachloride (CCl4), acetic acid (CH3COOH), NH4F, 

hydrofluoric acid (HF), tetramethylammonium hydroxide 

(TMAH}, tetraethylatnfClonium. hydroxide (TEAH), 

tetrapropylammonium hydroxide (TPAH), water; surfactant, 

and benzotriazole {_BTA) . Some· preferred solutions i~clude: 

DMSO and CCl4, NH4F ·and acetic acid, and HF, NH4f, and 

water. If a plasma-assisted dry etch is used, the etching 

chemistry should comprise one or more of the group 

containing: Cl2r BCl3, Nz, and fluorocarbons. 

The etching process is timed such· that the damascene 

interconnects 144 are only partially __ etched down. After 
~. 

the etc~, via plugs 160 have been form~d in an upper 

portion of the d.amascene intercon·nects 144. The remaining 
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lower portion may now be called the conductive lines 156. 

Note that the via plugs 160 are formed from the same metal 

layer 144 as the conductive lines 156. Therefore, there is 

no possibility 0f the via plugs 160 being misaligned to the 

conductive lines 156. Preferably, the via pl~gs are formed 

- with a vertical thickness of between about 2, 000 Angstroms 

and 10,000 ~gstroms. 

The presence of the conductive barrier layer 140 and 

the photoresist layer 148 overlying the first -dielectric 
. . . . 

·layer 132 prevents metal contamination, _especially copper, 
,. 

into the first dielectric layer 132 during the etching 

process. Upon removal of t:,he _photoresist layer 148 and 152·, 

an optional hydrogen plasma or ammonia plasma treatment may 

be performed to remove any copper oxide from the surf ace 

prior to the deposition of the next· layer of film. 

Referring now to Fig. 7, a non-conductive barrier 

,layer 164 is deposited overlying the first dielectric layer 

132, the conductive barrier layer 140, the via plugs and 

the conductive lines 144. There are two ·purposes for the 

non-conductive barrier layer 164." First, if copper is used 

for the metal layer, the non-conductive barrier layer 164 

prevents copper ion diffusion into the overlying dielectric 
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material. Second, the non-conductive barrier layer 164 can 

act as an etch stop during formation of trenches for the 

next level of interconnect. The non-conductive barrier 

layer 164 comprises one or more of the following materials: 

silicon nitride, Applied Material Corporation's BLok, 

silicon carbide,. carbon nitride, boron nitride, carbon 

boron nitride, and silicon oxynitride. The non-conductive 
I 

barrier layer L64 is preferably. deposited to a thickness of· 

between about SO Angstroms and 5,000 Angstroms. 

A secorid dielectric layer 168, 172 is deposited 

overlying the non-conductive barrier layer 164. The second 

dielectric layer 168, 172 may comprise a single dielectric 

material or a stack of dielectric materials. In this 

preferred embodiment, -a gap filling dielectric layer 168, 

such as high density plasma (HDP) oxide or a spin-on 

organic polymer or hydrogen-doped silicon dioxide, is first 

deposited. A capping layer 172 of a silicon dioxide-type of 

material is then deposited. It is preferred that the second 

dielectric layer 168, 172 comprise one of the group of: 

undoped silicon dioxide (Si02); fluorine-doped silicc;m 

dioxide, such as fluorosiLicate glass (FSG); phosphorus-

. ' doped silicon dioxide; boron-doped silicon dioxide; 

phosphorus ana boron-doped silicon dioxide; carbon-doped 
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silicon dioxide, such as alkyl silsesquioxane, aryl 

silsesquioxane, and alkyl-aryl silsesquioxane; organic 

polymers, such as Teflon and polyimide; hydrogen-doped 

silicon dioxide, such as hydrogen silsesquioxane; and 

porous moieties, or combinations, of any of the· above 

_ m~ntioned materials. The se_cond dielectric laye_r 172 is 

then planarized to complete this first level of reversed 

dam.ascene metal interconnects. 

Referring now to Fig. 8, further processing steps are 
.. 

performed to create a second level of interconnection. A 

photoresist layer 176 is applied overlyingthe second 

interlevel dielectric· layer 168; 172. This photoresist 

layer 176 is exposed and developed as in the first level 
.· 

process. The seconq dielectric layer 168, 172 is patterne~ 

to form trenches for the second-level dam.ascene 

interconnects. Note that the non-conductive barrier layer 

164 is etched through to expose the top of the via plug. 

In addition, note that some overetching 180 of the second 

interlevel d~electric layer 168, 172 may occur. The 

photoresist layer 176 may be removed by· oxygen ashing. 

However, in the presence of exposed copper and, possibly, . 

the organic material in the~dielectric, the photoresist 
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layer 176 is preferably removed using a solvent o= a 

photoresist stripper. 

Referring now to Fig. 9, a second-level conductive 

barrier layer 184 is deposited overlying the second 

dielectric iayer 168, 172 and lining the trenches~ The 

second-level conductive ·barrier layer 184 serves the same 

purpose as the first-level conductive barrier layer 164.and 

comprises the same preferred materials. The relatively 

wide trench agai~ facilitates the void free deposition of 

the second-level- conductive barrier layer 184. The 

second-level metal layer 188 is deposited overlying the 

second-level conductive barrier layer 184 and filling the 

trenches. The second-level metal layer 188 also comprises 

the same materials as the first-level metal layer 144. 

Again, the preferred second-level metal layer 188 is 

copper. 

Referring now to Fig. ·10, the second-level metal layer. 

188 and second-Level conductive barrier layer 184 are 

polished down to confine the second-level metal layer 188 

.and second-level conductiv~ barrier iayer 184 to the 

~ 
trenches. The second-level damascene interconnect is 

thereby defined. 
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Referring now to cig. 11, the damascene i~terconnects 

188 are partially etched down to form both con.ductive lines 

200 and via plugs 204. from the same metal layer 188. 1\.n 

organic bottom anti-reflective coating (BARC) layer: 194 is 

applied· overlying the metal layer 188. ·The BARC layer 194 
. . 

.reduces the reflectivity of the metal layer 188 during the 

exposure step ·a~ the li thog.raphic sequence. The BARC layer 

194 comprises a commercially available material such as 

poly(arylsulfunate)-based material or polyacrylate-based 

material. It should be understood that the BARC layer 194 

is an optional step that is included in the present 

invention as a typical process. The photoresist layer 192~ 

196 is patterned us1ng a mask combining the second-level 

trench mask used i~ Fig. 8 and a via specif~c mask. The 

photoresist protects the via plug· (shown as photoresist 

layer label 196) and protects the second dielectric layer 

168, 172 (shown as photoresist label 192). Note again t.hat 

the presence of the photoresist layer 192 overlying the 

second dielectric layer 168, 172. prevents metal· 

contamination during the etch. 

Referring now to Fig. 12, the second non-conductive 

·-
b-arrier layer 208 is deposited overlying the second 
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dielectric layer 168, 172 and.the via plugs and conductive 

lines 188. The second non-conductive barrier layer 208 

p~rfo.rms the same function as the non-conductive barrier 

layer used in the first-level interconnects and comprises 

_the same preferred materials. A second-level second 

dielectric layer 212, 216 is deposited.. and planarized to 

complete the second-level reversed damascene interconnects. 

The second-ievel second dielectric layer 212, 216 may 

comprise a single dielectric material or a stack of two or 

more dielectric materials. As shown in Fig. 12, the. 

preferred second-level second dielectric layer 212, 216 

comprises two dielectric layers. 

Referring now to Fig. 13, a third level of 

interconnection is adped to th~ cro$s-section. Agai~, the 

same processing steps may be· repeated. Each level 

illustrates the characteristics of this method~ Conductive 

lines 301, 303, 305 are formed by darnascene inlay in the 

lower structure of the level. Via plugs 302, 304, ·306 are 

the4lpper stru~tures of each. level. They are formed by 

partially etching down the metal layers 144, 188, 224. The 

use of conductive barrier layers 140, 184, 220 and non­

c~nductive barrier+layers 164~ 208, 228 facilitate the use 

of copper.· The conductive barrier layers and the masking 
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approach, especially covering the dielectric layers 132, 

168, 172, 212, 216 to prevent metal. contamination, likewise 

enables a copper process. 

-Now the specific advantages of the present invention 

compared to the prior art can be listed. First, the novel 

process simplifies the barrier layer deposition 9rocess. 

Second, the copper deposition process i~ simplified. Third, 

the process does not require the additional etch stop layer 

and therefore capacitive coupling is reduced. Fourth, 

.. since the via plugs are formed in the same metal layer as 

the underlying conductive lines, there is no misalignment. 

A second preferred embodiment of the present invention 

is now disclosed. An insulating layer spacer is herein 

incorporated into the present invention to enhanc.e the 

process capability of metal layer etching into vias plugs 

and conductive lines for a first level of interconnect. 

Referring again to Fig. 3, the process of the first 

pref erred embodiment is suspended after the first 

dielectric layer 132 is patterned to form trenches for 

planned damascene interconnects. Referring now particularly 

to Fig. 14, the second preferred embodiment initiates with 

the deposition of an insulating layer 404 overlying the 
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first dielectric layer 132 and lining the trenct-.es. The 

insulating layer 404. preferably comprises one of the group 

containing:. silicon nitride, silicort oxynitride, BLok (from 

Applied Material Corporation)., silicon carbide, carbon 

nitride, and boron nitride. The insulating layer 404 is 

deposited to a thickness of between about 500 Angstroms and 

5,000 Angstroms using a conventional deposition process. 

Referring now to Fig. 15r the insulating layer 404 is 

anisotropically etched to form insulation layer spacers 405 

on the sidewalls of the trenches. The anisotropic etching 

is performed preferably by a plasma-assi:Sted dry etching 

comprising an etching chemistry of one or more of the 
- I 

following gases: fluorocarbon,_ fluorine-substituted 

hydrocarbon, fluorine, chlorine, hydrocarbon, ·nitrogen, 

hydrogen, BCl3,_oxygen, and argon. 

Referring now to Fig. 16, a conductive barrier layer 

140 is deposited overlying the first dielectric layer 13_2, 

the insulating layer spacers 405, and the lining the 

trenches. The conductive barrier layer 140 may comprise any 

of the materials outlined above in the first embodiment. A _ 
t 

metal layer 144 is deposited overlying the conductive 

barrier ·layer 140 and filling the trenches. The metal 
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layer 144 and the conductive barrier layer 140 are 

subsequently polished down to form darnascene interconnects 

144.. 

The damascene interconnects 144 are patterned to form 

via plugs 152. This patterning is done by a, 

photolithographic process. An organic bottom anti-

reflective coating (BARC) layer 149 may optionally be 

applied ove+lying the metal layer 144 and· the first 

dielectric layer 132 as outlined above irr the first 

embodiment. A photoresist layer 148, 152 is applied 

overlying the BARC layer 149. After development, the 

photoresist layer 148, 152 remains overlying the first 
·~ 

dielec_tric layer 132 and the damascene interconnects .144 

while exposing a selected part of. the damascene 

interconnects. The presence of the photoresist layer 148 

-overlying the first dielectric layer 132 protects the first 

dielectric layer 132 from metal diffusion, especially of 

copper, du·ring the etching process. 

The patterning of the damascene interconnects 144 is 

accomplished by p·lasrna.;.as~isted dry ·etching or by wet 

etching by methods disclosed above in the first embodiment. 
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A wet etching selective to the metal layer 144 relative to 

the conductive barrier layer 140 is again preferred. 

The etching process is timed such that the darnascene· 

interconnects 144 are only partially etched down. After 

the etch, -via plugs 160 have been formed iri an upper 

portion of the damascene interconnects 144. The remaining 

lower portion may now be called the conductiv.e lines 156. 

Note that the via· plugs 160 are formed from the same :metal 

layer 144 as the conductive lines 156. Therefore, there is 

no possibility of fhe via plugs 160 being misaligned to the 

conductive lines 156. 

The presence of the insulating layer spacers 405 

prevents diffusion of metal ions, particularly copper, into 

the first dielectric laye~ 132 in two ways. First, if the 
.. 

photoresist sections 148 fall short of covering the 

conductive barrier layer 140 and the insulating layer 

spacers 405, metal contamination is prevented. Second, if 
a 

the conductive barrier layer 140 is partially etched away 

406 during the metal etch, metal contamination is 

prevented. After th·e metal etching process, the process. of 

the present invention may be completed as disclosed above 

in the first embodiment. 
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A third preferred embodiment of the present invention 
.. 

is now disclosed. An insulating layer spacer is herein 

incorporated into tne present invention to enhance the 

process capability during metal iayer etching into vias 
-

plugs and con~uctive lines.for_ an upper level of 

interconnect. Referring again to .. Fig. 7, the process of the 

first preferred.··embodiment is: suspended after the second 

dielectric layer 172 is planarized to complete the first 

level of reversed damascene metal interconnects. Referring 

now particularly to Fig. 18, the third preferred ewbodiment 

initiates with the application of a photoresist layer 176 

overlying the second interlevel dielectric layer 168, 172. 

The photoresist layer 176 is exposed and developed .as in 

the first level process of the first embodiment. The 

second 'dielectric layer 168, 172 is patterned to form 

trenches for the second-level damascene interconnects. 

Note that the itching of the second dielectric layer 168, 

172 stops on the non-conductive barrier layer 164. The 

photoresist layer 176 is stripped away. A solvent stripper 

is preferably used for photoresist stripping, particularly 

if the lower part of the second dielectric layer 168 

comprises an organic compound. 
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Referring now to tig. 19, an insulating layer 408 is 

deposited overlying the first dielectric layer l72 a~d 168 

and lining the trenches. The insulating layer 408 

preferably comprises one of the group c~ntaining: silicon 

nitride, silicon oxynitride, BLok (from Applied Material 

Corporation), silicon carbide, boron nitride, carbc~ 

nitride, and carbon boron nitride. The insulating layer 
, . 

408 is deposited to a thickness of between about 50 

Angstroms and 5,000 Angstroms using a conventional 

deposition process depe_nding upon the material type· chosen. 

The insulating layer 408 may comprise the same material as 

the nonconductive barrier layer 164. 

Referring now to Fig. 20, the insulating layer 408 is 

anisotrcpically etched to form insu~ation layer spacers 409 

on the sidewalls of the trenches. The anisotropic etching 

is performed preferably by a plasma-assisted dry etching 

comprising an etching chemistry of one or more of the 

following gases: fluorocarbon, fluorine-subst.ituted 

hydrocarbon, flu~rine, chlorine, hydrocarbon, nitrogen, 

hydrogen, 8Cl3, oxygen, and argon . 

.i. \ 
Referring now to Fig. 21, the nonconductive barrier 

layer ·164 is etched through to.expose the metal layer 144. 
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The presence of the insulating layer spacers 409 on the 

sidewalls of the trenches p~events sputtered metal, metal 

oxides, and metal halides from diffusing into the second 

dielectric layer 168 and 172. · After the nonconductive 

barrier layer 164 etch, a clean is performed to remove any 

remaining metal contaminants. 

Referring now to Fig. ·22, a second-level conductive 

barrier layer 184 is deposited overlying the second 

dielectric layer 168-and 172, the insulating laye:r spacers 

409, and the lining the trenches. The second-level 

conductive barrier layer 184 may comprise any of the 

materials outlined above in the first embodiment. A second-

level metal layer· 188 is deposited overlying tJ1e second-

level conductive· barrier layer 184 and filling the 

trenches. The second-levei metal layer 188 and the second-

level conductive barrier layer 184 are subsequently 

polished down to form damascene interconnects 188. 

The darnascene interconnects 188 are patterned to form 

via plugs 204. This patterning is done by a 

photolithographic process. An organic bottom anti-

reflective coating (BARC) layer 19~ may optionally be 

-
applied overlying t~e second-level metal layer 188 and the 
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second dielectric layer 172 as outlined above irt the first 

embodiment. A photoresist layer 192, 196 is applied 

overlying the BARC layer 194_. After development, the 

photoresist layer 192, 19"6 remains overlying the second 

dielectric layer 172 and the _damascen~ interconnects 188 
. 

while exposing a selected part of-the damascene 

interconnects .. The presence of the photoresist layer 192 
. . 

overlying the second dielectric layer 172 protects the 

second dielectric layer 172 from.metal diffusion, 

especially of copper,· during the etching process. 

The patterning of the dama~cene interconnects 188 is 

accomplished by plasma-assisted dry etching or by __ wet. 

etching by methods disclosed above in the first embodiment. 

A wet ~etching. se.lective to the second-level metal layer 188."" 

relative to the second-level conductive barrier layer 184 

is again preferred. 

The etching process is timed such that the darnascene 

interconnects 188 are only partially etched down. After 

the etch, via. plugs 204 have been formed in an upper 

portion of the damascene interconnects 188. The remaining 

lower portion may now be called the conductive lines 200. 

Note that the via plugs 204 are formed from the same 
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second-level metal layer 188 as the conductive lines 200. 

Therefore, there is no possibility of the via plugs 204 

being_misaligned to the conductive lines 200. 

_ The presence of the insulating layer spacers 409 

prevents diffusion of metal ions, particularly coppe.;-, into 

the second dielectric layer 172 and 168 in two ways. First, 

if the photoresist sections 192 fall short of covering the 

second-level conductive barrier layer 184.and the 

insulating layer spacers 409, metal cont~ination is 

prevented. · Second, if the second-level conductive barrier 

layer 184 is partially etched away·412 during the metal 

etch, metal contamination is prevented. After the metal 

etching process, the process of the present invention may 

be completed as dis·closed- above in the first embodiment. 

A fourth preferred embodiment of the present invention 

is now disclosed. A passivation layer is herein 

incorporated into the present invention to enhance the 

process capability·of metal layer etching into vias plugs 

and conductive lines for a first level of interconnect. 

Referring again to Fig. 5, th:e process of the first. 

preferred embodiment is suspended~ after the metal layer 144 

and the.conductive barrier layer 140 are polished down to 
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form damascene interconnects. Referring now particularly to 

cig. 23, the fourth preferred embodiment initiates with the 

deposition of a passivation layer 420 overlying the first 

dielectric layer 132, the metal layer 144, and the 

conductive barrier layer 140. The passivation layer 420 

·comprises one of the group containing~ silicon ~itride, 

silicon carbide, silicon oxynitride, and BL.ok (Applied 

Materials Corporation) . The passiva.tion layer 420 is · 

deposited to a thickness of between abo.ut 50 Angstroms and 

3,000 Angstroms. 

Referring now to Fig. 24, an organic bottom anti-

·reflective coating (BARC) layer 149, as disclosed above in 

the first embodiment, may optionally be applied overlying . 

the-- passivation layer 420. A photoresist layer 148, 152 is 

applied overlying the BARC layer 149. After development, 

the photoresist layer 148, 152 remains overlying the first 

dielectric layer 132 and the damascene interconnects 144 

while exposing a selected part of the damascene 

interconnects. 

·Re.ferring now to Fig. 25, the BARC lay~r 149, 

• passivation' layer 420, and the metal layer 144 are etched 

down using a plasma-assisted dry etching-process. The 
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plasma-assisted dry etching process preferably uses an 

etching chemistry comprising one_ or more of the following 

gases: fluorocarbon, fluorine-substituted hydrocarbon, 

fluorine, chlorine, hydrocarbon, nitrogen, hydrog~n, 8Cl3,· 

oxygen, and argon. The etching process-is timed such that 

-the darnascene interconnects 144.are only partially etched 

down. After the etch, via plugs 160 have be~n formed in an 
. 

upper portion of the. damascene interconnects 144. The 

remaining lower portion may now be called the conductive 

lines 156. Note that the via plugs 160 are formed from the 

same metal layer 144 as the conductive lines 156. 

Therefore, there is no possibility of the via plugs 160 

being misaligned to the conductive lines 156-~ 

The presence of the passivation layer 420 prevents 

diffusion of metal ions, particularly copper, into the 

first dielectric layer 132 during the metal etch. 

Referring now to Fig. 26, the photoresist layer 148 
. 

and 152 and the BARC layer 149 are stripped away. Solvent 

strippers are preferably used that are compatible with a 

copper metal layer. Oxygen ashing can a·lso be used. 

However, a hydrogen or ammonia plasma treatment may be 

needed' to remove the copper oxide prior to the subsequent 
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deposition of the nonconductive barrier layer. The process 

of the present invention may then be completed as disclosed 

above· in the first embodiment. 

A fifth preferred embodiment of the present invention 

is now disclosed. A passivation-layer is herein 

incorporated into the present invention to e.nhance the 
. 

process capability during second-level metal layer etching 

into vias plugs and conductive lines for an upper level of 

interconnect. Referring again to Fi.g. 10, . the· process of · 

the first pref erred embodiment is suspended after the 

second-level metal layer 188 and the second-level 

conductive barrier layer 184 are polished down to form 

damascene interconnects~ Referring now particularly to Fig. 

27, ~the fifth preferred· embodiment initiates with the 

deposition of a passivation layer 430 overlying the second 

dielectric layer 172, the second-level metal layer 188 and 

the second-level conductive barrier layer 184. The 

passivation layer 430 comprises one of the group 

containing: silicon·nitride, silicon carbide, silicon 

oxynitride,_ and BLok by Applied Materials Corporation. The 

passivation layer 430 is .depos.ited to a thiGkness of 
.;. L 

between about 50 Angstroms and 3,000 Angstroms. 
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An organic bottom anti-reflective coating (3.A.RC) layer 

194, as disclosed above in the first embodiment, may 

optionally be applied overlying th-e passivation ·1ayer 430 . 
. . 

A photoresist layer 192 and 196 is applied overlying the 
-

BARC layer 194. The photoresist layer 192 and 196 is 

exposed and developed as in the s~cond level process of the 

first embodiment .. 

Referring now to Fig. 28, the BARC layer 194 and the 

passivation layer 430.are etched using.a plasma-assisted 

dry etch. The plasma-assisted dry etch is performed using · 

an etching chemistry comprising one or more of the 

following gases: flu6rc::>carbon, fluorine-substituted 

hydrocarbon, fluorine, chlorine,_hydrocarbon, nitrogen, 

hydr~gen, oxygen, and argon. The plasma-assisted dry 

etching may be continued to etch the dam.ascene 

interconnects 188 and to thereby form via plugs 204. The 

plasma-assisted dry etching of the metal layer 188 

preferably comprises one or more of the following gases: 

fluorocarbon, fluorine-substituted hydrocarbon, fluorine, 

chlorine, hydrocarbon, nitrogen, hydrogen, oxygen, BCl3, and· 

argon; 
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The etching process is timed such that the damascene 

interconnects 188 are only partially etched down. After 

the etch, via plugs 204 have been form~d in an upper 

portion of the damascene interconnects 188. The remaining 

lower portion may now be called the conductive lines 200. 

Note that the via plugs 204 ar.e formed from the sarr.~ 

second-level metal layer 188 as the conductive lines 200. 

Therefore, there is no possibility of the via plugs 204 

being misaligned to the conductive lin(!!s 200. 

The presence of the passivation layer 430 prevents 

diffusion of metal ions, particularly copper, into the 

· second dielectric layer 172. After the metal etchin_g 

process, the photoresist layer 192 and 196 and, the BARC 

layer 194 are removed,. preferably by using solvent 
. 

strippers that are compatible with a copper metal layer 

188. Oxygen ashing can be used, however, a hydrogen or 

ammonia plasma treatment may be needed to subsequently 

remove the copper oxide. The process of the present 

invention may be completed as disclosed above in the first 

embodiment. 

+ 
A sixth preferred embodiment of the present invention 

.. 
is· now disclosed. A passivation layer is herein 
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incorporated into the present invention to enhance the 

process capability of metal layer etching into vias plugs 

and condJ,J.ctive lines for a first -level of interconnect. 

Referring again to Fig. 5, the process of the first 

preferred embodiment is suspended after the metal layer 144 

· and the conductive barrier layer 140 are polished down to 

.form damascene interconnects. Referring now particularly to 

Fig. 29, the· s·ixth preferre.d embodiment initiates with the 

deposition of a passivation lay~r 440 overlying the first 

·dielectric layer 132, the metal layer 144, and the 

conductive barrier layer 140. The passivation layer 440 

comprises one of the group containing: silicon nitride, 

silicon carbide, silicon oxynitride, and BLok (Applied 

Materials Corporation). The passivation layer 440 is 

deposited to a thickness of~ between about 50 · An_gstroms and 

3,000 Angstroms. 

Referring now to· Fig. 30, an organic bottom anti­

reflective coating (BARC) layer 149, as disclosed above in 

the first embodiment; may optionally be ap~lied overlying 

the passivation layer 440. A photoresist layer 148, 152 is .. 

applied overlying the BARC laye_:r 149. ·After development,·· 

the photoresist layer 148, 152 remains overlying the first 

- dielectric layer 132 and the darnascene interconnects 144 
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while not covering a selected part of the damascene 

interconnects. 

Referring now to Fig. 31, the BARC layer 149 and the 

passivation layer 440 are etched down using a plasrna­

assisted dry etching process. The plasma-assisted dry 

etching process using an etching chemistry comprising ·one · 

or more of the following gases: fluorocarbon, fluorine­

substituted hydrocarbon, fluorine, chlorine, hydrocarbon, 

nitrogen, hydrogen, oxygen, and argon. Note that in this 

embodiment the dry-etching process does not etch the metal 

layer 144. 

Referring now to· Fig. 32, the I_Itetal layer 144 is . 

etched down usin.g a wet etch process to form via plugs 160. 

The etching process is ·timed such that the darnascene · 

interconnects 144 are only partially etched down. After 

the etch, via plugs 144 have been formed in an upper 

portion of the damascene interconnects 160. The remaining 

lower po~tion may now be called the conductive lines 156. 

Note that the via plugs 160 are formed from.the same metal 

·layer 144 as the conductive lines 156. Therefore, there is 

no possibility of the v~a plugs 160 being misaligned to the 

conductive lines 156. 
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The presence of the passivation layer 440 prevents 

dif·fusion of metal ions, particularly copper, into the 

first dielectric layer 132 d~ring the metal etch. The 

photor~sist layer 148 and 152 and the BARG layer 149 are 

stripped away. Solvent strippers are preferably used that 

are compatible with a copper metal layer. Oxygen ashing 

can also be us~d. · Howe:ver", . a hydrogen or arnritonia plasma~· 

treatment may be needed to remove the copper oxide.prior to 

the subsequent deposition of the nonconductive barrier 

layer. The process of the present invention may then be 

completed as disclosed above in the first embodiment. 

A seventh preferred embodiment of the pres.ent 

invention is now disclosed.~A passivation layer is herein 

incorporated into the present invention to enhance the 

process capability during second-level metal layer etching 

into vias plugs and conductive lines for an upper level of 

interconnect. Referring again to Fig. 10, the process of 

the first preferred embodiment is suspended after the 

second-level metal layer 188 and the second-level 

conductive barrier layer 184 are polished.down to form 

.·damascene interconnects. Referring rtow particularly to Fig. 

33, the ~eventh preferred embodiment initiate·s with the 
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deposition of a passivation layer 450 overlying the second 

dielectric layer 172, the second-level metal layer 188 and 

the second-level conductive barrier layer 184. The 

passivation layer 4"50 comprises one of the group 

containing:. si.1.icon nitride, siiicon carbide, silicon 

oxynitride, and BLok by Applied Materials Corporation. The 

passivation ];ayer 45:0 is deposited to a thickness of 

between about .so Angstroms and 3,000 Angstroms. 

An organic bottom anti-reflective coating {BARC) layer 

194, as disclosed above in the first embodiment, may 

optionally be applied overlying the passivation layer 450. 

A photor·esist layer 192 ·is applied overlying the BARC layer 

194 .. The photoresist layer 192 is exposed and developed as 

in the second level process of the first embodiment. 

Referring pow to Fig. 34, the BARC layer 194 and the 

passivation layer 450 are etched using a plasma-assisted 

dry etch. The plasma-assisted dry etch is performed using 

an etching chemistry comprising one or more of the 

following gases: fluorocarbon, fluorine-substituted 

hydrocarbon, fluorine, chlorinei ·hydrocarbon, nitrogen, . . 

hydrogen, oxygen, and argon. Note that the second-level 
~ 

metal layer 188 is not etched at Ehis point. 
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Referring now to Fig. 35. the second-level metal layer 

188 is etched down using a wet etching process to f.orm via 

plugs 204. The etching· process· is timed such that the 

damascene interconnects 188 a~e only partially etched down. 
. -

After the etch, via plugs 204 have been formed in an upper 

·portion of the damascene interconnects 188. The remaining 

lower portion may now be .called the conductive lines 200. 

Note that the via plugs 204 are formed from the same metal 

layer 188 as the conductive lines 200. Therefore, there is 

no possibility of the via plugs 204 being misaligned to the 

conductive lines 200. 

The presence of the passivation layer 450 prevents 

diffusion of metal ions,. particularly copper, into the 

second dielectric layer 172 during the metal etch. The 

photoresist layer 192 and 196 and the BARC layer 194 are 

stripped away. Solvent strippers are preferably used that 

are compatible with a copper ·metal layer. Oxygen ashing 

can also be used. However, a hydrogen or ammonia"plasma 

treatment may be needed to remove the copper oxide prior to 

the subsequent deposition of the nonconductive barrier 

layer. The process of the present invention may then be 

completed as disclosed above in the first embodiment. 
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An eighth preferred embodiment of the present 

invention is now disclosed. A passivation layer is herein 

incorporated into the present invention to.enhance the 

process capability o·f metal layer etching into vias plugs 

and conductive lines for a first level of interconnect and 

to act as a hard mask for the metal layer _etch. ~eferring 

again to Fig. 5r the process of the first preferred 

embodiment is suspended after the metal layer.144 and the 

conductive barrier layer 140 are polished.down to form 

damascene interconnects. Referring now particularly to Fig. 

36, the eighth preferred embodiment initiates with the 

deposition.of a passivation layer 460 overlying the first 

dielectric layer 132, the metal layer 144, and the 

conductive barrier l.ayer 140. The passivation layer 460 

comprises one of the group containing: silicon nitride, 

silicon carbide, silicon oxynitride, and BLok (Applied 

Materials Corporation). The passivation layer 460 is 

deposited to a thickness of between about 50 Angstroms and 

3,000 Angstroms. 

Referring now to Fig. 37, an organic bottom anti-

+ reflective coating (BARC) layer 149, as disclosed above in 

the first embodiment-, may optionall-y be applied overlying 
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the passivation layer 460. A photoresist layer 148, 152 is 

applied overlying the BARC layer 149. After development, 

the photoresist layer 1-4!3., 152 remains. overlying the first 

dielectric. layer 132 and the darnascene interconnects 144 

while not covering a selected part of the damascene 

interconnects·. 

R~rerring. now to Fig. 38, the BARC layer 149 and the 

passivation layer 460 are etched down using a plasrna­

assisted dry etching process. The plasma-assisted dry 

etching process using an etching chemistry comprising one 

or more of the following gases: fluorocarbon, fluorine­

substituted hydrocarbon, fluorine, chlorine, hydrocarbon, 

nitrogen, hydrogen, oxygen, a?d argon. Note that in this 

embodiment the dry-etching process. does not etch the metal 

layer 1114. 

Referring now to Fig. 39, the photoresist layer 148 

and 152 and the BARC layer 149 are stripped away. Solvent 

strippers are preferably used that are compatible with a 

copper metal layer. Oxygen ashing can also be used. 

·However, a hydrogen or ammonia plasma treatment ~Y become· 

optional to remove the copper oxide prior to the sub~equent 

deposition-of the nonconductive barrier layer. 
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The metal layer-144 is etched down to form via 9lugs 

160. The patterned passivation layer 460 acts a hard mask 

for the metal layer 144 etching process. The metal layer 

144 etching process may comprise a wet etch. Conversely,. a 

plasma-assisted dry etch may be used. The plasrna-assist~d 

dry etching comprises one or more of the following gases: 

fluorocarbon, zluorine-substituted hydrocarbon, fluorine, 

chlorine, hydrocarbon, nitrogen, hydrogen, oxygen, BCl3, and 

argon. The_etching process is timed such that the damascene 

interconne·cts 144 are only partially etched down. After 

the etch, via plugs ·144 have been formed in an upper 

portion of the damascene interconnects 160. The remaining 

lower portion may now be called the conductive lines 156. 

Note that the via p.lugs 160 are formed· from the same metal 

layer 144 as the -conductive lines 156. Therefore, there is 

no possibility of the via plugs 160 being misaligned to the: 

conductive lines 156. 

For either wet or dry etching, the presence of the 

conductive barrier layer 140 and the passivation layer 460 

prevent diffusion of metal ions, particularly copper, into 

the first dielectric layer 132 during the metal etch. The 
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process of the present invention may then be completed as 

disclosed above in the first embodiment. 

A ninth preferred embodiment of the present 'invention 

is now disclosed. A passivation layer is herein 

·incorporated into the present invention to enhance the 

process capability· during second-level metal layer etching 

into vias plugs and conductive lines for an upper level of 

interconnect and to act as a hard mask for the metal layer 

etching. Referring again to Fig. 10, .the process of the 

first preferred embodiment is suspended after the second­

level metal layer 188 and the second-level conductive 

barrier layer 184 are polished down to form darnascene 

interconnects .. Referring now particularly to Fig. 40, the 

ninth preferred embodiment initiates with the deposition of 

a passivation layer 470 overlying the second dielectric 

layer 172, the second-level metal layer 188 and the second­

level conductive barrier layer 184. The passivation layer 

470 comprises one of the group containing: silicon nitride, 

silicon carbide, silicon~oxynitride, and BLok by Applied 

Materials Corporation. The passivation layer 470 is 

deposited to a thickness of betwe~n about 50 Angstroms and 

3,000 Angstroms. 
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An organic bottom anti-reflective coating {3A..~C) layer 

194, as disclosed above in the first embodiment, may 

optionally oe applied overlying the passivation layer 470~ 

A photoresist layer 192 and 196 is applied· overlying the 

BARC layer ~94. The photoresist layer 192 and 196.is 

exposed and developed as in the second level proc_ess of the 

first embodiment. 

Referring now to Fig. 41, the BARC layer 194 and the 

passivation layer 470 are etched using a plasma-assisted 

dry-etch. The plasma-assisted dry etch is performed using 

an etching chemistry comprising one or more of the 

following gases: fluorocarbon, fluorine-substitut~d 

hydrocarbon, fluorine, chlqrine,.hydrocarbon, nitrogen, 

hydrogen, oxygen, and argon; Note. that the second-level 

metal layer 188 is not etched.at this point. 

Referring now to Fig. ·42, the photoresist layer 192 

and 196 and the BARC layer 194 are removed. Solvent 

· strippers are preferably used that are compatible with a 

copper metal layer. Oxygen ashing can also be used. 

However, a hydrogen or ammonia plasma treatment· may become 

optional to remove the copper oxide prio~ to the subsequent 

deposition of the noncanductive barrier layer. 
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The second-level metal layer 188 is etched down to 

form via plugs 204. The etching process may be comprise a -

wet etch. Conversely, a plasma-assisted dry·etch may be 

used. The plasma-assisted dry etching comprises one or more 

of the following gases: fluorocarbon, fluorine-:substituted 

hydrocarbon, "fluorine, chlorine~ hydrocarbon, nit~ogen, 

hydrogen, oxyqen, BCl3, and argon. The· etching proces_s is 

timed such that the damascene interconnects.188 are only 

partially etched down. After the etch, via plugs 204 have 

been 'formed in an upper portion of the damascene 

interconnects 188. T.he remaining lower portion may now be 

called the conductive lines 200. Note that the via plugs 

204 are formed from the same metal layer 188 as the 

conductive lines 20~0. Therefore, there is no possibility of 
. . 

the via plugs 204 being misaligned to the conductive lines 

200. 

The presence of the passivation layer 470 prevents 

diffusion of-metal ions, particularly copper, into the 

second dielectric layer 172 during the metal etch. The. 

photoresist layer 192 and 196 and· the BARC layer 194 are 

stripped away. Solvent strlppers are preferably used that 

are compatible with a copper metal layer. Oxygen ashing 

55 



can also be used. However, a hydrogen or ammonia plasma 

treatment may be needed to remove the copper oxide prior to 

the· subsequ~nt deposition of· the nonconduc~ive barrier 

layer. The process of the present invention may ~hen be 

completed _as disclosed above in th~ first embodiment. 

For either wet or·dry etching, the presence of the 

second-level conductiv~ barrier layer 184 and the 

passivation layer 470 prevent diffusion of metal ions, 

particularly coppe~, into the second dielectric layer 168 

and 172 during the metal etch. The.process of the present 

invention may then be completed as disclosed above in the 

first embodiment. 

As shown in the preferred ~mbodiments, the present 

invention provides a very· manufacturable process for 

forming metal interconnect levels in an integrated circuit 

device .. 

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 art 

that various changes in form and detail~ may be made 

without rleparting from the spirit and scope of the 
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invention. Further, while this invention has been 

disclosed with reference to specific materials for 

insulating layers, dielectric layers~ passivation layers, 

barrier layers and conductive metals, it will be understood 

by those skilled in the art of microelectronics and 
. 

multilevel interconnects that it is not limited to such 

materials .. 

What is claimed is: 
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1. A method to form metal interconnect levels in the 

manufacture of an integrated circuit device comprising: 

depositing a first dielectric layer. overlying a 

semiconductor substrate wherein said semiconductor 

5 substrate comprise~ all layers and devices formed prior to 

-
said deposititig of said first dielectric layer and wherein 

said first dielectric layer may comprise a stack of 

dieleGtric-materials; 

patterning said first dielectric layer to form 

10 trenches for planned damascene interconnects; 

depositing a conductive barrier layer overlying said 

first dielectric layer and lining said trenches; 

depositi~g a metal layer overlying said conductive 

barrier layer and filling said trenches; 

15 polishing down said metaL layer and said-conductive 

barrier fayer to confine said metal layer and said 

conductive barrier layer to said trenches and to thereby 

form said damascene interconnects; 

· patterning said damascene interconnects to form via 

20 plugs in an upper porti~n of said damascene interconnects 

wherein said patterning comprises partially etching down 

said damascene interconnects, whe~ein a via ·mask overlies 
~ 

and protects portions of said damascene interconnects·from 

sa·id etching· down, wherein a· trench mask overlies and 
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25 protects said first dielectric layer from metal 

contamination during said etching down, and wherein 

portions of said damascene interconnects partially etched 

down form conductive lines; 

depositing a nonconductive barrier layer overlying 

30 said first dielectric layer, _said conductive lines, and 

said via plugs;· and 

deposittng a second dielectric layer overlying said 

non-conductive barrier layer and filling gaps caused by 

said pat.terning of said copper layer to complete said metal 
. . 

35 interconnect level in the manufacture of said integrated 

circuit device. 

2. The method according to Claim 1 wherein said first 

dj.electric layer comprises one of the group of: undoped 

silicon dioxide (Si02), fluorine-doped silicon dioxide, 

phosphorus-doped silicon dioxide, boron-doped silicon 

5 dioxide, phosphorus and boron-doped silicon dioxide, 

carbon-doped silicon dioxide, organic ~olymers, hydrogen-

doped silicon dioxide, and porous combinations of any of 

the above materials. 

3. The method according to Claim 1 wherein said conductive 

-· 
barrier layer comprises one of the group of~ titanium, 
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titanium nitride, tantalum, tantalum nitride, tu~gsten 

nitride, ternary metal-silicon-nitride (WSixN.,), and ternary 

5 metal-boron-Jiitride (WBxNyi, and combinations of any of the 

·above mentioned materials. 

4·. The method according to Claim 1 wherein said metal layer_ 

comprises one of the group of: copper, copper alloys, 

aluminum, and· aluminum alloys. 

5. The method according to Claim 1 wherein said etching 

down of said damascene interconnects is by one of the group 

of: wet etching and plasma-assisted dry etching. 

6. The methoq according to Claim 1 wherein said 

noriconductive barrier layer comprises one of the gr~up. of: 

silicon nitride, Applied Material Corporation's BLok, 

silicon carbide, carbon nitride, boron nitride, carbon 

5 boron nitride, and silicon oxynitride. 

7. The method according to Claim 1 wherein said second 

dielectric layer comprises one of the group of: undoped 

silicon dioxide (Si02), fluorine-doped silicori dioxide, 
L f 

phosphorus-doped silicon dioxide, boron~doped silicon 
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5 dioxide, phosphorus and boron-doped silicon dioxide, 

carbon-doped silicon dioxide, organic polymers, hydrogen-

doped silicon dioxide, and porous combinations of any of 

'the above materials. 

8. The method according to Claim 1 further comprising 

depositing an etch stopping layer overlying said 

semiconducto~ substrate prior to said step of depositing 

said first dielectric layer. 

9. The method according to Claim 1 further comprising: 

depositing an insulating layer overlying said first 

dielectric layer and lining said trenches after said step 

of patterning said first dielectric layer to.form trenches 

5 for planned damascene interconnects; and 
. 

anisotropically etching down said ·insulating layer to 

form insulating layer spacers on the sidewalls of said 

trenches prior to said step of depositing a conductive 

barrier layer wherein the presence of said insulating layer 

10 spacers prevents metal diffusion into said first dielectric 

layer. 

10. The method according to Claim 9 wherein said insulating 

layer ·comprises one of the.-group of: s1licon nitride, 
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silicon oxynitride, Applied Material Corporation's BLok, 

silicon carbide, and boron nitride. 

11. The method according to Claim 1 further comprising 

depositing a passivation layer overlying said damascene 

interconnects, said conductive barrier layer, and said 

first dielectric layer after said step of polishing down 

5 said metal layer and said barrier layer wherein the 

presence of said passivation layer overlying said first 

dielectric layer prevents metal diffusion into said first· 

dielectric layer. 

12. The method according to Claim 11 wherein said 

passivation layer_ comprises one of the group containing: 

silicon· nitride, silicon carbide.,. silicon oxyn_itride, and 

Applied Materials Corporation's BLok. 

13. The method according to Claim 11 further comprising 

patterning said passivation layer to form a hard mask 

wherein said hard mask is-used in said step of patterning 

said damascene interconnects. 

14. A method to form copper intercdnnect!levels in the 

manufacture of ·an integrated circuit device comprising: 
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depositing a first dielectric layer overlying a 

semiconductor substrate wherein said semiconductor 

5 substrate comprises all layers and devices formed prior to 

said depositing of said first dielectric layer and wherein 

said first dielectric layer may comprise a stack of 

dielectric materials; 

patterning said first dielectric layer to form 

10 trenches for ~lanned damascene interconnects; 

15 

depositing a conductive barrier layer overlying said 

first dielectric layer and lining said trenches; 

depositing a copper layer overlying said conductive 

barrier layer and fillihg Said trenche~; 

polishing down said copper layer and said conductive 

barrier layer to confine said copper layer and.said 

conductive barrier layer to said trenches and to thereby 

form said damascene interconnects; 

patterning said damascene interconnects to form· via 

20 plugs in an upper portion of said damascene interconnects 

wherein said patterning comprises partially etching down 

said damascene interconnects, wherein a via mask overlies 

and protects portions of said damascene interconnects·from 

said etching down, wherein a trench mask overlies and 

25 protects said first dielectric layer from copper 

contamination during said etching down, and wherein 
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portions of said damascene interconnects partially etched 

down form conductive lines; 

depc»siting a nonconductive barrier layer overlying 

30 · said first dielectric layer, said conductive lines, and 

said via ~lugs; and 

depositing a second dielectric layer overlying said -

non-conductive barrier layer and filling gaps caused by 

said patterning of said copper layer to complete said metal 

35 interconnect level in the manufacture of said integrated 

circuit device. 

15. The method according to Claim 14 wherein said first 

dielectric layer comprises one of the group of: undoped 

silicon dioxide (Si02), fluorine~doped silicon dioxide, 

phosphorus-doped silicon dioxide;· boron-doped silicon 

- 5 dioxide, phosphorus and boron-doped silicon dioxide, 

carbon-doped silicon dioxide, organic polymers, hydrogen-

doped silicon dioxide, and porous combinations of any of 

the above materials. 

16. The method according to Claim 14 wherein said 

conductive barrier layer comprise~ o~e of the group of: 

.1 ' titanium, titanium nitride, tantalum, tantalum nitride, 

tungsten nitride, ternary metal-silicon-nitride (WSixNy), 
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5 and ternary metal-boron-nitride (WBxNy1, and combinations of 

any of the above mentioned materials. 

. 
17. The method according to Claim 14 wherein said 

nonconductive barrier layer comprises one of the group of: 

silicon nitride, Applied Material Corporation's B_Lok, 

silicon carbide, carbon nitride, boron nitride, carbon 

5 boron nitride, and silicon oxynitride. 

18. The method according to Claim 14 further comprising 

depositing an etch stopping layer overlying said 

semiconductor substrate prior to said step of depositing 

said first dielectric layer. 

19. The method according to Claim 14 further comprising: 

depositing an insulating layer overlying said first 

dielectric layer and lining said trenches after said step 

of patterning said first dielectric layer to form trenches 

5 for planned damascene interconnects; and 

anisotropically etching down said insulating layer to 

form insulating layer spacers on the sidewalls of said 

trenches prior to said step of depositing a conductive 

barrier layer wherein the presence of said insulating layer 
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10 spacers pr~vents copper diffusion into said ~irst 

dielectric layer. 

20. The method according to Claim 19 wherein said 

insulating _layer comprises one of the group . of: silicon 

nitride, silicon oxynitride, Applied Material Corporation's 

BLok, silicon carbide, and boron nitride. 

21. The method according to Claim 14 further comprising 

depositing a passivation layer overlying said damascene 

interconnects, said conductive barrier layer, a~d said 

first dielectric layer after said· step of polishing down 

5 said copper layer and said barrier layer wherein the 

presence of said passivation layer overlying said first 

dielectric layer prevents. copper~diffusion into said first 

dielectric layer. 

22. The method according to Claim 21 wherein said 

passivation layer comprises one of the group containing: 

silicon nitride, s·:i.licon aarbide, silicon oxynit.ride, and 

Applied Materials Corporation's BLok. 

23. The method according to Claim+ 21 further comprising 

pattern'J.ng said passivation layer to form a hard mask 
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wherein said hard mask is used in said step of patterning 

said damascene interconnects. 

24. A method to form copper interconnect "levels in the 

manufacture of an integrated circuit device compr~sing:-

depositing a first dielectric layer overiy~ng a 

semiconductor substrate wherein said semiconductor 

5 subst.rate comprises all layers and devices formed prior to 

said depositing of said first dielectric layer and wherein 

said first dielectric layer may comprise a stack of 

di~lectric materials; 

patterning said first dielectric layer to form 

10 trenches for planned damascene interconnects; 

depos.i ting an insulating layer over.lying said first 

dielectric layer and lining said trenches; 

. . .. anisotropically etching down said insulating layer to· 

form insulating layer spacers on the sidewalls of said 

15 trenches; 

depositing a conductive barrier layer overlying said 

first dielectric layer and said insulating layer spacer, 

and lining said trenches; 

depositing a copper layer overlying said conductive 

20 barrier layer and filling said trenches; 
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polishing down said copper layer and said conductive 

barrier layer to confine said copper lay~r and said 

conductive _!:>arrier layer to said trenches and to thereby 

form said damascene interconnects; 

25 patt~rning said damascene interconnects to form via 

··plugs in an upper portion of said damascen~ interconnects 

wherein said patterning comprises partially etching down 

said damascene interconnects, wherein a via mask o·.;erlies 

and protects portions of said darnascene interconnects from 

30 said etching down, wherein a trench mask overlies and 

protects said first dielectric layer from copper 

contamination during said etching down, wherein the 

presence of said insulating layer spacers prevents copper 

diffusion into said first dielectric layer, and wherein 

35 portions of said darnascene interco~nects partially etched 

40 

down form conductive lines; 

depositing a nonconductive barrier layer overlying 

said first dielectric layer, said conductive lines, and 

said via plugs; and 

depQsiting a second dielectric layer overlying said 

non-conductive barrier layer and filling gaps caused by 

said patterning of _said copper lay_~r to complete said metal 

interconnect level in the manufacture 6f said integrated 

circuit device.· 
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2-5. The method according to Claim 24 wherein said first 

dielectric layer comprises one of the group of: undoped 

silicon dioxide (Si02), fluorine-doped.silicon dioxide, 

phosphorus-doped silicon dioxide, boron-doped -silicon 

5 dioxide, phosphorus and boron-doped silicon d,ioxide, 

carbon-doped silicorr dioxide, organic polymers, hydrogen­

doped silicon.dioxide, and porous. combinations of any of 

the above materials. 

·26. The method according to Claim 24 wherein said 

conductive barrier layer comprises one of the group of: 

titanium, titanium nitride, tantalum, tantalum nitride, 

tungsten nitride, ternary metal-silicon-nitride (~SixNy), 

5 and ternary metal-boron-nitride (WBxNy1, and combinations of 

any of·the above mentioned materials. 

27. The method according to Claim 24 wherein said 

nonconductive barrier layer comprises one of the group of: 

silicon nitride, Applied Material Corporation's BLok, 

silicon carbide, carbon nitride, boron nitride, carbon 

5 boron nitride,·and silicon oxynitride. 
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28. The method according to Claim 24 wherein said 

insulating layer comprises one of the group of: silicon 

nitride, ·silic.on oxynitride, Applied Material. Corporation's 

. BLok, silicon carbide, and boron nitride. 

29: The method according to ClaiJU 24 further comprising 

depositing a passivation layer overlying said damascene 

interconnect~r said conductive barrier layer, said 

insulating layer spacers, and said first dielectric layer 

5 after said step of polishing down said copper layer arid 

said barrier layer wherein the presence of said passivation 

layer overlying said first dielectric layer prevents copper 

diffusion into said first dielectric layer. 

30. The method according to Claim-29 further comprising 

patterning·said passivation layer to form a hard mask 

wherein said hard mask is used in said step of patterning 

said damascene interconnects. 

- 31. A method to form copper interconnect levels in the 

manufacture of an integrated circuit device comprising: 

depositing a first dielectric layer overlying a 

semiconductor+ substrate wherein said semiconductor 
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5 substrate comprises all layers and devices-fo.:-med prior to 

said depositing of said first dielectric layer and wherein 

said first dielectric layer may comprise a stack of 

dielectric materials; 

patterning said first dielectric layer to form 

10 trenches for planned damascene inte.rconnects; 

depositing a conductive barrier layer overlying said 

first dielectric layer and lining sai~ trenches; 

depositing a copper layer overlying said conductive 

barrier layer and filling said trenches; 

15 polishing down said copper layer and said conductive 

barrier layer to confine said copper layer and said 

conductive barrier layer to said trenches and to the~~by 

form said damascene interconnects; 

depositing a passivation layer overlying sa·id 

20 damascene interconnects·, said conductive barrier layer, and 

said first dielectric layer after said step of polishing 

down said copper layer and said barrier layer. 

patterning said passivation layer and said damascene 

interconnects to form via plugs in an upper portion of said 

25 damascene interconnects wherein said patterning comprises 

partially etching down said damascene interconnects, 

wherein a via mask overlies and protects portions of said 
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darnascene interconnects from said etching down, wherein a 

trench mask overlies and protects said first dielectric 

30 layer from copper·c9ntamination during said etching down, 

wherein the presence of said passivation layer overlying 

said first dielectric layer prevents copper diffusion into 

said first dielectric layer, and. wherein portions of said 

damascene interconnects partially etched down form 

35 conductive lines; 

depositing a nonconductive barrier layer overlying 

said first dielectric layer, said conductive lines, and 

said via plugs; and 

depositing a second dielectric layer overlying said 

non-conductive barrier layer and filling gaps caused by 

40 said p·atterning of said copper layer t.o complete said metal 

~nterconnect level in the manufacture 0f said integrated 

cfrcuit device. 

32. The method according to Claim 31 wherein said first 

dielectric layer comprises one of. the group of: undoped 

silicon dioxide (Si02}, fluorin~-doped silicon dioxide, 

phosphorus-doped silicon dioxide, boron-doped silicon 

5 dioxide, phosphorus and boron-doped silico~ dioxide, 

carbon-doped silicon dioxide, organic polymers,· hydrogen-
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doped silicon dioxide, and porous combinations of any of 

the above materials. 

33. The method acco~ding to Claim 31 wherein said 

conductive barrier layer comprises one of the group of: 

titanium, titanium nitride, tantalum, tantalum nitride, 

tungsten nitride, te~n~ry. metal-silicon-nitride (WSixNy), 

.5 and ternary m~.tai-boron-nitride (WBxNy1, and cornbin.;ttions of 

any of the above mentioned materials. 

34. The method according to Claim 31 wherein said 

nonconductive barrier layer comprises one of the group of: 

silicon nitride, Applied Material Corporation's BLok, · 

silicon carbide, carbon nitride, boron nitride, carbon 

5 boron nitride, and silicon oxynitride. 

35. The method according to Claim 31 further comprising: 

depositing an insulating layer overlying said first 

dielectric layer and lining said trenches after said step 

of patterning said first dielectric layer to form trenches 

5 for planned damascene interconnects; and 

anisotropically etching down said insulating layer to 

form insulating layer.spacers on the sidewalls of said 
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trenches prior to said step of depositing a conductive 

barrier layer wherein the presence of said insulating layer 

10 space~s prevents copper diffusion into said first 

dielectric layer. 

36. The method according to Claim 31 wherein said 

passivation layer comprises one of the group containing: 

silicon nitride, silicon carbide, ·silicon oxynitride, and 

Applied Materials Corporation's BLok. 

37. The method according to Claim 31 further comprising 

patterning said passivation layer to form a hard mask 

wherein said· hard. mask is used in said step of patterning 

said darnascene interconnects. 
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