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INTEGRATION OF SILICON-RICH MATERIAL IN THE SELF-ALIGNED VIA 

APPROACH OF DU.AL D.AMASCENE INTERCONNECTS 

BACKGROUND OF THE INVENTION 

(1) FIELD OF THE INVENTION 

This invention relates to a method of fabrication used 

for semiconductor integrated circuit devices, and more 

specifically, in the formation of self-aligned dual damascene 

interconnects and vias, which incorporates low dielectric 

constant intermetal dielectrics (IMO) and utilizes silylated 
·'· .. ~ . 

top surface imaging (TSI) photoresist, with a single or._.. 

multi-step selective reactLve ion etch (RIE) process, to form 

trench/via opening. 

(2) DESCRIPTION OF RELATED ART 

As a background to the current invention, the damascene 

processing is an altern~tive method for fabricating planar 

interconnects. Damascene wiring interconnects (and/or studs) 

are formed by depositing a dielectric layer on a planar 

. surface, patterning it using photolithography and oxide 

reactive ion etch (RIE), then filling the recesses with 

conductive metal. The excess metal is removed by chemical 

mechanical polishing (CME'), while the troughs or channels 

remain filled with metal. For example, damascene wiring lines 

can be used to form bit lines in DRAM devices, with 

processing similar to the.formation of W studs in the logic 

and DRAM devices. 
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Key to the damascene processing approach is that the 

deposited conductive metal is deposited into a previously 

deposited patterned insulator. This is desirable because mask 

alignment, dimensional control, rework, and the etching 

process are all easier when applied to a dielectric rather 

than metal films. Damascene processing achieves these 

benefits by sh;fting the enhanced filling and planarization 

requirements from dielectric to metal films, and by sh~fting 

control over interconnect thickness from metal deposition to 

insulator patterning and metal CMP. 

It remains a challenge in dual damascene processing to 

avoid damage to low dielectric constant insulators, i.e., 

organically based or carbon doped silicon dioxide materials. 

One significant problem is the degradation of the low 

dielectric constant materials during photoresist stripping 

with oxygen plasma ashing, wherein oxygen free radials react 

with carbon and hydrogen contained in low dielectric 

materials. Especially_ when patterning a via opening in the 

_first level of a dual damascene,·utilizing conventional 

photoresist processes, other deleterious effects can also 

occur to the low dielectric constant materials, e.g., bowing, 

profile distortion, increase in dielectric constant, and via 

poisoning are just some degradation effects. In addition, 

etching of via etch stop layers, i.e., silicon nitride, can 

cause gouging of the low dielectric constant organic material 

just below the stop layer. Post-etch solvent cleaning after 
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the low dielectric material etch, can also attack the nitride 

stop layer/low dielectric constant material interface. 

The related Prior Art background patents will now be 

described in this section. 

U.S. Pat. No. 5,935,762 entitled ~Two-Layered TSI 

Process for Dual Damascene Patterning" granted Aug. 10 ,· 1999 

to Dai et al. describes a method for forming dual damascene 

patterns using a silylation process. A substrate is provided 

with a tri-layer of insulation formed thereon. A first layer 

of s"ilylation photoresist is formed on the substrate and is 

·imaged with a hole pattern by exposure through a mask. The 

hole pattern is then etched in the first photoresist. A 

second layer of photor~sist is fo~d,· and is imaged with a 

line pattern aligned with the previous hole pattern by 

exposure through a mask .. The line pattern in the second 

photoresist is etched •. The hole pattern in the first 

photoresist is transf~rred into the top layer of composite 

insulation first and then into the middle etch-stop layer by 

successive etching •. Through a series of process steps, hole 

and line patterns are formed in the insulation layer, and 

metal is deposited in a dual damascene process. 

U.S. Pat. No. 5,877,075 entitled "Dual Damascene Process 

Using Single Photoresist Process" granted Mar. 2, 1999 to Dai 
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et al. describes a dual damascene process using a silylation 

process with a single photoresist process. A substrate is 

provided with a tri-layer of i~sulation formed thereon. A 

layer of photoresist is formed on the substrate and is imaged 

with a hole pattern by exposure through a dark field mask. 

Hole is formed in the photoresist by a wet etch. As a key 

step, the photoresist is next subjected to post-exposure bake 

such that the sensitivity of the photoresist is still'·· 

retained. The same photoresist layer is then exposed for the 

second time for aligned line patterning using a uclear-field" 

mask. The line patterned r~gion is cross-linked by performing 

pre-silylation bake, which region in turn is not affected by 

the subsequent silylation process that forms a silicon rich 

mask in the field surrounding the hole and line patterns. 

Through a series of process steps, hole and line patterns are 

formed in the insulation layer, and metal is deposited in a 

dual damascene process. 

U.S. Pat. No. 5,741,626 entitled uMethod for Forming a 

Dielectric Tantalum Nitride Layer as an Antireflective 

Coating (ARC)" granted Apr. 21, 1990 to Jain et al. describes 

a process with an anti-reflective Ta3N5 coating which can be 

used in a dual damascene structure and for I line or G line 

lithographies. In addition, the Ta3N5 coating may also be 

used as an etch stop and a barrier layer. A dual damascene 

structure is formed by depositing a first dielectric layer. A 

dielectric tantalum nitride layer is deposited on top of the 
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first dielectric layer. A second dielectric layer is 

deposited on the tantalum nitride layer. A dual damascene 

opening is etched into the dielectric layers by patterning a 

first opening portion and a second opening portion using 

photolithography operations. 

U.S. Pat. No. 5,906,911 entitled. uprocess of Forming a 

Dual Damascene Structure in·a Single Photoresist Film#· 

granted May 25, 1999 to Cote describes a dual damascene 

process using just one single layer of photoresist with two 

photomasks and selective silylation. The pr.ocess includes the .. 
steps of forming a pho.toresist film on a substrate, pc;tttern 

exposing the photoresist film to form a first pattern in the 

photoresi_st film, and forming an etch resistant layer in the 

first pattern. The photoresist film is pattern exposed a 

second time to form a second pattern in the photoresist film. 

After several more process steps and etching, dual damascene 

trench and via opens are formed. 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to 

provide an improved method of forming semiconductor 

integrated circuit devices, and more specifically, in the 

formation of self-aligned dual damascene interconnects and 

vias, which incorporates low dielectric constant interrnetal 

dielectrics (IMO) and utilizes silylated top surface imaging 
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(TSI) photoresist, with a single or multi-step selective 

reactive ion etch (RIE) process, to form trench/via opening. 

The unexposed resist regions are removed by selective etching 

of this non-silylated material using either an oxygen plasma, 

or SOz or S03, plasmas or gases . 

The low dielectric constant materials, utilized in this 

invention, consist of either an organic based material ·or a 

carbon doped silicon dioxide, and various combinations of the 

organic based material and carbon doped silicon dioxide. The 

organic based materials co~sists of, but are not restricted 

to, polyimide, uFLARE" (source Allied Signal, now Honeywell), 

usILK" (source Dow Chemical). 

In the first embodiment of this invention, provided are 

the following: a semiconductor silicon substrate with an 

interlayer dielectric ULD) layer thereon, with a level of 

metal wiring being defined and embedded in a layer of 

insulator. The first embodiment of the present invention 

starts with these conventional layers being provided. A 

bottom passivation layer is deposited on the metal wiring 

layer. Next, a low dielectric constant material layer is 

deposited on the bottom passivationl layer. The low 

dielectric constant material consists of either an organic 

based material or a carbon doped silicon dioxide. In the 

first embodiment of this invention, a thin dielectric layer 

is deposited over the first layer of low dielectric constant 
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material. The thin dielectric layer is selected from the 

group consisting of silicon dioxide, silicon nitride, silicon 

carbide, and silicon oxynitride. Next, top surface imaging 

(TSI) resist is placed over the thin dielectric layer. The 

resist is exposed to ultraviolet radiation, wavelength less 

than 248 run, and using a photo mask, exposed regions and 

unexposed regions are formed. The exposed resist regions, 

later on in the process, become an etch stop for subs~quent 

via formation, while the unexposed resist regions define the 

subsequent via opening. 

The next set of process steps are key to the first 

embodiment of the present invention. The top surface imaging 

(TSI) res_ist, exposed regions are silylated becoming silicon 

rich containing material. The silylation is performed using 

HMDS (hexamethyldisilaz~e), in vapor phase, although 

solutions of 10% HMCTS (hexamethylcyclotrisilazane in xylene) 

can also cause the resist to be silylated. Next, a second 

layer of low dielectric constant material is deposited on the 

top surface imaging (TSI) resist, exposed silylated resist 

region and unexposed non-silylated resist region. As before, 

the low dielectric constant material consists of either an 

organic based material or a carbon doped silicon dioxide. 

Next, a cap layer of silicon nitride is deposited on the 

second layer of low dielec~ric constant material. Photoresist 

is applied and patterned over the cap layer, for subsequent 

trench opening in a dual darnascene process. Note, that at 
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this stage in the first embodiment of the present invention, 

both via region and trench region are now pattern defined for 

subsequent etching and trench/via opening in dual damascene 

processing. 

The final set of process steps in the first embodiment 

of this invention are now described. A single or multi-step 

selective etching, reactive ion etch (RIE), is now performed, 

which is patterned by photoresist for a trench opening and 

silylated resist for an aligned via opening. The combined 

etching of the trench· and via selectively etches through the .. 
top cap layer and through the second low dielectric layer. 

In addition, the unexposed resist, organic in nature, is 

selectively etched away. The silylated resist regions are 

resistant to the etch and act as a mask, patterning the 

opening for the via. Both exposed portions of the thin 

dielectric layer and exposed portions of the first layer of 

low dielectric material, are selectively etched away, 

stopping on the bottom passivation layer. Hence, after the 

selective etch and post etch cleaning, both trench opening 

and via opening are simultaneously formed for dual damascene 

processing. Subsequent dual damascene processing steps 

include: removal of the bottom passivation material in the 

contact via region and deposition of copper with.removal of 

the excess copper by chemical mechanical polish (CMP), thus 

forming inlaid copper interconnects and contact vias. 
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In the second embodiment of this invention, provided are 

the following: ·a semiconductor silicon substrate with an 

interlayer dielectric (ILD) layer thereon, with a level of 

metal wiring being defined and embedded in a layer of 

insulator. The second embodiment of the present invention 

starts with these conventional layers being provided. A 

bottom passivation layer is deposited on the copper wiring 

layer. Next, a low dielectric constant material layei·is 

deposited on the bottom passivation layer. The low dielectric 

constant material consists of either an organic based 

material or a carbon dope~ silicon dioxide. In the second 

embodiment of this invention, a thin dielectric layer is 

deposited over the first layer of low dielectric constant 

material. The thin dielectric layer is selected from the 

group consisting of si.licon dioxide, silicon nitride, silicon 

carbide, and silicon oxynitride. Next, top s~rface imaging 

(TSI) resist is placed over the thin dielectric layer. The 

resist is exposed to ultraviolet radiation, wavelength less 

than 248 nm, and using a photo mask, exposed regions and 

unexposed regions are formed. The exposed resist regions, 

later on in the process, become an etch stop for subsequent 

via formation .. The top surface imaging (TSI) resist is 

silylated becoming silicon rich containing material. The 

silylation is performed using HMDS (hexamethyldisilazane), in 

vapor phase, although solutions of 10% HMCTS 

(hexamethylcyclotrisilazane in xylene) can also cause the 

resist to be silylated. The unexposed resist regions are 
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removed by selective etching of this non-silylated material 

using either an oxygen plasma, or S02 or S03, plasmas or 

gases. Note, that this process then defines the subsequent 

via opening. The sensitive organic low dielectric constant 

material is protected from this etch process by the thin 

dielectric. 

The next set of processing steps in the second 

embodiment of the present invention are now summarized. A 

second· layer of low dielectric constant material is deposited 

on the top surface imaging (TSI) resist, that is, the exposed 
·• 

silylated resist region and over the thin dielectric layer. 

As before, the low dielectric constant material consists of 

either an_ organic based material or a carbon doped silicon 

dioxide. Next, a cap layer of silicon nitride is deposited on 

the second layer of low dielectric constant material. 

Photoresist is applied and patterned over the cap layer for 

subsequent trench opening, in a dual damascene process. Note, 

that.at this stage in the second embodiment of the present 

invention,· both via region and trench region are now pattern 

defined for subsequent etching and trench/via opening in dual 

damascene processing. 

The final set of process steps in the second 

embodiment of this invention are now described .. A single or 

multi-step selective etching, reactive ion etch (RIE), is 

performed which is patterned by photoresist for trench 
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opening and silylated resist for an aligned via opening. The 

single or multi-step selectively etches through the top cap 

layer and through the second low dielectric layer. The 

silylated resist regions are resistant to the etch and act as 

a mask, patterning the opening for the via. Both exposed 

portions of the thin dielectric layer and exposed portions· of 

the first layer of low dielectric material, are selectively 

etched away, stopping on the bottom passivation laye:i:·. ·Hence, 

after the selective etch and post etch cleaning, trench 

opening and via opening are simultaneously formed for dual 

damascene processing. Subs?quent dual damascene processing 

steps include: removal of the bottom passivation material in 

the contact via region and deposition of copper with removal 

of the excess copper by chemical mechanical polish (CMP), 

thus forming inlaid copper interconnects and contact vias. 

In the third embodiment of this invention, provided are 

the following: a semiconductor silicon substrate with an 

interlayer dielectric (ILD) layer thereon, with a level of 

metal wiring being defined and embedded in a layer of 

insulator. The third embodiment of the present invention 

starts with these conventional layers being provided. A 

bottom passivation layer is deposited on the metal wiring 

layer. Next, a low dielectric constant material layer is 

deposited on the bottom passivation layer. The low dielectric 

constant material consists of either an organic based 

material or a carbon doped silicon dioxide. In the third 
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embodiment of this invention, a layer of thin dielectric 

utilized earlier is omitted, provided adhesion be~ween the 

first layer of low dielectric constant material, mentioned 

above, and subsequent resist material, is adequate. Next, top 

surface imaging (TSI) resist is placed on the low dielectric 

constant material layer. The resist is exposed to ultraviolet 

radiation, wavelength less than 248 nm, and using a photo 

mask, exposed regions and unexposed regions are forrn~a·. The 

exposed resist regions, later on in the process,,becorne an 

etch stop for subsequent via formation, while the unexposed 

resist regions define the ~ubsequent via opening. 

The next set of process steps are key to the third 

embodiment of the present invention. The top surface imaging 

(TSI) resist, exposed regions are silylated becoming silicon 

rich containing materi~.· The silylation is performed using 

HMDS, (hexamethyldisilazane), in vapor phase, although 

solutions of 10% HMCTS (hexarnethylcyclotrisilazane in xylene) 

can also cause the resist to be silylated. Next, a second 

layer of low dielectric constant material is deposited on the 

top surface imaging (TSI) resist, exposed silylated resist 

region and unexposed non-silylated resist region. As before, 

the low.dielectric constant material consists of either an 

organic based material or a carbon doped silicon dioxide. 

Next, a cap layer of silicon nitride is deposited on the 

second layer of low dielectric constant material. Photoresist 

is applied and patterned over the cap layer, for subsequent 
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trench opening in a dual damascene process. Note, that at 

this stage in the third embodiment of the present invention, 

both via region and trench region are now pattern defined 

for subsequent etching and trench/via opening in dual 

damascene processing. 

The.final set of process steps in the third embodiment 

of this invention are now described. A single or mult1-step 

selective etching, reactive ion etch (RIE), is performed, 

which is patterned by photoresist for trench opening and 

silylated resist for an al.~gned via opening. The single or 

multi-step selectively etches through the top cap layer and 

through.the second low dielectric layer. In addition, the 

unexposed resist, organic in nature, is selectively etched 

away. The silylated resi~t regions are resistant to the etch 

and act as a mask, patt(erning the opening for the via. 

Exposed portions of the first layer of low dielectric 

material, are selectively etched away, stopping on the bottom 

passivation layer. Hence, after the selective etch and post 

e~ch cleaning, trench opening and via opening are 

simultaneously formed for dual damascene processing. 

SUbs.equent dual damascene processing steps include: removal 

of the bottom passivation material in the contact via region 

and deposition of copper with removal of the excess copper 

by chemical mechanical polish {CMP), thus forming inlaid 

copper interconnects and contact vias. 
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In the fourth embodiment of this invention, provided are 

the following: a semiconductor silicon substrate with an 

interlayer dielectric (ILD) layer thereon, with a level of 

metal wiring being defined and embedded in a layer of 

insulator. The fourth embodiment of the present invention 

starts with these conventional layers being provided. A 

bottom passivation layer is deposited on the copper wiring 

layer. Next, a low dielectric constant material lay~~ 1s 

deposited on the bottom passivation layer. The low dielectric 

constant material consists of either an organic based 

. material or a carbon doped silicon dioxide. In the fourth . . 
embodiment of this invention, a layer of thin dielectric 

utilized earlier is omitted, provided adhesion between the 

first layer of low dielectric constant material, mentioned 

above, and subsequent resist material, is adeqtiate~ Next, top 

surface imaging (TSI) l(esist is placed on the low dielectric 

constant material layer. _The resist is exposed to ultraviolet 

radiation, wavelength less than 248 nm, and using a photo 

mask, exposed regions and unexposed regions are formed. The 

exposed resist regions, later on in the process, become an 

etch stop for subsequent via formation, while the unexposed 

resist regions define the subsequent via opening. The top 

surface imaging (TSI) resist is silylated becoming silicon 

rich containing material. The silylation is performed using 

HMDS (hexamethyldisilazane), in vapor phase, although 

solutions of 10% HMCTS (hexamethylcyclotrisilazane in xylene) 

can also cause the resist to be silylated. The unexposed 
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resist regions are removed by selective etching of this 

non-silylated material using S02 or S03, plasmas or gases. 

Note, that this process then defines the subsequent via 

opening. The sensitive organic low dielectric constant 

material is now exposed to etching in this process, hence the 

designated use of S02 or SOs, in plasmas, or gases, is 

specified. 

The next set of processing steps in the fourth 

embodiment of the present invention are now summarized. A 

second layer of low dielec,.t:ric constant material is deposited 

on the top surface imaging (TSI) resist, that is, exposed 

silylated resist region and on the exposed portion of the 

first low dielectric material. As before, the low dielectric 

constant material consists of either an organic based 

material or a carbon d~ped silicon dioxide. Next, a cap layer 

of silicon nitride is deposited on the second layer of low 

dielectric constant material. Photoresist is applied and 

patterned over the c~p layer for subsequent trench opening, 

in a dual damascene process. Note, that at this stage in the 

fourth embodiment of the present invention, both via region 

and trench region are now pattern defined for subsequent 

etching and trench/via opening in dual damascene processing. 

The final set of process steps in the fourth embodiment 

of this invention are now summarized. A single or multi-step 

selective etching, reactive ion etch (RIE), is performed 
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which is patterned by photoresist for trench opening and 

silylated resist for via opening. The single or multi-step 

selectively etches through the top cap layer and through the 

second low dielectric layer. The silylated resist regions are 

resistant to the etch and act as a mask, patterning the 

opening for the via. Exposed portions of the first laye~ of 

low dielectric material, are selectively etched away, 

stopping on the bottom passivation layer. Hence, aft~r the 

selective etch and post etch cleaning, trench opening and via 

opening are simultaneously formed for dual damascene 

processing. Subsequent du~.l damascene processing steps 

include: removal of the bottom passivation material in the 

·contact via region and deposition of copper with removal of 

the excess copper by chemical mechanical polish (CMP), thus 

forming inlaid copper interconnects and contact vias. 

This invention has been summarized above and described 

with reference to the preferred embodiments. Some processing 

details have been omitted and are understood by those skilled 

in the art. More details of this invention are stated in the 

"DESCRIPTION OF THE PREFERRED EMBODIMENTS" section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The object and other advantages of this invention are 

best described in the preferred embodiments with reference to 

the attached -drawings that include: 
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Figs. lA - lB, which in cross-sectional representation 

illustrate the first part of the method in the first 

embodiment of the present invention. 

Figs. 2A - 2B, which in cross-sectional representation 

illustrate the first part of the method in the second 

embodiment of the present invention. 

Fig. 3, which in cross-sectional representation 

illustrates the final part of the meth9ds for both the first 

and second embodiments of .the present invention. 

Figs. 4A - 4B, which in cross-sectional representation 

illustrate the first part of the method in the third 

embodiment of the present invention. 

Figs. SA - SB, which in cross-sectional representation 

illustrate the first part of the method in the fourth 

embodiment of the present invention. 

Fig. 6, which in cross-sectional representation 

illustrates the final part of the methods for both the third 

and fourth embodiments of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

It is a general object of the present invention to 

provide a new and improved method of forming semiconductor 
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integrated circuit devices, and more specifically, in the 

formation of self-aligned dual damascene interconnects and 

vias, which incorporates low dielectric constant intermetal 

dielectrics (IMO) and utilizes silylated top surface imaging 

(TSI) photoresist, with a single or multi-step selective 

reactive ion etch (RIE) process, to form trench/via opening. 

Referring to Fig. lA, which in cross-sectional 

representation, shows a semiconductor silicon substrate 1 

with an interlayer dielectric (ILD) layer 2 and with the 

first level of metal wiri~% 3 being defined, embedded in a 

layer of insulator (not shown in Figs.). In first embodiment 

of the present invention and subsequent embodiments in this 

inventi~n, the substrate 1 is preferably composed of 

mono-crystalline silicon. Other materials for the substrate 

include silicon-on-ins1,1lator and silicon-germanium. 

Semiconductor device structures, such as, gate electrodes, 

source and drain regions, contact holes (not shown.in Figs.) 

may be formed in and·on the semiconductor substrate. The 

semiconductor substrate may also contain dielectric and 

insulating materials (not shown in Figs). Furthermore, the 

metal wiring 3 comprises one or more conductors chosen from a 

group consisting of cu, Al, Al alloys, Ti, TiN, Ta, TaN, and 

W. In the present invention, the metal wiring 3 is preferably 

Cu and TaN, and is specified as Cu. 
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A bottom passivation layer 4 is deposited to a thickness 

of between 100 to 5,000 Angstroms on the metal wiring layer 

3. The bottom passivation layer 4 includes, but is not 

restricted to, silicon nitride, silicon oxynitride, barrier 

low K material ("BLOK", source Applied Materials), and 

silicon carbide. The bottom passivation la¥er 4 becomes 

optional, if the wiring layer 3 consists of an Al alloy, 

e.g., Ti/TiN/Al alloy /TiN. 

Next, a low dielectric constant material layer 5 is 

deposited to a thickness o! between 2,000 to 10,000 Angstroms 

on the bottom passivation layer 4. The low dielectric 

constant material 5 consists of either an organic based 

material or a carbon doped silicon dioxide, and various 

combinations of the organic based material and carbon doped 

silicon dioxide. The OJ?ganic based materials consists of, but 

are not restricted to, polyimide, "FLARE" (source Allied 

Signal, now Honeywell), "SILK" (source Dow Chemical). In the 

first embodiment of this inventi·on, a thin dielectric layer 6 

is deposited to a thickness of between 100 to 5,000 Angstroms 

over the first layer of low dielectric constant material 5. 

The thin dielectric layer (6) includes, but is not restricted 

to, silicon dioxide, silicon nitride, boron nitride, silicon 

carbide, barrier low K material ("BLOK", source Applied 
.· 

Materials), and silicon oxynitride. Next, top surface imaging 

(TSI) resist is placed over the thin dielectric layer 6, 

resist thickness of between 100 to 5,000 Angstroms. The 
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resist is exposed to ultraviolet radiation, wavelength less 

than 248 nm, and using a photo mask, exposed regions (7) and 

unexposed regions (8) are depicted in Fig. lA. The exposed 

resist regions (7), later on in the process, become an etch 

stop for subsequent via formation, while the unexposed resist 

regions (8) define the subsequent via opening. 

Referring to Fig. lB, which in cross-sectional 

representation, shows the next set of processing steps in the 

first embodiment of the present invention. The top surface 

imaging (TSI) resist, expo~ed regions (7) are silylated 

becoming silicon rich containing material. The silylation is 

pe~formed using HMDS (hexamethyldisilazane) '·in vapor phase, 

although solutions of 10% HMCTS (hexamethylcyclqtrisilazane 

in xylene) can also cause the resist to be silylated. Next, a 

second layer of low dielectric constant material (9) is 

deposited to a thickness between 2,000 to 10,000 Angstroms on 

the top surface imaging (TSI) resist, exposed silylated 

resist region (7) and unexposed non-silylated resist region 

(8). As before, the low dielectric constant material 9 

consists of either an organic based material or a carbon 

doped silicon dioxide. Next, a cap layer (10) of silicon 

nitride or silicon .oxynitride is deposited, to a thickness 

between 100 to 5,000 Angstroms, on the second layer of low 

dielectric constant material (9), cap layer thickness between 

100 to 5,000 Angstroms. Photoresist (11) is applied and 

patterned over the cap layer (10) for subsequent trench 
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opening, in a dual damascene process. Note, that at this 

stage in the first embodiment of the present invention, both 

via region (12) and trench region (13) are now defined for 

subsequent etching and trench/via opening in dual damascene 

processing. Having described both Fig. lA and Fig. lB, the 

first embodiment of this invention now shifts, due to 

processing options or splits, to Fig. 3 for the final dual 

damascene processing. 

Referring to Fig. 3, which in cross-sectional 

representation, shows the final result of the first 

embodiment of this invention. A single or multi-step step 

selective etching comprising, reactive ion etch (RIE) or 

plasmas assisted dry etching, is performed which is patterned 

by photoresist for trench opening (17) and silylated resist 

for via opening (16). ~e etch chemistry consists of one or 

more gases from the following group: oXy-gen, nitrogen, 

hydrogen, chlorine, chlorine substituted hydrocarbons, 

forming gas (mixtures of nitrogen and hydrogen gas), 

fluorine, fluorine substituted hydrocarbons_, boron 

trichloride, argon and helium. The combined trench and via 

etching selectively etches through the top cap layer (10) 

and through the second low dielectric layer (9). In 

addition, the unexposed resist, organic in nature, is 

selectively etched away. The silylated, silicon-rich, resist 

regions (7) are resistant to the etch and act as a mask, 

patterning the opening for the via. Both exposed portions of 
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the thin dielectric layer (6) and exposed portions of the 

first layer of low dielectric material (5), are selectively 

etched away, stopping on the bottom passivation layer (4). 

Hence, after the selective etch and post etch cleaning, 

trench opening (17) and via opening (16) are formed for dual 

damascene processing. Subsequent dual damascene processing 

steps include: removal of the bottom passivation material in 

the contact via region, deposition of barrier metal ~rid 

copper with removal of the excess copper by chemical 

mechanical polish (CMP), thus forming inlaid copper 

interconnects and contact vias. 

Referring to Fig. 2A, which in cross-sectional 

representation, shows a semiconductor silicon substrate 1 

with an interlayer dielectric (ILD) layer 2 and with the 

first level of metal w~ing 3 being defined, embedded in the 

a layer of insulator (not shown in Figs.). The second 

embodiment of the present invention starts with these 

conventional layers being provided. A bottom passivation 

layer 4 is 'deposited on the copper wiring layer 3 to a 

thickness between 100 to 5,000 Angstroms. Next, a low 

.dielectric constant material layer 5 is deposited on the 

bottom passivation layer 4, low K material· thickness between 

2,000 to 10,000 Angstroms. The low dielectric constant 

material 5 consists of either an organic based material or a 

carbon doped silicon dioxide, and various combinations of the 

organic based material and carbon doped silicon dioxide. The 
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organic based materials consists of, but are not restricted 

to, polyirnide, "FLAREn (source Allied Signal, now Honeywell), 

"SILK" (source Dow Chemical). In the second embodiment of 

this invention, a thin dielectric layer 6 is deposited, to ·a 

thickness between 100 to 3,000 Angstroms, over the first 

layer of low dielectric constant materiai·s. The thin 

dielectric layer (6) is selected from the group consisting· of 

silicon dioxide, silicon nitride, boron nitride, silicon 

carbide, barrier low K material ("BLOK", source Applied 

Materials), and silicon oxynitride. Next, top surface imaging 

(TSI) resist is placed over the thin dielectric layer 6. The 

resist is exposed to ultraviolet radiation, wavelength less 

than 248 nm, and using a photo mask, exposed regions (7) and 

unexposed regions (14) are formed. The exposed resist regions 

(7), later on in the process, become an etch stop for 

subsequent via formatiQn. The top surface imaging (TSI) 

resi~t is silylated becoming silicon rich containing 

material. The silylation is performed using HMDS 

(hexamethyldisilazane), in vapor phase, although solutions of 

10% HMCTS (hexamethylcyclotrisilazane in xylene) can also 

cause the resist to be silylated. The unexposed resist 

regions (14) are removed by selective etching of this 

non-silylated material using one or a combination of the 

following plasma or gas treatments: with oxygen or ozone, 

with S02gas or 803 gas. Alternately, an organic solvent, 

e.g.·, cyclohexanone, acetone, may be used to selectively 

dissolve the unexposed resist regions (14). In this 
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application, using oxygen or ozone, the silyated silicon-rich 

regions (7) may become silicon-rich silicon oxide. Note, that 

this process then defines the subsequent via opening. The 

sensitive organic low dielectric constant material (5) is 

protected from this etch process by the thin dielectric (6) • 

Referring to Fig. 2B, which in cross-sectional 

representation, shows the next set of processing steps in the 

second embodiment of the present invention. A second layer of 

low dielectric constant material (9) is deposited to a 

thickness between 2,000 tq 10,000 Angstroms on the top 

surface imaging (TSI) resist, exposed silylated resist region 

(7) and over the thin dielectric layer (6). As before, the 

low dielectric constant material 9 consists of either an 

organic based material or a carbon doped silicon dioxide. 

Next, a cap layer (10).;-of silicon nitride or silicon 

oxynitride is deposited, to a thickness between 100 to 5,000 

Angstroms, on the second layer of low dielectric constant 

material (9) • Photoresist (ll) is applied and patterned over 

the cap layer (10) for subsequent trench opening, in a dual 

damascene process. Note, that at this stage in the second 

embodiment of the present invention, both via region (14) and . 

trench region (15) are now defined for subsequent etching and 

trench/via opening in dual damascene processing. Having 

described both Fig. 2A and Fig. 2B, the second embodiment of 

this invention now shifts, due to processing options or 

splits, to Fig. 3 for the final dual damascene processing. 
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Again referring to Fig. 3, which in cross-sectional 

representation, shows the final result of the second 

embodiment of this invention. A single or multi-step 

selective etching comprising reactive ion etch (RIE) or 

plasma assisted dry etching, is performed which is patterned 

by photoresist for trench opening (17) and silylated resist 

for via opening (16) . The etch chemistry consists of one or 

more gases from the following group: oxygen, nitrogen, 

hydrogen, chlorine, chlorine substituted hydrocarbons, 

forming gas (mixtures of nitrogen and hydrogen gas), 

fluorine, fluorine substi~uted hydrocarbons, boron 

trichloride, argon and helium. T.he combined trench and via 

etching selectively etches through the top cap layer (10) and 

through the second low dielectric layer (9). The silylated, 

silicon-rich, resist regions (7) are resistant to the etch 

and act as a mask, patterning the opening for the via. Both 

exposed portions of the thin dielectric layer (6) and exposed 

portions of the first layer of low dielectric material (5), 

are selectively etched away, ·stopping on the bottom 

passivation layer (4) . Hence, after the selective etch and 

post etch cleaning, trench opening (17) and via opening (16) 

are formed for dual damascene processing. Subsequent dual 

damascene processing steps include: removal of the bottom 

passivation material in the contact via region, deposition of 

barrier metal and copper with removal of the excess copper by 

chemical mechanical polish (CMP), thus forming inlaid copper 

interconnects and contact vias. 
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Referring to Fig. 4A, which in cross-sectional 

representation, shows a semiconductor silicon substrate l 

with an interlayer dielectric (ILD) layer 2 and with the 

first level of metal wiring 3 being defined, embedded in the 

a layer of insulator (not shown in Figs.). The third 

embodiment of the present invention starts with these 

conventional layers being provided. A bottom passivation 

layer 4 is deposited on the metal wiring layer 3. Next, a low 

dielectric constant material layer 5 is deposited, to a 

thickness between 2,000 to 10,000 Angstroms, on the bottom 

passivation layer (4). The low dielectric constant material 5 

consists of either an organic based material or a carbon 

doped silicon dioxide, and various combinations of the 

organic based material and carbon doped silicon dioxide. The 

organic based materials consists of, but are not restricted 

to, polyimide, ~FLARE" (source Allied Signal, now Honeywell), 

"SILK" (source Dow Chemical) . In the third embodiment of this 

invention, a layer of thin dielectric utilized earlier is 

omitted, provided adhesion between the first layer of low 

dielectric constant material (5) and subsequent resist (7) is 

adequate. Next, top surface imaging (TSI) resist is placed on 

the low dielectric constant material layer (5) . The resist is 

exposed to ultraviolet radiation, wavelength less than 248 

nm, and using a photo mask, exposed regions (7) and unexposed 

regions (8) are depicted in Fig. 4A. The exposed resist 

regions (7), later on in the process, become an etch stop for 
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subsequent via formation, while the unexposed resist regions 

(8) define the subsequent via opening. 

Referring to Fig. 4B, which in cross-sectional 

representation, shows the next set of processing steps in the 

third embodiment of the present invention. The top surface 

imaging (TSI) resist, exposed regions (7) are silylated 

becoming silicon rich containing material. The silylition is 

performed using HMDS (hexamethyldisilazane), in vapor phase, 

although solutions of 10% HMCTS (hexamethylcyclotrisilazane 

in xylene) can also cause the resist to be silylated. Next, a 

second layer.of low dielectric constant material (9) is 

deposited, to a thickness between 2,000 to 10,000 Angstroms, 

on the top surface imaging (TSI) resist, exposed silylated 

resist region (7) and unexposed non-silylated resist region 

(8) . As before, the lo~ dielectric constant material 9 

consists of either an organic based material or a carbon 

doped silicon dioxide. Next, a cap layer (10) of silicon 

nitride, or silicon oxynitride, is deposited, to a thickness 

between 100 to 5,000 Angstroms, on the second layer·of low 

dielectric constant material (9). Photoresist (11) is applied 

and patterned over the cap layer (10) for subsequent trench 

opening, in a dual damascene process. Note, that at this 

stage in the third embodiment of the present invention, both 

via region (12) and trench region (13) are now defined for 

subsequent etching and trench/via opening in dual damascene 

processing. Having described both Fig. 4A and Fig. 4B, the 
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third embodiment of this invention now shifts, due to 

processing options or splits, to Fig. 6 for the final dual 

damascene processing. 

Referring to Fig. 6, which in cross-sectional 

representation, shows the final result of the third 

embodiment of this invention. A single or multi-step 

selective etching comprising reactive ion etch (RIE);·or 

plasma assisted dry etching, is performed which is patterned 

by photoresist for trench opening (17) and silylated resist 

for via opening (16). The etch chemistry consists of one or 
·• 

more gases from the following group: oxygen, nitrogen, 

hydrogen, chlorine, chlorine substituted hydrocarbons, 

forming gas (mixtures of nitrogen and hydrogen gas), 

fluorine, fluorine substituted hydrocarbons, boron 

trichloride, argon and ~elium. The combined trench and via 

etching selectively etches through the top cap layer (10) 

and through the second low dielectric layer (9) . In 

addition, the unexposed resist, organic in nature, is 

selectively etched away. The silylated, silicon-rich, resist 

regions (7) are resistant to the etch and act as a mask, 

patterning the opening for the via. Exposed portions of the 

first layer of low dielectric material (5), are selectively 

etched away, stopping on the bottom passivation layer (4). 

Hence, after the selective etch and post etch cleaning, 

trench opening (17) and via opening (16) are formed for dual 

damascene processing. Subsequent dual damascene processing 
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steps include: removal of the bottom passivation material 

in the contact via region, deposition of barrier metal and 

copper, with removal of the excess copper by chemical 

mechanical polish {CMP}, thus forming inlaid copper 

interconnects and contact vias. 

Referring.to Fig. SA, which in cross-sectional 

representati~n, shows a semiconductor silicon substiate 1 

with an interlayer dielectric (ILD) layer 2 and with the 

first level of metal wiring 3 being defined, embedded in the 

a layer of insulator (not _shown in Figs.). The fourth 

embodiment of the present invention starts with these 

conventional layers being provided. A bottom passivation 

layer 4 is deposited on.the copper wiring layer 3. Next, a 

low dielectric constant :material layer 5 is deposited, .to a 

thickness ·between 2,00~ to 10,000 Angstroms, on the bottom 

passivation layer 4. The low dielectric constant material 5 

consists of either an organic based material or a carbon 

doped silicon dioxide, and various combinations of the 

organic based material and carbon doped silicon dioxide. The 

organic based materials consists of, but are not restricted 

tp, polyimide, "FLARE" (source Allied Signal, now Honeywell), 

"SILK" {source Dow Chemical) . In the fourth embodiment of 

this invention, a layer of thin dielectric utilized earlier 

is omitted, provided adhesion between the first layer of low 

dielectric constant material (5) and subsequent resist (7) is 

adequate. Next, top surface imaging (TSI) resist is placed on 
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the low dielectric constant material layer (5) . The resist is 

exposed to ultraviolet radiation, wavelength less than 248 

nm, and using a photo mask, exposed regions (7) and unexposed 

regions (14) are depicte~ in Fig. SA. The exposed resist 

regions (7), later on in the process, become an etch stop for 

subsequent via formation, ·while the unexposed resist regions 

(14) define the subsequent via opening. The top surface 

imaging (TSI) resist is silylated becoming silicon riCh 

containing material. The silylation is performed using HMDS, 

(hexamethyldisilazane), in vapor phase, although solutions of 

10% HMCTS (hexamethylcycl~trisilazane in xylene) can also 

cause the resist to be silylated. The unexposed resist 

regions (14) are removed by selective etching of this 

non-silylated material using one or a combination of plasma 

or gas treatments using S02 gas or S03 gas. Note~ that this 

process then defines the subsequent via opening. The 

sensitive organic low dielectric constant material is now 

exposed to etching in this process, hence the designated use 

of 802 plasma or gas, or 503 plasma or gas is specified. 

Alternately, an organic solvent or aqueous solution which 

dissolves only the unexposed resist, but not the underlying 

organic low dielectric constant material, can be used. 

Referring to Fig. SB, which in cross-sectional 

representation, shows the next set of processing steps in the 

fourth embodiment of the present invention. A second layer of 

low dielectric constant material (9) is deposited, to a 
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thickness between 2,000 and 10,000 Angstroms, on the top 

surface imaging (TSI) resist, exposed silylated resist region 

(7) and on the exposed portion of the first layer of low 

dielectric material (5). As before, the low dielectric 

constant material 9 consists of either an organic based 

material or a carbon doped silicon dioxide (or a porous 

combination of both). Next, a cap layer (10) of silicon 

nitride is deposited, to a thickness between 100 to~;ooo 

Angstroms, on the second layer of low dielectric constant 

material (9). Photoresist (11) is applied and patterned over 

the cap layer (10) for su~sequent trench opening, in a dual 

damascene process. Note, that at this stage in the fourth 

embodiment of the present invention, both via region (14) and 

trench region (15) are now defined for subsequent etching and 

trench/via opening in dual damascene processing. Having 

described both Fig. SA·and Fig. SB, the fourth embodiment of 

this invention now shifts, due to processing options or 

splits, to Fig. 6 for the final dual damascene processing. 

Again referring to Fig. 6, which in cross-sectional 

representation, shows the final result of the fourth 

embodiment of this invention. A single or multi-step 

selective etching comprising reactive ion etch (RIE) or 

plasma assisted dry etching, is performed which is patterned 

by photoresist for trench opening (17) and silylated resist 

for via opening (16). The etch chemistry consists of one or 

more gases from the following group: oxygen, nitrogen, 
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hydrogen, chlorine, chlorine substituted hydrocarbons, 

forming gas (mixtures of nitrogen and hydrogen gas), 

fluorine, fluorine substituted hydrocarbons, boron 

trichloride, argon and helium. The combined trench and via 

etching selectively etches through the top cap layer (10) and 

through the second low dielectric layer (9). The silyl~ted. 

resist regions (7) are resistant to the etch and act as a 

mask, patterning the opening for the via. Exposed po~tions of 

the first layer of low dielectric material (5), are 

selectively etched away, stopping on the bottom passivation 

layer (4) . Hence, after the selective etch and post etch 

cleaning, trench opening (17) and via opening (16) are formed 

for dual damascene processing. Subsequent dual damascene 

process~ng steps include: removal of the bottom passivation 

material in the contact via region'· deposition of barrier 

metal and copper with removal of the excess copper by 

chemical mechanical polish (CMP), thus forming inlaid copper 

interconnects and contact vias. 

A brief summary for the processing details of the 

silyation process, utilized in the present invention, now 

follow. An inert gas, e.g., nitrogen, is bubbled in liquid 

HMDS (hexamethyldisilazane), transporting HMDS in the vapor 

phase. The HMDS vapor is then introduced to the top surface 

imaging (TSI) resist in a reaction chamber, wherein the 

substrate silicon wafer is heated to between 60 to 150 °c. 
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One process option to all four embodiments of the 

present invention, is to repeat all four described 

embodiments, but now upon a second low dielectric constant 

material. In effect, a dual silylation process is then 

possible. However, the practically of this process option or 

scheme, may be limited. The silicon nitride cap layer may 

function better as a chemical mechanical polishing (CMP) etch 

stop, than the silyated, silicon-rich silicon oxide,·during 

the chemical mechanical·polishing (CMP) of the excess copper. 

With these restrictions, a dual silyation process on top of a 

second low dielectric con~tant material is possible (as 

described on the first low dielectric constant material), and 

is listed as a process option. 

While the invention has been particularly shown and 

described with refererrce to the preferred embodiments 

thereof, it will be understood by ~hose skilled in the art 

that various changes in form and details may be made without 

departing from the spirit and scope of the invention. 
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What is claimed is: 

l. A method of fabricating dual damascene copper 

interconnects and vias using low dielectric constant 

insulators comprising: 

providing a substrate over which is formed an interlayer 

dielectric; 

forming a first level of conducting wiring over said 

interlayer dielectric; 

forming an insulating layer around said first level of 

conducting wiring; 

forming a bottom passivation layer over said first level 

of conducting wiring and ~ver said insulating lay~r; 

forming a first intermetal dielectric layer of low 

dielectric constant insulating material over said bottom 

passivation layer; 

depositing a thin dielectric layer over said low 

dielectric constant in~ulating material; 

forming a layer of top surface imaging photoresist over 

said thin dielectric layer and over said low dielectric 

co,:istant insulating· ·material; 

exposing said layer of top surface imaging photoresist 

to ultraviolet light using a photo mask to form exposed 

regions and unexposed regions; 

performing a silylation process of the top surface 

imaging photoresist forming silicon rich material in the 

exposed photoresist regions, which act as a trench etch stop 

in subsequent dual damascene processing; 
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forming a second intermetal dielectric layer of low 

dielectric constant insulating material over said top surface 

imaging photoresist, which is over said thin dielectric 

layer, which is over said first layer of low dielectric 

constant insulating material; 

forming a cap layer over the second intermetal 

dielectric layer; 

in a single or multi-step etch, forming a tren6h-in said 

cap layer and said second low dielectric layer, and an 

underlying via in said unexposed, non-silylated resist layer, 

said thin dielectric laye~ and said first layer of low 

dielectric constant material. 

2. The method of claim 1, wherein said substrate is 

semiconductor single crystal silicon or an IC module. 

3. The method of claim 1, wherein said bottom 

passivation layer is selected from the group consisting of 

silicon nitride, silicon oxynitride, barrier low K material 

(~BLOK", source Applied Materials), and silicon carbide, in a 

thickness from approximately 100 to 5,000 Angstroms and is 

used as an etch stop in the.selective etch for trench and via 

opening. 

4. The method of claim 1, wherein the low dielectric 

constant insulating material for intermetal dielectric layers 
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is selected from the group consisting of organic based or 

carbon doped silicon dioxide, or a porous combination of the 

above, in a thickness from approximately 2,000 to 10,000 

Angstroms. 

5. The method of claim 1, wherein said thin diel~ct~ic 

layer is selected from the group consisting of silicon oxide, 

silicon nitride, silicon carbide, silicon oxyni tride·, · in a 

thickness from approximately 100 to 5,000 Angstroms. 

6. The method of ciaim 1, wherein said top surface 

imaging resist (TSI) is in a thickness from approximately 100 

to 5,000 Angstroms and is exposed by ultraviolet light, less 

than 248nm wavelength. 

7. The method of claim l, wherein said top surface 

imaging resist is silylated by HMDS (hexamethyldisilazane), 

in vapor phase, and forms an etch stop for via formation in 

dual damascene. 

B. The method of claim 1, wherein said cap layer is 

selected from the group consisting of silicon nitride, or 

silicon oxynitride, to a thickness between 100 to 5,000 

Angstroms. 

9. The method of claim l, wherein the single or 

multi-step etch is comprised of a reactive ion etch (RIE) or 
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plasma assisted dry etching, with an etch chemistry selected 

from the group ~onsisting of, one or more gases from the 

following: oxygen, nitrogen, hydrogen, chlorine, chlorine 

substituted hydrocarbons, forming gas (mixtures of nitrogen 

and hydrogen gas), fluorine, fluorine substituted 

hydrocarbons, boron trichloride, argon and heli~ ~P~ 

stopping on the bottom passivation layer. 

10. The method of claim l, wherein the dual damascene 

trench/via is filled with copper and lined with a diffusion 

barrier. 

11. The method of claim 1, wherein multilevel layers 

are fabricated by repeating the process. 

12. A method of ¥abricating dual damascene copper 

interconnects and vias using low dielectric constant 

insulators comprising: 

providing a substrate over which is formed an interlayer 

dielectric; 

forming a first level of conducting wiring over said 

interlayer dielectric; 

forming an insulating layer around said first level of 

conducting wiring; 

forming a bottom passivation layer over said first level 

of conducting wiring and over said insulating layer; 
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forming a first intermetal dielectric layer of low 

dielectric constant insulating material over said bottom 

passivation layer; 

depositing a thin dielectric layer over said low 

dielectric constant insulating material; 

forming a layer of top surface imaging.pho~~:r;esist over 

said thin dielectric layer and over said low dielectric 

constant insulating material; 

exposing said layer of top surface imaging photoresist 

to ultraviolet light using a photo mask to form exposed. 

regions and unexposed regions; 

performing a silylation process of the top surface 

imaging photoresist forming silicon rich material in the 

exposed photoresist regions, ·which act as a trench etch stop 

in subsequent dual damascene processing; 

etching of the non-silylated unexposed top surface 

imaging photoresist; 

forming a second intermetal dielectric layer of low 

dielectric constant insulating material over said top surface 

imaging photoresist, which is over said thin dielectric 

layer, which is over said first layer of low dielectric 

constant insulating material; 

forming a cap layer over the second intermetal 

dielectric layer; 

in a single or multi-step etch, forming a trench in said 

cap layer and said second low dielectric layer, and an 
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underlying via in said thin dielectric layer and said first 

layer of low dielectric constant material. 

13. The method.of claim 12, wherein said substrate is 

semiconductor single crystal silicon or an IC module. 

14. The method of claim 12, wherein said bo~tom 

passivation. layer is selected f·rom the group consisting of 

silicon nitride, silicon oxynitride, barrier low K material 

(~BLOK", source Applied Materials), and silicon carbide, in a 

thickness from approximately 100 to 5,000 Angstroms and is .. 
used as an etch stop in the selective etch for trench and via 

opening. 

15. The method of claim 12, wherein the low dielectric 

constant insulating ma<E:erial for intermetal dielectric layers 

is selected from the group consisting of organic based or 

carbon doped silicon dioxide, or a porous combination of the 

above, in a thickness from approximately ~,ooo to 10,000 

Angstroms. 

16. The method of claim 12, wherein said thin 

dielectric layer is selected from the group consisting of 

silicon oxide, silicon nitride, silicon carbide, silicon 

oxynitride, in a thickness from approximately 100 to 5,000 

Angstroms. 
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17. The method of claim 12, wherein said top surface 

imaging resist (TSI) is in a thickness from approximately 100 

to 5,000 Angstroms and is exposed by ultraviolet light, less 

than 248nm wavelength. 

18. The method of claim 12, wherein said top surface 

imaging resist is silylated by HMDS (hexamethyl_di~ilazane), 
. . 

in vapor phase, and forms an etch stop for via f0rma:tion in 

dual damascene. 

19. The method of c~aim 12, wherein the etch of 

unexposed, non-silylated top surface imaging resist, over 

said thin dielectric layer, is selected from the group 

consisting of 02 plasma, ozone plasma or gas, 502 plasma or 

gas, $03 plasma or gas, and low dielectric material beneath 

is protected by said thin dielectric. 

20. The method of claim 12, wherein said cap layer is 

selected from the group consisting of silicon nitride, or 

silicon oxynitride, to a thickness between 100.to 5,000 

Angstroms. 

21. The method of claim 12, wherein the single or 

multi-step etch is comprised·of a reactive ion etch (RIE) or 

plasma assisted dry etching, with an etch chemistry selected 

from the group consisting of, one or more gases from the 

following: oxygen, nitrogen, hydrogen, chlorine, chlorine 
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substituted hydrocarbons, forming gas (mixtures of nitrogen 

and hydrogen gas), fluorine, fluorine substituted 

hydrocarbons, boron trichloride, argon and helium and 

stopping on the bottom passivation layer. 

22. The method of claim 12, wherein the dual damascene 

trench/via is filled with copper and lined with. a oiffusion 

barrier. 

23. The method of claim 12, wherein multilevel layers 

are fabricated by repeati~g the process. 

24. A method of fabricating dual damascene copper 

interconnects and vias using low dielectric constant 

insulators comprising: 

providing a subsefate over which is formed an interlayer 

dielectric; 

forming a first level of conducting wiring over said 

inter1ayer die1ectri"c; 

forming an insulating layer around said first level of 

conducting wiring; 

forming a bottom passivation layer over said first level 

of conducting wiring and over said insulati~g layer; 

forming a first intermetal dielectric layer of low 

dielectric constant insulating material over said bottom 

passivation layer; 
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forming a layer of top surface imaging photoresist over 

said low dielectric constant insulating material; 

ex.posing said layer of top surface imaging photoresist 

to ultraviolet light using a photo mask to form exposed 

regions and unexposed regions; 

performing a silylation process of the top ~~rxace. 

imaging photoresist forming silicon rich material in. the 

ex.posed photoresist regions, which act as a trench etch stop 

in subsequent dual damascene processing; 

forming a second intermetal dielectric layer of low 

dielectric cons~ant insulating material over said top surface 

imaging photoresist, which is over said first layer of low 

dielectric constant insulating material; 

forming a cap layer over the second intermetal 

dielectric layer; 

in a single or multi-step etch, forming a trench in said 

cap layer and said second low dielectric layer, and an 

underlying via in said unexposed, non-silylated resist layer, 

and said first layer of low dielectric constant material. 

25. The method of claim 24, wherein said substrate is 

semiconductor single crystal silicon or an IC module. 

26. The method of claim 24, wherein said bottom 

passivation layer is selected from the group consisting of 

silicon nitride, silicon oxynitride, barrier low K material 

("BLOK", source Applied Materials), and silicon carbide, in a 
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thickness from approximately 100 to S,000 Angstroms and is 

used as an etch stop in the selective etch for trench and via 

opening. 

27. The method of claim 24, wherein the low dielectric 

constant insulating material for intermetal dielectric layers 
. ' 

is selected from the group consisting of organic'"l;>ased or 

carbon doped silicon dioxide, or a porous combination· of the 

above, in a thickness from approximately 2,000 to 10,000 

Angstroms. 

28. The method of claim 24, wherein said top surface 

imaging resist (TSI") is in a thickness from approximately 100. 

to 5,000 Angstroms and is exposed by ultraviolet light, less 

than 248nm wavelength. 

29. The method of claim 24, wherein said top surface 

imaging resist is silylated by HMDS (hexamethyldisilazane), 

in vapor phase, and forms an etch stop for via formation in 

dual damascene; 

30. The method of claim 24, wherein said cap layer is 

selected from the group consisting of silicon nitride, or 

silicon oxynitride, to a thickness between 100 to 5,000 

Angstroms. 
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31. The method of claim 24, wherein the single or 

multi-step etch is comprised of a reactive ion etch (RIE) or 

plasma assisted dry etchinq, with an etch chemistry selected 

from the group consisting of, one or more gases from the 

following: oxygen, nitrogen, hydrogen, chlorine, chlorine 

substituted hydrocarbons, forming gas (mixtures . ..Q.~·nitrogen 

and hydrogen gas), fluorine, fluorine substituted 

hydrocarbons, boron trichloride, argon and helium and 

stopping on the bottom passivation layer. 

32. The method of c~aim 24, wherein the dual damascene 

trench/via is filled with copper and lined with a diffusion 

barrier. 

33. The method of claim 12, wherein multilevel layers 

are fabricated by repeating the process. 

34. A method of fabricating dual damascene copper 

interconnects and vias using low dielectric constant 

insulators comprising: 

providing a substrate over which is formed an interlayer 

dielectric; 

forming a first level of conducting wiring over said 

interlayer dielectric; 

forming an insulating layer around said first level of 

conducting wiring; 
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forming a bottom passivation layer over said first level 

of conducting wiring and over said insulati~g layer; 

forming a first intermetal dielectric layer of low 

dielectric constant insulating material over said bottom 

5 passivation layer; 

forming a layer of top surface imaging photoresist over 

said low dielectric constant insulating material; 

exposing said layer of top surface imaging pbotoresist 

to ultraviolet light using a photo mask to form exposed 

regions and unexposed regions; 

performing a silylati.on process of the top surface 

imaging photoresist forming silicon rich material in the 

exposed photoresist regions, which act as a trench etch stop 

in subsequent dual damascene processing; 

etching of the non-silylated unexposed top surface 

imaging photor~sist; 

forming a second intermetal dielectric layer of low 

dielectric constant insulating material over said top surface 

imaging photoresist;· which is over said first layer of low 

dielectric constant insulating material; 

forming a cap layer over the second intermetal 

dielectric layer; 

in a single or multi-step etch, forming a trench in said 

cap layer and said second low dielectric layer, and an 

underlying via in said first layer of low dielectric constant 

material. 
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35. The method of claim 34, wherein said substrate is 

semiconductor single. crystal silicon or an IC module. 

36. The method of claim 34, wherein said bottom 

passivation layer is selected from the group consisting of 

silicon nitride, silicon oxynitride, barrier low K material 

("BLOK", source Applied Materials), and silicon. ~ci,rbide, in a 

thickness from approximately 100 to s,ooo Angstroms.and is 

used as an etch stop in the selective etch for trench and via 

opening. 

37 . The method of cl.aim 34 , wherein the low dielectric 

constant insulating material for intermetal dielectric layers 

is selected from the group consisting of organic based or 

carbon doped silicon dioxide, or a porous combination of the 

above, in a thickness ~rom approximately 2,000 to 10,000 

Angstroms. [.\): 

38. The method of claim 34, wherein said top surface 

imaging resist (TSI) is in a thickness from approximately 100 

to 5,000 Angstroms and is exposed by ultraviolet light, less 

than 248nm wavelength. 

39. The method of claim 34, wherein said top surface 

imaging resist is silylated by HMDS (hexarnethyldisilazane), 

in vapor phase, and forms an etch stop for via formation in 

dual damascene. 
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40. The method of claim 34, wherein the etch of 

unexposed, non-silylated top surface imaging resist, over low 

dielectric constant material, is performed using S02 plasma 

or gas, or S03 plasma or gas, to protect the low dielectric 

material below. 

41. The method of claim 34, wherein said cap layer is 

selected from the group consisting of silicon nit~iae, or 

silicon oxynitride, to a thickness between 100 to 5,000 

Angstroms. 

42. The method of claim 34, wherein the single or 

multi-step etch is comprised of a reactive ion etch (RIE) or 

plasma assisted dry etching,·with an etch chemistry selected 

from the group consisting of, one or more gases from the 

following: oxygen, ni~rogen, hydrogen, chlorine, chlorine 

substituted hydrocarbons, forming gas (mixtures of nitrogen 

and hydrogen gas), fluorine, fluorine substituted 

hydrocarbons, boron .trichloride, argon and helium and 

stopping on the bottom passivation layer. 

43. The method of claim 34, wherein the dual damascene 

trench/via is filled with copper and lined with a diffusion 

barrier. 

44. The method of claim 34, wherein multilevel layers 

are fabricated by repeating the process. 
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