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NON-CONDUCTIVE BARRIER FORMATIONS FOR COPPER DAMASCENE
TYPE INTERCONNECTS
by
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BACKGROUND OF THE INVENTION

L ' Field of the Invention .

This invention relates generally to microelectronics fabrications and, in particular,
to methods of forming conducting inter_cohnect structures that are protected from

diffusion of chemical species into and out of surrounding materials.
2. Description of the Related Art

As the structures comprising integrated microelectronic_ circuitry continue to
decrease in size, the conducting 'intercon1.1ects between them decrease in size as well.
Smaller conducting interconnects must be composed of materials with highgr
conductivity and greater mechanical integrity, which presently favors the use of copper
(Cu), with twice the conductivity of aluminum and three times the conductivity of |

tungsten, as the material of choice. Unfortunately, copper has been found to contaminate



‘many of the materials used in integrated circuit fabrications, so special care must be taken

 tokeep it frpm migrating into surrounding regions.

.Several methods have been developed to provide containment of copper deposited
as conducting -léads and interconnects. Chief among these is the prior formation of
diffusion barriers and liner layefs within the trenches and vias into which the copper is
subsequently deposited. Copper inlays surrounded by layeré of other metals and their
cofnpounds such as tungsten, tantalum, molybdenum and titanium nitride, are called
copper damascene structures.

Although the damascene process is an iﬁpoMnt step forward in forming viable
copper interconnects, it dbes have problems associated w1th it which mus;c be addressed.
The barrier layer may itself be subject to degradation from surrounding materials. The
barrier layer may not adhefe well to the copper or to the surrounding material. The
barrier layer may adversely affe;:f thé contaéf between the interconnect and other
conducting layers. The barrier Ia'yer may be difficult to fabricate with the requisite
thinnésé in small trenches and vias. With' regard fo the affect of surrounding materials on
- the barrier layer, it should :be pointed out that fluorinated materials such as amorphous
fluorinated carbon, PTFE, fluorinated polyimide and fluorinated silicon dioxide are
presently being used as interlayer dielectrics because their low dielectric constants
(low-k) tend to reduce parasitic capacitance between neighboring conducting lines and
vias. When fluorinated materials are subjected to high temperature processing (above
300° C), which is quite common iﬁ the complex fabrication schemes of integrated

microelectronic circuitry, the fluorine tends to out-diffuse into previously deposited
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metallic barrier layers and form metallic fluoride compounds (eg., fluorine diffusing into

tantalum forms tantalum fluoride, TaF). These compounds degrade the adhesion and

integrity of the metallic layers and lead to their delamination.

Several of the aforementioned problems have been addre_:ésed by recent
inventions. Nguyen et al (U. S. Patent No. 5,904,565) teach a damascene process which

allows a direct copper to copper connection between vias on different but éontiguous

levels of an integrated circuit. Their method involves removal of the bottom portion of

the barrier layer with an anisotropic etch, so that the copper inlay is put into direct contact

with the upper portion of the copper inlay on the level below it. Teong

~(U. S. Patent No. 5,693,563) teaches an alternative method for solving the same double _

level contact problem, wherein two barrier layers are used to enhance the connection

' properties. Iguchi et al (U. S. Patent No. 5,744,394) teach a method for interconnecting a

series of transistors in an integrated circuit fabrication wherein the interconnection layer
is connected to the transistors through a barrier layer which can be formed of any one .o'f a
number of metals or tﬁéi‘r compounds. Stolmeijer (U. S. Patent No. 5,834,845) teaches a
methdd for fabricating a multilevel interconnect structure composed of similar patterned
metal layers as building blocks. These bloéks are then connected by tungsten or
aluminum plugs surrounded by titanium (Ti) or titanium nitride (TiN) barrier layers. Jain

et al teach a method of improving the fabrication process of dual damascene structures by

'coating the devices with an anti-reflective material. This coating then enhances the

photolithography process and also acts a a barrier layer for the copper interconnects.



Althoﬁgﬁ eacfx of the above cited inventions teach é'pplications é.nd improvements
of _.the damascene process, they fail. to address certain specific dif_ficulﬁes associated with
the infrinsic hature'of the-process. In its variouS erﬁbodiments, the present invention

_ differs from those cited above by addressing the following issues: the degradaﬁon of
metallic barrier layers by the out-diffusion of fluorine from fluorinated dielectrics into
those layers, the difficulty of using metallic barrier hyers to conformally line trenches
and vias of diménsio_n less than O.iS microns and the use of a. ﬁovel class of non-
conducting barrier layers to improve the adhesion of metallic barrier layers and copper

inlays to trench and via sidewalls when the dimensions of these formations are less than

0.15 microns.
SUMMARY OF THE INVENTION

A first object of this invéntion is to provide a method fof preventing the out-
diffusion of fluorine from fluorinated dielectric materials into the metailic barrier layers
such as those that characterize damascene interconnects.

A second object of this invention is to provide a method for preventing the
out-diffusion of fluorine from fluorinated dielectric materials directly into conducting
materials that may fill trenches and vias not lined with metallic-barrier layers.

A third object of this invex_xtion is to provide a method for preventing conducting
materials, such as copper, deposited in trenches and vias, from diffusing into surroundihg

dielectric materials.
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~ A fourth object of this invention is to provide a method for preventing conducting

materials, such as copper, sputtered onto the sidewalls of trenches and vias during

etching, from diffusing into surrounding dielectric _méterials.

A fifth object of this invention is to provide a method of conformally lini_ng
trenches and vias whose a‘épect ratios are continually increasing with .each technology
geﬁe_ration, thus allowing the continued use and benefits of coppef interconnects for |
devices of the 0.15 rﬁicron generation and Beyond.

A sixth object of this invention is to provide a method for forming a lining layer

whose low-k dielectric properties help to reduce the problems associated with parasitic

capacitance between conducting interconnects and other neighboring structures.

A seventh object of this invention is to provide a method for forming a liner layer
with improved adhesion properties between conductors and porous dielectrics.
An eighth object of this invention is to pfovide a method for forming a chemically

inert spacer layer that protects surrounding materials from the effects of etches and post

 etch solvent stripping processes.

In one embodiment of the present invention these objects will be achieved by the

chemical vapor deposition (CVD) or physical vapor deposition (PVD) of a non-metallic

spacer layer interposed between the surrounding fluorinated dielectric material and a

metallic barrier layer.

In another embodiment of the present invention particularly suited to trenches and
vias whose minimum dimensions are less than 0.25 microns, these objects will be
achieved By the plasma-enhanced chemical vapor deposition (PECVD) or physical vapor

deposition (PVD) of a barrier layer composed of one of a class of low dielectric constant



(low-k) carboz;-b.a.sed amorphoﬁs materials that ;:an be deposited conformally to a
thickness of 15 nanometers or less. For example, Teflon is such a low-k rhaterial (1.9<
ké 2.1) that adhereSIWell to other dieléctric materials. Its adhesion to copper can even be
enhanced by depositing it over a prior layer of polyaniliné or by modifying its surface to
a hjrdrophobic condition. Such amorphous carbbn—based mateﬂal§ will prevent the
out-diffusion of copper from the conducting interconnect inlay and, thérefore, obviate ;che
need for an additional metallic barrier layer. |

In yet a.nother einbodiment of the present invention, these objects will be achieved
by a plasma tr.eatment"of the fluorinated dielectric surfaces to form, thereon, a "pseudo-
carbon nitride" layer that is impermeable to _both fluorine and copper out-diffusion and

which may, therefore, obviate the nged for an additional metallic barrier layer.
BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 is a schematic cro.ss-sectional view of a multi-layer microelectronics
fabrication prior to the formation of fhe trench and via of a dual-damascene type of
: intefconnect. The interconnect will ultimately pass through the dielectric léyers indicated
and éontact the lower conducting layer.

Fig. 2 is a schematic cross-sectional view of the trench and via formation of the
.duél-damascene type interconnect which has now been etched out by any one of several
patterning and etch schemes, including via first, trench first or self-alignment (buried |

via).



Fig. 3 is a; schematic cross-sectional view of the dual-damascene trench and via
fonnafion with the metallic barrier layer having been formed directly over the exposed
surfaces according to the method of the current art and not using the method of the
present invention. The arrows point to aréas where ﬂuorine will fend to out-diffuse and
degrade the properties of the metallic barrier layer so formed. |

| Fig. 4 fs a schematic cross-sectional view of the etched out trench and via of a
. dual-damaégene type interconnect done in accordance with the method of the present
invention. Unlike the via illustrated in Fig. 2, the via in Fig. 4 extends only to the
passi.vation layer over the conducting layer and does not ﬁenétrate it |

Fig. 5 is a schematic cross-sectional view of the trenéh and via formation shown
in Fig. 4, now covereﬂ by a nbn;metallid layer deposited by a method of chemical vapor
- deposition (CVD) or physical vapof deposition '(PVD).'

| Fig. 6is a. schemati'c cross-sectional view of the fabrication in Fig. 5 with the
non-metallic CVD or PVD layer removed ﬁ'om. horizontal surfaces by'.a first anisofropic
etch to leave barrier spacers on vertical surfaces. |

Fig.. 7 is a schematic cross-sectional view of the fabrication in Fig. 6 subsequent
to a second anisotropic etch to remove the passivation layer and expose the conducting
layer.

Fig. 8 is a schematic cross-sectional view showing the formation of a metallic
.barrier layer over the fabrication of Fig. 7. The structure of this fabrication, done in
accordance with the method of the present invention, is to be contrasted to the fabrication
in Fig. 3, which is done in accordance with the method of the curfent art and not in

accordance with the method of the present invention.



Fig. 9 is a schematic cross-sectional view of two dual-damascene formations lined -
with metallic diffusion barriers. Fig. 9 (a) depicts the shape of a present dual-damascene | |
formation, while Fig. 9 (b) depicts the reduced aspect of such a formation when applied
to the 0.15 micron and beyond generation of microeléctronics devices.

Fig. 10 is a schematic cross-sectional Qiew of a multi-layer microelect'rdnics
fabricatioﬁ of the 0.15 micron and beyond generation of microelectronics devices within
which a dual-damascene type interconnect is té be formed.

Fig. 1.1_ illustrates the design parameters _-that must be considered in forming a
dual-damscene type interconnect in a 0.15 micron and beyond generation of

microelectronic fabrications such as is illustrated in Fig. 10.. The figure also is a
schématic cross-sectional {riew of the patterning and etching of the dual—damascene
~ trench and via in accordéncé with the method of the present invention.
| Fig. 12 is a schematic cross-sectional view of the fabrication in Fig. 11

subsequent to the formation of a non-conductive barrier of amorphous carbon-based
materials. |

Fig. 13 is a schematic cross-sectional view of the fabrication in Fig. 12
subsequent to the application of an anisotropic etch to the non-metallic laye;'.

Fig. 14 is a schematic cross-sectional view of the fabrication in Fig. 13 wherein
.the tren_ch and via have been lﬁlled with a copper inlay and covered with a passivation
layer.

Fig. 15 is a schematic cross-sectional view of a multi-layer microelectronics

fabrication prior to the formation of a dual-damascene type interconnect. The fabrication



consists of a cénclluctir.lg substrate, suchasa copper substrate, over which has been
formed a first etch-stop and passivation layer and a first Jow-k dielectric layér.

Fig. 16 is a schematic cross-sectional view of the same fabrication_in Fig. 15, | _
Wherein the first low-k dielectric layer has been subjected to a nitrogen, hYd}azine or NH;
plasma treatment of its top surface.

Fig. 17 is a.schematic.cross-sectional view of the fabrication of Fig. 16, on which
a second etch-stop layer and a second low-k dielectric layer have been formed.

.Fig. 18 is a schematic cross-sectional view of the fabrication in Fig. 17,

éubsequent to a nitrogen or NH; plasma treatment of the top surface of the second low-k

~ dielectric layer.

Fig. 19 is a schematic cross-sectional view of the fabrication in Fig. 18 upon -

which a capping layer has been formed and a trench .and via have been patterned and

etchéd.

Fig. 20 is a schematic cross-sectional view of the completed trench and via

formation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In each of its preferred embodiments the present invention providgs a method for
forming lined conducing interconnects , such as copper dual-damascene type
interconnects, in microelectronics fabrications. When formed in accordance with the
methods taught in these preferred embodiments, the interconnects will protect the

surrounding dielectric materials from copper out-diffusion and also protect the



interconnect liner from the adverse affects of fluorine out-diffusion from fluorinated low-
k dielectrics. In one of its preferred embodiments, the invention is particularly suited for
creating interconnects of the reduced dimensions required in the sub-0.15 micron

generation of microelectronics fabrications.

First Preferred E_mbodiment

A first preferred embodiment of the p;'esent invention teaches a method of
forming a non-metallic barriér layer to ﬂuoﬁne out-diffusion that can be applied to the
formation of cbnducting interconnects, such as copper damascene-type interéonnects, in
microelectronics fabrications. The method can be learned by referring to Fig. 1 through
Fig. 8, in conjunction with the descriptions below. |

Réferring now to Fig. 1, Fig. 2 and Fig. 3, tﬁere is shown a series of scherrié.tic
diagrams illustrating the fabﬁcation of a dual-damascene type of lined conducting
interconnect in accordance with the methods of the current art, but not in accordance with
the method of the present invention. These figures are used to indicate the advantages of
the present invention. |

Fig. 1 shows a schematic cross-sectional view of a microelectronics fabrication
within which a dual-damascene interconnect is to be formed. The fabrication comprises
a conducting layer (10), which is typically a copper (Cu) conducting layer, but which can
also be a tungsten (W) layer or a combination of aluminum-copper (Al—Cﬁ) alloy,
titanium (Ti) and titanium nitride (TiN), all of thickness between 2000 angstroms and

15,000 angstroms, on which has been formed a passivating layer (12), which typically
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could be a Ia'yexi' of silicon nitride (SiN), of thickness between 500 angstroms o.nd 5,000
| éngstrorﬁs, on which has been formed a ﬁrst dielectric layer (14), which could be a layer
of low-k fluorinated materiol- such as, but not restricted to FSG, fluorinated polyimide,
amorphous ﬂuorocarbon, Parylene-F or PTFE(T eflon), of thickness between 1,000 -
angstroms and 10,000 angstroms, on which has been formed an etoh-stop layer (16),
which could be a loyer of SiN or BLOK (ffom Applied Materials Corp.) or silicon oxide
of thickness between 500 angstroms and 5,000 angstroms, on which has been formed a
second layer of low-k fluorinated dielectric material (18), similar to the first dielectric
layer (14) and on which has then bé_éﬁ formed an optional capping layer (20), Which
could be a layer of SiN of thickﬁess between _500 angsfroms and 5,000 angétroms. .It isto
be noted that etch-stop layef (16) can become optional if the inter-level capacitance of the
" fabrication needs to be reduced. : |
| Fig. 2 is a schematic cx;oss-sectioﬁal view of the fabrication shown in Fig. 1-
subsequent to the patterning and etching of a dual-damascene interconnect formation
| consisting of a trench (22) and a via (24), which is open to the Cu layer (10). The width
of said trench is between 0.25 microns and 2.0 microns, the width of said via is between
0.15 microns and 0.40 microns. The etching process consists of plasma-assisted dry
etching wherein the etching chemistry comprises one or more of the following:
fluorocarbons (eg. CF4, C4Fyg), hydrocarbons, fluorine substituted hydrocarbons (eg.
CHF3), fluorosulfurs (eg. SFs), chlorine, hydrogen bromide, oxygen, nitrogen, argon,
hydrogen and and carbon monoxide, wherein the choice of chemistries is tailored

appropriately to the nature of the different layers.
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Fig. 3 shows the interconnect fabrication of Fig. 2 having now been lined with a
metallic barrier layer (26), which could be a layer of material such as tantalum nitride
(TaN) or titaniu_m nitride (TiN), formed to a thickness of between 50 angstroms and

3,000 angétroms by a process such as PVD (eg. deposition by sputtefing, ion-metal

plasma or hollow cathode magnetron) or CVD. The arrows (28) indicate the surfaces

ihrough which fluorine out-difﬁxsion would occur as a result of subsequent high-
temperaiture prbcessing steps at -témperat.l.lres exceeding 200.0 .C to 350° C. The out-
diffusing fluorine reacts with the liner material to form more brittle gnd poorly adhering
metallic fluorine compounds such as tantalum fluoride (TaF). |

Fig. 4 shows a schematic cross-sectional view of the same microelectronics
fabrication of Fig. 1 now being prepared for the formation of a dual-damascene
interconnect according to the method of the éresent ixivenﬁon. A ﬁench (22) and via (25)

have been patterned and formed according to one of several methods known in the art,

such as trench first, via first or a self-alignment (buried via) scheme. The trench is of

width between 0.25 microns and 2.0 microns, the via is of width between 0.15 microns
and 0.4 microns. In accordance with the method of the present invention, the via (25)
extends only to the upper surface of the passivating layer (12).

Fig. 5 shows a schematic cross-sectional view of the same mi;:roelectronics

fabrication of Fig. 4, wherein a non-metallic layer (15) has now been formed by a method

" of chemical vapor deposition (CVD) or physical vapor deposition (PVD), to a thickness

of between 50 angstroms and 5,000 angstroms. The layer (15) conformally lines all
exposed surfaces of the trench and via formation, including the exposed portion of the

passivation layer (12) and a portion of the surrounding capping layer (20). The non-
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~ metallic layef (15) can be formed of a material such as silicon carbide, boron nitride,

carbon nitride boron carbon nitride or boron carbide.

Fig. 6 shows a schematic cross-sectional view of the same microelectronics
fabrication of Fig. 5, subsequent to an anisotropic etch used to form a spacer layer (19)
from the non-metallic layer (shown as (15) in Fig. 5). Said anisotropic etch consists of a
plasma-assisted etch wherein the etching chemistry comprises one or more of the
following: chlorine, boron trichloride, 'oxygen, hydrogen, nitrogen, fomﬁng gas (a
mixture of nitrogen and hydrogen), fluorocarbon(s), fluorine-substituted hydrocarbon(s)
aﬁd argon. As is seen in the figure, the etch has removed the non-metallic layer material
(shown as (15) in F1g 5) from the capping layer suffabe (17), partially removed said non-
mefallic layer material from the etch-stop layer surface (21) and partially removed said
non-metallic layer maferial from the bassi_vation .1ayer surfé.ce (13), leaving said non-
metallic layer material on the vertical surfaces of the trench and via formation (19) as
shown.

Fig. 7 is a schematic crdss-séctional view of the same microelectronics fabrication
of Fig. 6, subsequent to a further etching which removes (at (21)) the passivation layer
(12) from the conducting layer (10) beneath it. The etching précess consists of plasma-
assisted etching whérein the etching chemisfry comprises one or more of the following:

fluorocarbons (eg. CF4, C4F3), hydrocarbons, fluorine substituted hydrocarbons (eg.

' CHFs3), oxygen, nitrogen, argon, and hydrogen. Note that during the etching process

there is some degree of penetration into the conducting layer (21). During this process,

the barrier layer now also acts as a protective layer to prevent diffusion of the sputtered
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cbnductqr and its oxides into the surrounding dielectric, which is particularly important if

the conductor is copper.

Fig. 8 is a schematic cross-sectional view of the same microelé_ctmnigs fabrication
of Fig. 7, subsequenf to the wet or dry cleaning of the sputtered conductor (ﬁot Shown)
and the formation of a metallic barrier layér (22), which comprises a layef of, but is ﬁot
restricted to, TaN, TiN, WN, or tantalum or metai-s_ilicon-nitride, of thickness between
50 angstroms and 2,000 angstroms. The fabﬁcaﬁon is now ready for the insertion -of a
conducting inlay, typicé.lly a copper inlay formed by the deposition of copper over all
surfaces of said trench and via formation I(not shown)..

' Comparis'qn of the fabrication illustrated in Fig. 8 to that illustrated in Fig. 3
shows the inherent advantages of the spacer layer, formed in_accordance with the method
of the present invéntion, in preventing the out-diffusion of fluorine into the metallic

barrier layer (22).
Second Preferred Embodiment

A second preferred embodiment of the present invention teaches a method of
forming a non-metallic barrier layer to copper diffusion into the dielectrics that can be
applied to conducting interconnects, such as copper damascene-type interconnects, in the
0.15 micron and beyond generaﬁon of microelectronics fabrications. The method can be

learned by referring to Fig. 9 through Fig. 14, in conjunction with the descﬁpﬁons below.
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Fig. 9. is .an illustrative schematic diagram, showing the liner shape of a typical
dual-damascéne trench and via formation. In Fig. 9 (a) is shown the outline of such a
formation as it would be found in the present generaﬁon of microelectronics fabrications. '_ _ |
The width of the trench in this formation is Between 0.25 microns and 2.0 microns, the
width of the via.is between 0.2 microns and 0.4 microns and the thickﬁéss of the barrier
deposition is between 50 angstroms and 2000 ang'Siroms.

"In Fig.9(b)is shown a comparable formation as it Qould be found in the 0.15 |
micron and beyond g¢neration of fabrications using metallic barrier depositiqns and not
done according to the method of the pfesént inventioﬁ. The illustratibn is solely for the
purposes of indicating that the reduced aspect of the trench and via in the 0. 15 micron
and beyond generation would, in turn, require a thicker barrier deposi’cibn, théreby
piacing more stringenf requirements on the physical properties of the conducting inlays'
require.d.(eg.. to prevent the formation of Vbids). In this fabrication, the width of the
trench is between 0.15 microns and 'l .5 microns, t_he width of the via is between
0.05 mi§r0n5 and 0.3 microns and the thickness of the metallic barrier deposition would
normally be between 100 angstroms and 2000 angstroms, which is an increase in
thickness over the fabrication in Fig. 9 (a).

Fig. 10.is a schematic cross-sectional view of a_microelectronics fabrication,
including a microelectronics fabrication of the below 0.15 micron device generation,
within which a dual-damascene interconnect is to be formed. The fabrication comprises
a conducting layer (10), which is typically a copper (Cu) conducting layer or a compo'site
stack comprising one or rﬁore of the following metals: titanium, tungsten, titanium nitride

and aluminum-copper, of thickness between 2,000 angstroms and 15,000 angstroms on
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which has been i’ormed a passivating layer (12), which could be a layer of silicon nitride
(SiN) or BLOK_ (mfg. by Applied Materials Corp.), of thickness between 500 angstroms
and 5,000 angstroms, on which has been formed a first diellectric layer (14), which could
be a layer of SiO, or doped SiO; such as PSG or a layer of carbon-doped silicon oxide
such as methylsilsequioxane or a layer of low dielectric constantl(low-k) organic polymer
suchas F LARE (mfg. by Allied Signal Corp.), SiLK (mfg. by Dow C.hemic'al Ccrp.), ora
layer oi‘ inorganic polymer such as hydro gen silsesquioxane or a layer comprising the
porous entity of the aforementioned d1electr1c films, of thickness between 1 ,000
a.ngstroms and 10, OOO angstroms, on which has been formed an etch-stop layer (16)
which could be a layer of sﬂiccn carbide, SiN, SiON, or BLOK (mfg. by Apphed
Materials Corp.), of thickness between 500 angstroms end 5,000 angstroms, on which
has been formed a second layer of dielectric material (18), similar to the first leyer and on
wliich has been formed an optional capping layer (20), which cculd bea le.yer of SiN of
thickness beiween 500 angstroms and 5,000 angstroms.. |
Fig. 11 is a schematic cross-sectional view of a trench and via formation
that has been patterned and etched according to eitiier a trench first, via first or_self;
aligned scheme. The etching process consists of plasma-assisted dry etching wherein the
etching chemistry comprises one or more of the following: fluorocarbons (eg. CF4, C4Fs),
hydrocarbons, fluorine substituted hydrocarbons (eg. CHF3), fluorosulfurs (eg. SFs),
chlorine, hydrogen bromide, oxygen, nitrogen, argon, hydrogen and and carbon
monoxide, wherein the choice of chemisiries is tailored appropriately to the nature of the
different layers. The dashed lines (17) indicate the design parameters for the final copper

inlay, allowing for the thickness of the usual barrier layer. The solid vertical lines indicate
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the actual e'tcl'led‘ surface dimensions which are required to fulfill those design |
parameters. The trench is etched through the optional capping layer (20) and the second

~ dielectric layer (18), stopping af the e;cch-stop layer (16). The via is etched through to the
passivation layer (12). )

Fig. 12isa schématic cross-sectional v.iew of the formation shown in Fig. 11
subsequent to the formation of a non-conductive barrier (26) by the plasma enhanced
chemical vapor deposition (PECVD) or physical vapor depOsitioﬁ (PVD) of any of a
class of carbon-based amorphous materials to a thickness of between 100 angstroms and
- 3,000 angstroms. Said carbon-based amorphous materials cah consist entirely of carbon

(eg. diamond) or éan comprise carbon with one or more elements from the Periodic Table
| that are neither a metal or a conductor, examples inélu@g but not restricted to silicon
carbide, carbon nitride, fluorocarbon polymers such as PTFE and Teflon, boron carbide
.and boron carbon nitride . The deposition conformally covers the walls of the trench and
via as well as the upper surface of the capping layer. A further treatment in a furnace or
an apparatus for rapid thermal annealing (RTA) between 200° C and 450° C to densify
the caﬁi‘aon—based amorphous ﬁlm may be effected if necessary. Note that the barrier
properties and dielectric properties of carbon-based materials can be varied from that of
diamond, whose dielectric constant is k=5.7, to that of Teﬂon, whose dielectric constant
ranges between k=1.9 to 2.1, by varymg the composition of the carbon or the material
microstructure.

Fig. 13 shows a schematic cross-sectional view of the fabrication in Fig. 12

subsequent to an anisotropic etch of the carbon-based layer to form a spacer layer (19).
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Said anisotroi:ic' etch éonsisfs ofa plasma—aésisted etch wherein the etching chemistry
comprises one or more of the following: chlorine, boron trichloride, oxygen, hydrogen,
nitrogen, forming gas (a mikture of nitogeﬁ and hydrogen), and fluorocarbon(s), The
etch remov-es the non-metallic barrier léyer from the optional c‘appixig layer (20) and
partially from the etch-stop layer (16) and passivation layer (12). The carbon-based
ba;rier layer remains oﬁ_the vertical walls of the trench and via to form a spacer layer.
(19). The passivation layer (12) i.s subsequently gtched to expose the uﬁderlying
conductor layer (10). Said etch is a plasma assisted etch wherein the etching chemistry :
comprises one or more of the follo“ring: fluorocarbons, fluorine-substituted
hydrocarbons, argon and nitrogen. There is some penetration by the etch into the
conductor, hehce' the non-conductive barrier actsasa protective layer .to' prevent diffusion
of the sputtered conductor and its oxides into the surrounding die_lectrics. '

Fig. 14 is a schematic cross-sectional view of the completed interconnect, wherein
a condubting inlay (27), such as a copp.er inlay, has been formed by a deposition of |
coﬁper over all éurfaces of said trench and via formation and then coveréd by a capping
and passivation layer (28).

In accordance with the method and objects of this embodiment, the final dual-
damascene interconnect for sub-0.15 micron microelectronics devices illustrated in
Fig. 13 can now accept a copper inlay directly, as illustrated in Fig. 14, without the prior
' deposition of a metallic barrier layer, since the non-metallic barrier layer is able to

prevent the diffusion of copper into the surrounding dielectrics.

Third Preferred Embodiment
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A third preferred embodiment of the present invention teaches a novel plasma
treatment of the exposed surfaces of _the trench and via formaﬁons Qf a dual-damascene
type conducting interconnect, thereby achieving .a fluorine out-diffusion barrier without
the need for an additional and space-conéuming material layer. The method of this
émbodiment can be learned by referring to fhe succession of figures, Fig. 15 through
Fig. 20, together with the descriiﬂion below.

~ Referring first to Fig. _15 , there is shown a schematic cross-section of a
microélecﬁonics fabrication within which a dual-darﬁas;:enc type interconnect is to be
formed. The fabrication cpmpﬁses a conducting layer (10), which typically could be a.'

- copper layer of thickness between 2,000 angstroms and 1-5,000 angstroms, on whiéh is
formed a péssiv_ation layer (12); which typically could be a layer of SiN of thickness
bétween 500 angstroms and 5,000 angstroms and on which is formed a first, low-k,
fluorinated dielectric layer (14), wh';ch could be a layer of FSG, fluorinated polyimide,
amorphous fluorocarbon, Parylene-F or PTFE (Teflon), formed by chemical vapor
deposition (CVD) or spin coating to a thickness between 1,000 angstroms and 10,000
angstroms.

Fig. 16 is a schematic cross-sectional view of the fabrication in Fig. 15 after a ﬁrst
plasma treatment of the upper surface of the first dielectric layer (14) with a nitrogen,
hydrazine or NH; plasma. Said plasma is formed in a chamber wherein a plasma can be
generated by an RF power source (13.56 MHz, 100 W-2,000 W) or a microwave source

(2.45 GHz, 100 W-2,000 W) at a pressure between 1 mTorr and 50 mTorr. The plasma
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treatment fdrms_ a "pseudo-carbon nitride" layer (15), indicated as a shaded region, on

that upper surface, by means of the reaction:

C-F polymer + (N3 or NH; or NoHy) — C-N +NFy, CH,(volatile), HF (volatile). -

- In the case of NH; or hydrazine plasma, it is expected .that hydi'ogen may be incorporated

into the "pseudo- carbon nitride" layer, possibly as a C-N-H type polymer or a a C-H-N

| type polymer or as a mixture of both.

Fig. 17isa schem_atié cross-sectional view of the fabﬁcaﬁon in Fig. 16 |
subsequeﬁt to the formation of an etch-stop layer (16), which typically could be a layer of |
SiN, SiO or BLOK (mfg. by Applied Materials Corp.) deposited by CVD to a thickness
of between 50 angstroms and 5,000 angstromsl.'on the ﬁrst.dielectric layer, followed by

the formation of a second low-k fluorinated dielectric layer (18), similar to the ﬁrst such

layer, on said etch-stop layer. The said etch-stop layer could become optional if the inter-

level dielectric capacitance needs to be reduced.

Fig. 18 is a schematic cross-sectional view of the fabrication of Fig. 17
subsequent to a N, hydrazine or NH; plasma treatxﬁent (as described above) of the
surface of the second low-k dielectric layer (18), to foi'n_l a "pséudo-carbon nitridé" layer
(30), indicated as a shaded region on the upper surface of said dielectric layer.

Fig. 19 is a schematic cross-sectional view of the fabrication in Fig. 18,
subsequent- to the formation of an optional capping layer .(20), which typically could be a
layer of SiN of thickness between 500 angstroms and 5,000 angstroms and the patterning

and etching of a dual-damascene trench (22) and via (24) formation. The passivation
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layer (12) haé been removed by the etch, opening the via to the underlying conducting
layer (10).

Fiﬁallj', Fig. 20 shows a schematic éross-sectiona.l view of the dual-damascene
formatioﬁ in Fig. 19 subsequent to an isotropic and anisotropic N, NHs, or hydraziné
plasma treatment. A "pseudo-carbon nitride" layer has now beén formed on the vertical |

expdsed surfaces (31). In accord With the objects and methods of this embodiment, this

- final dual-damascene type formation can now accept a copper inlay directly, without
| prior formation of a metallic barrier layer, by the deposition of copper over all surfaces of

~ said trench and via formation (not shown) or, as in the conventional art, first accept a

metallic barrier layer followed by a copper inlay.

As is understood by a person skilled in the art, the preferred embodiments of the
present invenﬁon are .illustrative of thé present invention rather than being limiting of the
présent invention. Revisions and modifications may be made to methods,_processeé,
materials, structures and dimensions through which is forméd a dual-damascene type of
conducting interconnect ﬁlat is impermeable to fluorine out-diffusion and copper out-
diffusion and can, in one preferred embodiment, be used in the sub-0.15 micron
generation of microelectronics fabricatioﬁs in accord with the preferred embodiments of
the present invention, while still providing a dual-damascene type of conducting
interconnect that is impermeable to. fluorine out-diffusion and copper out-diffusion and-
can, in one embodiment, be used in the sub-0.15 micron generation of microelectronics
fabrications formed in accord with the present invention, as defined by the appended

claims.

21



mesomss |WADHN

1. A method_fof forming a dual-damascene type conducting interconnect within a
microelectronics fabrication, comprising:l

providing a layered structure such as is used in a microéiectronics fabrication, -
said structure comprising a conducting layer, on whicﬁ has beén formed é passivéting
layer, on which has beén formed a first diélectric layer, on which has been formed an
etch-stop layer, on which has beei_1 formed. a second dielecu‘ic layer and on which has
| been forhéd a capping layer; | |

_ patterning and etching a trench and via structure that passes through said capping

'layer, sai‘c_l second dielectric layer, said etch-stop layer and said first dielectric layéf and
extends, theréby, to said passivating layer;

forming a non-metallic layer over all surfaces of said trench aﬁd via formation
such that said non-metallic layer conformally covers said surfaces;

etching away portions of said non-metallic layer to form a barrier "spacer" over
 the side-walls of said trench and via fdrmation;

etching away the exposed portion of said passivation layer to expose the
conducting layer;.

forming a metallic barrier layer over all surfaces of said trench and via formation
such that said metallic barrier layer conformally covers said surfaces;

depositing copper over all surfaces of said trench and via formation.
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2 The method of claim 1 wherein the conducting layer is a copper (Cu) layer of

thickness between 2,000 angstroms and 15,000 angstroms.

3. The method of claim 1 wherein the conducting layer is comprised of one or more
of the materials selected from the group consisting of aluminum-copper alloy, tungsfen,
titanium and titanium oxide and has a thickness between 2,000 angstroms and

15,000 angstroms.

4. The method of claim 1 wherein the passivating layer is a silicon nitride (SiN)

layer of thickness between 50 angstroms and 5,000 angstroms.

5. The method of claim 1 wherein the first dielectric layer is a layer of fluorinated

dielectric material of low dielectric constant (low-k).

6. The method of claim S wherein the layer of fluorinated dielectric material is
selected from the group consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon
and fluorinated polyimide and is formed to a thickness between 1,000 angstroms and

10,000 angstroms.

7. The method of claim 1 wherein the etch-stop layer is a layer of SiN of thickness

. between 50 angstroms and 5,000 angstroms.
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8. The method of claim 1 wherein the second dielectric layer is a layer of fluorinated

dielectric material of low dielectric constant (low-k).

9. The method of claim 8 wherein the layer of ﬂﬁorinat_ed dielectric material is
selected from the group consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon
and fluorinated polyimide and is formed to a thickness béfween 1,000 angstroms and

10,000 angstroms.

10. The method of claim 1 wherein the capping layer is a SiN layer formed to a

thickness between 50 angstroms and 5,000 angstroms.

11. = The method of claim 1 wherein the trench and via formation is patterned and
etched using a trench first, via second method, said trench having a range of widths

between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15'_microns and 0.4 microns.

12.  The method of claim 11 wherein the etch is a plasma assisted etch wherein the
etching chemistry comprises one or more of the gases selected from the group consisting
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.
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13.  The method of claim 1 wherein the trench and via formation is patterned and
etched using a via first, trench second method, said trench having a range of widths
between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns.

14.  The method of claim 13 wherein the etch is a plasma assisted etch wherein the
etching chemistry coinprisés one or more of the gases selected from the group éonsisting
of: fluorocarbon(s), ﬂuorine-sui)stituted hydrocarbon(s), fluorosulfur, chlorine, hydrdgen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.

15.  The method of claim 1 wherein the trench and via formation is patterned aﬁd '
. etched using a self alignment (buried via) method, said trench having a range of Widths_
between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns.

16.  The method of claim 15 wherei_n the etch is a plasma assisted etch wherein the

etching chemistry comprises one or more of the gases selected from the group consisting

of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.
17.  The method of claim 1 wherein the non-metallic layer is a layer of material

selected from the group consisting of: silicon carbide, boron nitride, carbon nitride, boron

carbon nitride and boron carbide, said layer being formed by chemical vapor deposition
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(CVD)or ph-ysical vapor deposition (PVD) to a thickness of between 500 angstroms and

5,000 angstroms.

18.  The method of claim 1 wherein the non-metallic layer is etched with a. plasma_
assisted etch wﬁerein the etching chemistry comprises one or more of the gases selected
from the group consisting of: chlorine, 'borc.)n trichléride, oxygen, hydrogen, nitrogen,
forming gas (a mixt_ure of hydrogen and nitrogen) ﬂuoroéarbon(s),’ ﬂudﬁne-subsﬁmted '

“hydrocarbon(s) and argon.

19.  The method of claim 1 wherein the passivation layer is etched with a plasma
assisted etch wherein the etching chemistry comprises one or more of the gases selected
from the group consisting of: fluorocarbon(s), fluorine-substituted hydrocarbon(s),

hydroéarbon(s), oxygen, nitrogen and argon.

20.  The method of claim 1 wherein the metallic barrier layer is a layer of material
selected from the group consisting of: tantalum (Ta), tantalum nitride (TaN), metal-
silicon-nitride, titanium nitride (TiN) and tungsten nitride (WN), said layer being formed

to a thickness between 50 angstroms and 2,000 angstroms.

"~ 21. A method for forming a dual-damascene type conducting interconnect within a
microelectronics fabrication, comprising:
providing a layered structure such as is used in a microelectronics fabﬁ_cation,

said structure comprising a conducting layer, on which has been formed a passivating
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- layer, on whiéh has been formed a first dielectric layer, on which has been formed a

second dielectric layer and on which has been formed a capping layer;

patterning and etching a trench and via structure that passés through said capping |
layer, said second dielectric layer and said first dielectric layer and extends, thereby, to
said passivating layer; |

forming a non-metallic layer over all surfaces of said trench and via formation
such that said non-metallié layer conforma]ly covers said surfaces;

etching away portions of said non-metallic layer to form a barrier "spacer" over
the side-walls of said trench and via formation;

etching away the exposed portion.of said passivation layer to expose the
conduéting layer; | |

fonhing a metallic barrier. layer over all surfaces .of said trench and via formation
suéh that said metallic barrier layer conformally covers said surfaces;

depositing copper over all surfaces of said trench and via formation.

22.  The method of claim 21 wherein the conducting layer is a copper (Cu) layer of

thickness between 2,000 angstroms and 15,000 angstroms.

23.  The method of claim 21 wherein the conducting layer is comprised of one or more

" of the materials selected from the grbup consisting of alunlinmn;copper alloy, tungsten,

titanium and titanium oxide and has a thickness between 2,000 angstroms and

15,000 angstroms.
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24.  The method of claim 21 wherein the passivating layer is a silicon nitride (SiN)

layer formed to a thickness between 50 angstroms and 5,000 angstroms.

25.  The method of claim 21 wherein the first dielectric layer is a layer of fluorinated |

dielectric material of low dielectric constant (Jow-k).

26. The method of claim 25 Wh_erein the layer of fluorinated dielectric material is
selected from the group consisting of FSG, Teflon, Parylene-F, émorphous fluorocarbon
and fluorinated polyimide and is formed to a thickness between 1,000 angstroms and

10,000 angstroms.

27.  The method of claim 21 wherein the second dielectric layer is a layer of

fluorinated dielectric material of low dielectric constant (low-k).

28.  The method of claim 27 wherein the layer of ﬂuori_nate& dielectric material is
selected from the group consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon

and fluorinated polyimide and is formed to a thickness betw 000 angstroms and -

10,000 angstroms.

29.  The method of claim 21 wherein the capping layer is a SiN layer formed to a

thickness between 50 angstroms and 5,000 angstroms.
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'30. The 'méthod .of claim 21 wherein the trench and via formation is patterned and

etched using a trench first, via second method, said trench having a range of widths
between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns.

31.  The method of claim 30 wherein the etch is.a plasma assisted etch wherein the
etching chemistry comprises one or more of the gases selected from the group consisting
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.

32. The method of claim 21 wherein the trench and via formation is patterned and
etched using a via first, trench second method, said trench having a range of widths
between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns.

33.  The method of claim 32 wherein the etch is a plasma assisted etch wherein the
etching chemistry comprises one or more of the gases selected from the group consisting
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.
34.  The method of claim 21 wherein the trench and via formation is patterned and

etched using a self alignment (buried via) method, said trench having a range of widths

between 0.25 microns and 2.0 microns and said via having érange of widths between
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0.15 microns and 0.4 microns.

35.  The method of claim 34 wherein the etch is a pia_sma assisted etch wherein the
etching chemistry comprises ohe or more of the gases selected from the group consisting
of: ﬂuorocé,rbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbor_l monoxide.

A )

36. . The method of claim 21 wherein the non-metallic Iéyer is a layer of material
selected from the groui) consisting of: silicon carbidé, boron n'itri_de; carbon nitride, boron -
carbon nitride and boron carbide, said layer being formed by chemical vapor deposition
(CVD) or physical vapor depositioﬁ (PV]j) toa ﬂlick'ne_:ss of between 500 angstroms and

5,000 angstroms.

37.  The method of claim 21 wherein the non-metallic layer is etched with a plésma
assisted etch wherein the etching chemistry comprises one or more.of the gases selected
- from the group consisting of: chlorine, boron trichloride, oxygén, hydrogen, nitrogen,
forming. gas (a mixture of hydrogen and n.itrogen) fluorocarbon(s), fluorine-substituted

hydrocarbon(s) and argon.

38.  The method of claim 21 wherein the passivation layer is etched with a plasma
assisted etch wherein the etching chemistry comprises one or more of the gases selected
from the group consisting of: fluorocarbon(s), fluorine-substituted hydrocarbon(s),

hydrocarbon(s), oxygen, nitrogen and argon.
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39.  The method of claim 21 wherein the metallic barrier layer is a layer of material
selected from the group consisting of: tantalum (Ta), tantalum nitride (TaN), metal-
silicon-nitride, titanium nitride (TiN) and tungsten nitride (WN), said layer being formed

to a thickness between 50 angstroms and 2,000 angstrom:s.

40. A method for forming a dual-damascene type conducting interconnect within a

microelectronics fabrication, comprising:

providing a layered structure such as is used in a microelectronics fabrication,

~ said structure comprising a conducting layer, on which has been formed a passivating

layer, on which has been formed a first dielectric layer, on which has been formed an
etch-stop layer aﬁd on which has been formed a second dielectric layer;

patterning and etching a trench and via structure that passes through said second
dielectric layer, said etch-stop layer and said first dielectric layer and extends, thereby, to
said passivating layer;

forming a non-metallic layer over all surfaces of said trench and via formation
such that said non-metallic layer c_onformally covers said surfaces;

etching away portions of said non-fnetallic layer to form a barrier "spacer" over
the side-walls of said trench and via formation;

etching away the exposed portion of said passivation layer to expose the
conducting layer;

forming a metallic barrier layer over all surfaces of said trench and via formation -

such that said metallic barrier layer conformally covers said surfaces;
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depdsiting copper over all surfaces of said trench and via formation.

41. - The method of claim 40 wherein the conducting layer is a copper (Cu) layer of

thickness between 2,000 angstroms and 15,000 angstroms.

42.  The method of claim 40 wherein the conducting layer is comprised of one or more _
.of the materials selected from the group consisting of aluminum-copper alloy, tungsten,
titanium and titanium oxide and has a thickness between 2,000 angstroms and

15,000 angstroms.

43.  The method of claim 40 wherein the passivating layer is a silicon nitride (SiN)

formed to a thickness between 50 angstroms and 5,000 angstroms.

44,  The method of claim 40 wherein the first dielectric layer is a layer of fluorinated

dielectric material of low dielectric constant (low-k).

45.  The method of claim 44 wherein the layer of fluorinated dielectric material is
selected from the group consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon
and fluorinated polyimide and is formed to a thickness between 1,000 angstroms and

10,000 angstroms.
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46. The 'me'thod. of claim 40 wherein the etch-stop layer is a layer of SiN formed to a

thickness between 50 angstroms and 5,000 angstroms.

47.  The method of claim 40 wherein the second dielectric layer is a layer of

fluorinated dielectric material of low dielectric constant (low-k).

48.  The method of claim 47 wherein the layer of fluorinated dielectric material is
selected from the group consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon
and fluorinated polyimide and is formed to a thickness between 1,000 angstroms and

10,000 angstroms.

49.  The method of claim 40 wherein the trench and via formation is patterned and
etched using a trench first, via second method, said trench having a range of widths

between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns. -

50.  The method of claim 49 wherein the etch is a plasma assisted etch wherein the
etching chemistry comprises one or more of the gases selected from the group consisting
of: fluorocarbon(s), fluorine-substituted hydroéarbon(s), ﬂuorosuifu.r, chlorine, hydrogen

" bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.

33



A

51. - The inéthod of claim 40 wherein the trench and via formation is patterned and

etched using a via first, trench second method, said trench having a range of widths

between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns.

52. The method of claim 51 wherein the eich is a .plasma assisted etch wherein the
etching chemistry comprises one or more of the gases selected from the gro'up consisting
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.

53.  The method of claim 40 wherein the trench and via formation is patterned and
etched using a-'s'elf alignment (buried via) method, said trench having a range of widths-
between 0.25 microns and 2.0 microns and said via having a range of widths between

0.15 microns and 0.4 microns.

54, . The method of claim 53 wherein the etch is a plasma assisted etch wherein the

etching chemistry comprises one or more of the gases selected from the group consisting
of: fluorocarbon(s), fluorine-substituted hydrocarbon(s), fluorosulfur, chlorine, hydrogen

bromide, oxygen, nitrogen, argon, hydrogen and carbon monoxide.
55.  The method of claim 40 wherein the non-metallic layer is a layer of material

selected from the group consisting of: silicon carbide, boron nitride, carbon nitride, boron

carbon nitride and boron carbide, said layer being formed by chemical vapor deposition
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(CVD) or pliysi_cal vapor deposition (PVD) to a thickness of between 500 angstroms and

5,000 angstroms.

.56.  The method of claim 40 whérein the nén-metallic layer is etched with a plasma
assisted etch wherein the etching chemistry comprises one or more of the gases selected
frdm tixe group consisting of: chlorine, boron trichloride, oxygen, hydrogen, nitrogen,
forming gas (a mixture of hydrogen and nitrogen) fluorocarbon(s), fluorine-substituted

hydrocarbon(s) and argon.

57.  The method of claim 40 wherein the paésivation layer is etched with a plasma.
assisted etch wherein the etching chemistry comprises one or more of the gases selected
from the group consisting of: flucrocarbon(s), fluorine-substituted hydrocarbon(s),

hydrocarbon(s), oxygen, nitrogen and argon.

58.  The method of claim 40 wherein the metallic barrier layer is a layer of material
selected from the group consisting of: tantalum (Ta), tantalum nitride (TaN), metal-
silicon-nitride, titanium nitride (TiN) and tungsteh nitride (WN), said layer being formed

to a thickness between 50 angstroms and 2,000 angstroms.

" 59. A method for forming a dual-damascene type conducting interconnect within a
microelectronics fabrication, comprising:
providing a layered structure such as is used in a microelectronics fabrication,

said structure comprising a conducting layer, on which has been formed a passivating
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layer, on whicﬁ has i)een formed a first dielectric layer, on which has been formed an
etch-stop layer, on which has been forrhed a second dieleciric layer and on which has
been formed a capping layer; | |
patterning and etching a trench and via structure that passes through said capping

15yer, said second dielectric layer, said etch-stop layer and said first dielectric layer'a;nd
extehding, thereby, to said passivating layer;

forming a non-conductive layer over all surfaces of said trench and via formation
such that said non-metallic layer conformaﬁy covers said surfaces;

etching away portions of said non-conductive layer to form a baﬁier "spacér" over -
~ the side-walls of said trench and via formation; '.

etching away the exposed portion of said passivation layer to expose the
éonducting layer;

depositing copper over all surfaces of said trench and via formation. |

60.  The method of claim 59 wherein the conducting layer is a copper (Cu) layer of

thickness between 2,000 angstroms and 15,000 angstroms.

61.  The method of claim 59 wherein the pﬁssivaﬁng layer is a silicon nitride (SiN)

layer formed to a thickness between 500 and 5,000 angstroms.

62.  The method of claim 59 wherein the first dielectric layer is a selected from the

group consisting of undoped SiO,, carbon doped silicon oxide, organic polymer and

36



A

inorganic poiyrher, formed to a thickness of between 1,000 angstroms and 10,000

angstroms.

63.  The method of claim 59 wherein the etch-stop layer is a layer of silicon carbide

formed to a thickness between 500 angstroms and S,OOO angstroms.

64.  The method of claim 59 wherein the etch-stop layef is a layer of SiON formed to

a thickness between 500 angstroms and 5,000 angstroms.

65.  The method of claim 59 wherein the second dielectric layer is a selected from the
group consistihg of undoped SiO;, carbon doped silicon oxide, organic polymer and
inorganic polymer, formed to a thickness of between 1,000 angstroms and 10,000

angstroms.

66.  The method of claim 59 wherein the capping layer is a SiN layer formed to a

thickness between 50 angstroms and 5,000 angstroms.

67. The method of claim 59 wherein the trench and via formation is patterned and
etched using a trench first, via second method, said trench having a range of widths
" between 0.15 microns and 1.5 microns and said via having a range of widths between

0.05 microns and 0.3 microns.
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68.  The method of claim 67 wherein the etch is a plasma assisted etch whose

chemistry comprises one or more of the gases selected from the group consisting of:

_ ﬂuorocarbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), fluorosulfur,

chiorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxide.

69.  The method of claim 59 wherein the trench and via formation is patterned and
etched using a via first, trench second method, s_aid trench having a range of widths
between between 0.15 microns and 1.5 microns and said via having a range of widths

between 0.05 microns and 0.3 microns.

70.  The method of claim 69 wherein the etch is a plasma assisted etch whose
chemistry comprises one or more of the gases selected from the group consisting of:
fluorocarbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), fluorosulfur,

chlorine, hydrogen bromide, oxygen, riitrogen, hydrogen, argon and carbon monoxide.

71.  The method of claim 59 wherein the trench and via formation is patterned and
etched using a self alignment (buried via) method, said trench having a range of widths

between 0.15 microns and 1.5 microns and said via having a range of widths between

0.05 microns and 0.3 microns.

72.  The method of claim 71 wherein the etch is a plasma assisted etch whose

chemistry comprises one or more of the gases selected from the group consisting of:
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ﬂuorocarboﬁ(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), fluorosulfur,

chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxide.

73.  The method of claim 59 wherein the non-conductive layer is a layer of carbon-
" based amorphous materials of varying chemical composition, microstructure and physical
properties formed by plasma-enhanced chemical vapor deposition (PECVD) or physicél

vapor .deposition (PVD) to a thickness of between 100 angstroms and 3,000 angstroms.

74.  The method 6f claim 73 wherein the chemical composition of the non-conductive

carbon-based amorphous material is comprised solely of carbon.

75.  The method of claim 73 wherein the chemical composition of the non-conductive
carbon-based amorphous material comprises carbon and one or more elements that are

not metals.

76.  The method of claim 73 wherein the non-conductive carbon-based layer is a layer
comprised of materials selected from the group consisting of: fluorocarbon polymer,

silicon carbide, carbon nitride and boron carbide.

" 77.  The method of claim 60 wherein the etch of the carbon-based layer is an
anisotropic etch using plasma assisted etching wherein the etching chemistry comprisés

one or more of the gases selected from the group consisting of: chlorine, boron
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trichloride, dxygen, hydrogen, nitrogen, forming gas (a mixture of hydrogen and

nitrogen) and fluorocarbon(s).

78.  The method of claim 59 wherein the etch of the passivation layer is a plasma
assisted etch wherein the etching chemistry comprises one or more of the gases selected
from the group consisting of: ﬂubrocarbon(s), fluorine-substituted hydrocarbon(s), argdn

and nitrogen.

. 79. A method for forming a dUal-dainasceﬁe type cbnciucting interconnect within a
- microelectronics fabrication, comprising: B
providing a lﬁyered structure such as is used in a microelectronics fabrication,
said structure comprising a éonducﬁng 1ayer, on which has been formed a passii/ating
layer, on which has been formed a first dielectric layer, on which has been forméd an
etch-stop layer and on which has been formed a second dielectric layer.
patterning and etching a trench and via structure that passes through said second
dielectric layer, said etch-stop layer and said first dielectric layer and extending, thereby,
to said passivating layer;
forming a non-conductive layer over all surfaces ‘of said trench and via formation
such that said non-metallic layer conformally covers said surfaces;
etching away portions of said non-conductive layer to form a barrier "spacer" over
the side-walls of said trench and vié, formation;

etching away the exposed portion of said passivation layer to expose the

conducting layer;
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depoéiting copper over all surfaces of said trench and via formation.

80.  The method of claim 79 wherein the conducting layer is a copper (Cu) layér of I,

thickness between 2,000 angétroms and 15,000 angstroms.

81.  The method of claim 79 wherein the passivating layer is a silicon nitride (SiN)

layer formed to a thickness between 500 and 5,000 angstroms.

82.  The method of claim 79 wherein the ﬁrst dielectric layer is a selected from the

~ group 6ohsisting of undoped Si0,, carbon doped silicon oxide, organic polymer and

inorganic polymer, formed to a thickness of between 1,000 angstroms and 10,000

angstroms.

83.  The method of claim 79 wherein the etch-stop layer is a layer of silicon carbide

formed to a thickness between 500 angstroms and 5,000 angstroms.

84.  The method of claim 79 wherein the etch-stop layer is a layer of SiON formed to

a thickness between 500 angstroms and 5,000 angstroms.

" 85.  The method of claim 79 wherein the second dielectric layer is a selected from the

| group consisting of undoped SiO;, carbon doped silicon oxide, organic polymer and

inorganic polymer, formed to a thickness of bétween 1,000 angstroms and 10,000

angstroms.
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86.  The method of claim 79 wherein the trench and via formation is patterned and
etched using a trench first, via second method, said trench having a range of widths

between 0.15 microns and 1.5 microns and said via having a range of widths between

0.05 microns and 0.3 microns.-

87.  The method of claim 86 wherein the etch is a plasma assisted etch whose
chemistry comprises one or more of the gases selected from the group consisting of:
ﬂuoro'carbon(s), fluorine-substituted hydrocarbon(s), hy_drocérbon(s), fluorosulfur,

 chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxide.

88.  The method of claim 79 wherein the trench and via formation is pé.ttémed and
etched using a via ﬁrst, trench second method, said trench having a range of widths
between between 0.15 microns and 1.5 microns and said via having a range of widths

between 0.05 microns and 0.3 microns.

89.  The method of claim 88 wherein the etch is a plasma assisted etch whose
chemistry comprises one or more of the gases selected from the group consisting of:
fluorocarbon(s), fluorine-substituted hydrobarbon(s), hydrocarbon(s), fluorosulfur,

" chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxide.

90.  The method of claim 79 wherein the trench and via formation is patterned and

_ etched using a self alignment (buried via) method, said trench having a range of widths
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between 0.15 microns and 1.5 microns and said via having a range of widths between

0.05 microns and 0.3 microns.

91.  The method of claim 90 wherein the etch is a plasma assisfed etch whose
chemistry comprises one or more of the gases selected from the group consisting of:

fluorocarbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), ﬂuorosulfur,

 chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxidé. :

92.  The method of claim 79 wherein the non-conductive layer is a layer of carbon-
based amorphous materials of varying chemical composition, microstructure and physical
properties formed by plasma-enhanced chemical vapor deposition (PECVD) or physical

vapor deposition (PVD) to a thickness of between 100 angstroms and 3,000 angstroms.

93.  The method of claim 92 wherein the chemical composition of the non-conductive

~ carbon-based amorphous material is comprised solely of carbon.

94.  The method of claim 92 wherein the chemical composition of the non-conductive

carbon-based amorphous material comprises carbon and one or more elements that are

not metals.

95.  The method of claim 92 wherein the non-conductive carbon-based layer is a Iayer
comprised of materials selected from the group consisting of: fluorocarbon polymer,

silicon carbide, carbon nitride and boron carbide.
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96.  The method of claim 79 wherein the etch of the carbon-based layer is an
anisotropic etch using plasma assisted etching wherein the etchiﬁg chemistry comprises
one or more of the gases selected from the group consisting of: chlorine, boron
. trichloride, oxygen, hydrogen, nitrogen, forming gas (a mixture of hydrogen and

nitrogen) and fluorocarbon(s).

97.  The method of claim 79 wherein the etch of the passivation layer is a plasma
assisted etch wherein the etching chemistry comprises one or more of the gases selected
from the group éonsisting of: ﬂuorocai'bon(s), fluorine-substituted hydrocarbon(s), argon

and nitrogen.

98. A method for forming a dual-damascene type cdnducﬁng interconnect within a
microelectronics fabrication, comprising:

_ .providing a layered structure such as is used in a microelect;onics fabrication,
said structure comprising a conducting layer, on which has been formed a passivatiﬁg
layer, on which has been formed a first dielectric layér;

treating the uppef surface of said first dielectric layer with a first plasma
treatment,

forming an etch-stop layer on said first dielectric layer;

forming a second dielectric layer on said etch-stop léyer;

treating the upper surface of said second dielectric layer with a second plasma

treatment;
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| _formiﬁg ;¢1 capping layer on said second dielectric layer;

.patteming and etching a trench and Via structure that pasées through said capping
layer, said second dielectric layer, said etch-stop layer, said first dielectric layer and said
passivating layer; |

treating exposed surfaces of said trench and via structure with a third plasma

treatment.’

depositing copper over all surfaces of said trench and via formation.

99.  The method of claim 98 wherein the conducting layer is a copper (Cu) layer of

thickness between 2,000 angstroms and 15,000 angstrdms.

100. The method of claim 98 wherein the conducting layer is comprised of one or more
of the materials selected from the group cdnsisting of aluminum-copper alloy, tungsten, -
titanium and titanium oxide and has a thickness between 2,000 angstroms and

15,000 angstroms.

101.  The method of claim 98 wherein the passivating layer is a silicon nitride (SiN)

layer formed to a thickness between 500 angstroms and 5,000 angstroms.

' 102.  The method of claim 98 wherein the first dielectric layer is a layer of fluorinated

dielectric material of low dielectric constant (low-k).
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103.  The method of claim 102 wherein the layer of fluorinated dielectric material is
selected from the group consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon
and fluorinated polyimide and is formed to a thickness between 1,000 angstroms and |

10,000 angstroms.

104.  The method of claim 98 wherein the first plasma treatment is a nitrogen plasma

‘treatment.,

105.  The method of claim 98 wherein the first plasma treatment is a NH; plasma

" treatment.

106. The method of claim 98 wherein the first plasma treatment is a hydrazine plasma

 treatment.
107. The method of claim 98 wherein the first plasma treatment uses a gas mixture
comprising two or more gases selected from the group consisting of nitrogen, NH; and |

hydrazine.

108. The method of claim 98 wherein the etch stop layer is a layer of SIN formed to a

" thickness between 50 angstroms and 5,000 angstroms;

109. The method of claim 98 wherein the second dielectric layer is a layer of

fluorinated dielectric material of low dielectric constant (low-k).
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110.  The method of claim 109 wherein the layer of fluorinated dielectric material is a
layer of material selected from the group consisting of FSG, Teflon, fluorinated
polyimide, amorphous fluorocarbon and Parylene-F, formed to a thickness betWeen 1,000 .

angstroms and 10,000 angstroms.

111.  The method of claim 98 wherein the second plasma treatment is a nitrogen plasma

treatment.

112.  The method of claim 98 wherein the second plasma treatment is a NH; plasma

treatment.

113.  The method of claim 98 wherein the second plasma treatment is a hydrazine

plasma treatment.

114.  The method of claim 98 wherein the second plasina treatment uses a gas mixture

~ comprising two or more gases selected from the group consisting of nitrogen, NH3 and

hydrazine.

115. The method of claim 98 wherein the capping layer is a layer of SiN formed to a

thickness between 50 angstroms and 5,000 angstroms.
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116.  The method of claim 98 wherein the trench and via formation is patterned and
etched using a trench first, via second method, said trench having a range of widths -
between 0.3 microns and 3.0 microns and said via having a rangé of widths between

0.1 microns and 0.4 microns.

117.  The method of claim 116 wherein the etch is a plasma assisted etch whose
chemistry comprises one or more of the gaSes selected from the group consisting of:
fluorocarbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), ﬂubrosulfur,

chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon mono_xide..

118.  The method of claim 98 wherein the trench and via formation is patterned and
etched using a via first, trench second method, said trench having a range of widths
between between 0.3 microns and 3.0 microns and said via having a range of widths

between 0.1 microns and 0.4 microns.

119.  The method of claim 118 wherein the etch is a plasma assisted etch whose
chemistry comprises one or more of the gases selected from the group consisting of:
fluorocarbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), fluorosulfur,

chlorine, hydrogen bromide, oxygen, nitrogén, hydrogen, argon and carbon monoxide.

120.  The method of claim 98 wherein the trench and via formation is patterned and

etched using a self alignment (buried via) method, said trench having a range of widths
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between 0.3 microns and 3.0 microns and said via having a range of widths betWeen

0.1 microns and 0.4 microns.

- 121.. The method of claim 98 wherein the etch is a plasma assisted etch whose
chemistry comprises one or more of the gases selected from the group consisting of:
fluorocarbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), fluorosulfur,

chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxide.

122.  The method of claim 98 wherein the third plasma treatment is a nitrogen plasma

treatment.

123.  The method of claim 98 wherein the third plasma treatment is a NH; plasma

treatment.

124.  The method of claim 98 wherein the third plasma treatment is a hydrazine plasma

treatment.

125. The method of claim 98 wherein the third plasma treatment uses a gas mixture
comprising two or more gases selected from the group consisting of nitrogen, NH; and

hydrazine.
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126. A méthc;d fo; forming a dual-damascene fype conducgﬁng interconnect within a
microelectronics fabrication, comprising: |

providing a layered structure such as isusedina miérqeléctrom'cs fabrication,
said structure comprising a conducting layer, on_which has been formed a passivating
layer, on which has been formed a ﬁrst dielectric layer;

treating the upper surface of said fifst dielectric layef with a first plasma
treatment; .

forming a second dielectric layer on said first dielectric layer;

treating the upper surface éf said Second dielectric layer ﬁth a secdnd plasma
treatment; |

forming a capping.layer on said second dielectric layer;

patterning and etching a trench and via structure that passes through said capping | _
layer, said second dielectric layer, said first dielectric layer and said passivating layer;

treating exposed surfaces of said trench and via structure with a third plasma
treatment.

depositing copper over all surfaces of said trench and via formation.

127.  The method of claim 126 wherein the conducting layer is a copper (Cu) layer of I

thickness between 2,000 angstroms and 15,000 angstroms.
128. The method of claim 126 wherein the conducting layer is comprised of one or

more of the materials selected from the group consisting of aluminum-copper alloy,

tungsten, titanium and titanium oxide and has a thickness between 2,000 angstroms and
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15,000 angstfmﬁs.

129. The method of claim 126 wherein the passivating layer is a silicon nitride (SiN)

layer of thickness between 500 angstroms and 5,000 angstroms.

130. The method of claim 126 wherein the first dielectric layer is a layer of fluorinated

dielectric material of low dielectric constant (low-k).

* 131.  The method of claim 130 wherein the layer of fluorinated dielectric material is
selected from the group consisting of FSG, Teflon, Parylené-F, amorphous fluorocarbon

and fluorinated polyimide and is formed to a thickness between 1,000 angstroms and

10,000 angstroms. |

132.  The method of claim 126 wherein the first plasma treatment is a nitrogen plasma

tr_eatment.

133.  The method of claim 126 wherein the first plasma treatment is a NH3 plasma

treatment.

"134. The method of claim 126 wherein the first plasma treatment is a hydrazine plasmé

treatment.

S1



* [ L M S *

135. The method of claim 126 wherein the first plasma treatment uses a gas mixture
comprising two or more gases selected from the group consisting of nitrogen, NH;3 and

hydrazine.

'136.  The method of claim 126 wherein the second dielectric layer is a layer of

fluorinated dielectric material of low dielectric constant (low-k). |

137. The method of claim 136 wherein the layer of fluorinated dielectric material is a
layer of material selected from the group consisting of FSG, Teflon, fluorinated
- . polyimide, ambrphous fluorocarbon and Parylene-F, formed to a thickness between 1,000

angstroms and 10,000 angstroms.

138. The method of claim 126 wherein the second plasma treatment is a nitrogen

plasma treatment.

139. The method of claim 126 wherein the second plasma treatment is a NH; plasma

treatment.

140. The method of claim 126 wherein the second plasma treatment is a hydrazine

" plasma treatment.
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141. The method of claim 126 wherein the second plasma treatment uses a gas mixture

" comprising two or more gases selected from the group consisting of nitrogen, NHj; and

hydrazine.

142. The method of claim 126 wherein the capping layer is a layer of SiN formed to a

thickness between 50 angstroms and 5,000 angstroms.

143. The method of claim 126 wherein the trench and via formation is patterned and
etched using a trench first, via second method, said irehch having a range of widths
between 0.3 microns and 3.0 microns and said via having a range of widths between

0.1 microns and 0.4 microns.

144.  The method of claim 143 wherein the etch is a plasma assisted etch whose
chemistry comprises one or more of the gases selected from the group consisting of:
fluorocarbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), fluorosulfur,

chlorine, hydfogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxide.

145. The method of claim 126 wherein the trench and via formation is patterned and

etched using a via first, trench second method, said trench having a range of widths

" between between 0.3 microns and 3.0 microns and said via having a range of widths

between 0.1 microns and 0.4 microns.
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146. The method of claim 145 wherein the etch is a plasma assisted etch whose
chemistry éomprises one or more of the gasés selected from the group consisting of: .
fluorocarbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), fluorosulfur,

chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxide.

'147.  The method of claim 126 wherein the trench and via formation is patterned and
etched using a self align_mént (buried via) method, said trench having a rangéaof Widths
between 0.3 microns and 3.0 microns and séid via having a range of widths between

0.1 microns and 0.4 microns.

148. The method of claim 147 wherein the etch is a plasma assisted etch whose
chemistry comprises one or more of the gases selected from the group consisting of:
ﬂ\ioroca.rbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), ﬂuordsulﬁlr,

chlorine, hydrogen bromide, oxygen, nitrbgen; hydrogen, argon and carbon monoxide.

149. The method of claim 126 wherein the third plasma treatment is a ﬁitrogen plasma

treatment.

150. The method of claim 126 wherein the third plasma treatment is a NH; plasma

" treatment.

151. The method of claim 126 wherein the third plasma treatment is a hydrazine

plasma treatment.
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152 The method of claim 126 wherein the third plasma treatment uses a gas mixture .

~ comprising two or more gases selected from the group consisting of nitrogen, NH; and

hydrazine.

153. A method for forming a dual-damascene type conducting interconnect within a
micrbelectronics fabrication, comprising:
prdv_iding a layered structure such as is used in a microelectronics fabricatioﬁ,
said structure comprising a conducting layer, on which has been fbrrnéd a passivating
layer, on which has been formed a first dielectric layer;
treating the upper surface of said first dielectric layer with a. first plasma
treatment; |
forming an .etch-stop layer on said first dielectric layer;
forming a second dielectric layer on said etch-stop layer;
treating the upper surface of said second dielecﬁic layer with a second plasma
treatment;
- patterning and etching a trencllx and via structure that passes through said second
dielectric layer, said etch-stop layer, said first dielectric layer and said passivating layer;
treating exposed surfaces of said trench and via structure with a third plasma
treatment.

depositing copper over all surfaces of said trench and via formation.

55



* [ L L S * )

154. The me;thod of claim 153 wherein the conducting layer is a copper (Cu) layer of

thickness between 2,000 angstroms and 15,000 angstromns.

155. The method of claim 153 wherein the conducting layer is compriéed of one or
more of the materials selected from the group consisting of aluminum-copper alloy,
tungsten, titanium and titanium oxide and has a thickness between 2,000 angsfrdms and

15,000 angstroms.

156. Thé method of claim 153 wherein the passivating layer is a silicbn nitride (SiN)

layer formed to a thickness between 500 angstroms and 5,000 angstrbms.

| 157. The method of claim 153 wherein the first dielectri¢ layer is a layer of fluorinated

dielectric material of low dielectric constant (low-k).

158. The method of claim 157 wherein the laj'er of fluorinated dielectric material is
selected from the group consisting of FSG, Teflon, Parylene-F, amorphous fluorocarbon

and fluorinated polyimide and is formed to a thickness between 1,000 angstroms and

10,000 angstroms.

'159.  The method of claim 153 wherein the first plasma treatment is a nitrern plasma

treatment.
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160. The method of claim 153 wherein the first plasma treatment is a NH; plasma

treatment.

161.  The method of claim 153 wherein the first plasma treatment is a hydfazine plasma

treatment.

162." The method of claim 153 wherein the first plasma treatment uses a gas mixture
comprising two or more gases selected from the group consisting of nitrogen, NH; and-

hydrazine.

163. The method of claim 153 wherein the etch stop lé.yer_ is a layer of SiN déposited
by chemical i/apor depbsition (CVD) to a thickness between 50 angstroms and 5,000

angstroms.

164.  The method of claim 153 wherein the second dielectric layer is a layer of

fluorinated dielectric material of low dielectric constant (low-k).

165. The method of claim 153 wherein the layer of fluorinated dielectric material is a
layer of material selected from the group consisting of FSG, Teflon, fluorinated
polyimide, amorphous fluorocarbon and Parylene-F, formed to a thickness between 1,000

angstroms and 10,000 angstroms.
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166. The method of claim 153 wherein the second plasma treatment is a nitrogen

plasma treatment.

167. The method of claim 153 wherein the second plasma treatment is a NH; plasma

treatment.

168. The method of claim 153 wherein the second plasma treatment is a hydrazine

plasma treatment.

' 169. The method of claim 153 wherein the second plasma treatment uses a gas mixture
comprising two or more gases selected from the group consisting of nitrogen, NH; and

hydrazine.

170. The method of claim 153 wherein the trench and via formation is patterned and
etched using a trench first, via second method, said trench having a range of widths _
between 0.3 microns and 3.0 microns and said via having a range of widths between

0.1 microns and 0.4 microns.

171.  The method of claim 170 wherein the etch is a plasma assisted etch whose
chemistry comprises one or more of the gases selected from the group consisting of:
fluorocarbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), fluorosulfur,

chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxide.
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172, The mefhod of claim 153 wherein the trench and via formation is patterned and
etched using a via first, trench second method, said trench having a range of widths |
between between 0.3 microns and 3.0 microns and said via having a range of widths

between O.I microns and 0.4 microns.

173.  The method of claim 172 wherein the etch is a plasma assisted etch whose
chemistry comprises one or more of the gases selected from the group consisting of:
fluorocarbon(s), fluorine-substituted hyd_rocafbon(s), hydrocarbon(s), fluorosulfur,

chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxide.

174.  The method of claim 153 wherein the trench and via formation is patterned and
etched using a self alignment (buried via) method, said trench having a range of widths
between 0.3 microns and 3.0 microns and said via having a range of widths between

0.1 microns and 0.4 microns.

175. The method of claim 174 wherein the efch is a plasma assisted etch whose
chemistry comprises one or more of the gases selected from the group conSi_s'ting of:
fluorocarbon(s), fluorine-substituted hydrocarbon(s), hydrocarbon(s), fluorosulfur,

chlorine, hydrogen bromide, oxygen, nitrogen, hydrogen, argon and carbon monoxide.

176. The method of claim 153 wherein the third plasma treatment is a nitrogen plasma

treatment.
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177. The method of claim 153 wherein the third plasma treatment is a NH; plasma

treatment.

178. The method of claim 153 wherein the third plasma treatment is a hydrazine

~ plasma treatment.
179. The method of claim 153 wherein the third plasma treatment uses a gas mixture

comprising two or more gases selected from the group consisting of nitrogen, NH; and

hydrazine.
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