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POST TREATMENT OF ViA OPENING BY N-CONTAINING PLASMA OR H-
: CONTAINING PLASMA I'OR ELIMINATION OF FL INE SPECIES IN THE

FSG NEAR THE SURF E VIA OPENIN

F{ELD OF THE INVENTION

The present invention relates generally to methods of forming metal
interconnects in semiconductor devices and specifically to forming such metal

interconnects within FSG ILD and IMD layers.
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BACKGROUND OF THE INVENTION

Metal interconnects are attacked by fluorine (F) species from fluorinated
silica glass (FSG) interlevel dielectric (ILD) or intermetal dielectric (IMD) layers. The
F species attacks on the metal interconnects forms metal fluorides, which are non-

conducting and causing clectrical resistance or loose contacts.

For example, U.S. Patent No. 5,244,535 to Ohtsuka et al. describes a method
of manufacturing a semiconductor device ihcluding a nifrogen-containing plasma
treatment of contact holes. The contact holes are etched through an insulation layer
(for example SiO,) with a fluorine-based gaseous plasma, and the contact holes are
then- immediately flooded with the nitrogen-containing plasma that inhibits

formation of reaction products on the exposed portion of the contact holes.

U.S. Patent No. 5,643,407 to Chang describes a method of forming via
openings through an intermetal dielectric (IMD) layer (comprised of spin-on-glass
(SOC) sandwiched between two 1aye'rs_of silicon oxide (SiOZ)) to an underlying

patterned first metal layer. A vacuum bake is used to remove moisture from the

- exposed SOG layer within the via opening and then a nitrogen plasma treatment

converts the SOG lat}-?cr from an organic to an inorganic material. The inorganic
SOG layer material has less moisture absorption, and suppresses outgassing from

the rest of the organic SOG layer to prevent poisoned via metallurgy.
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U.S. Patent No. 5,970,376 to Chen describes a methc_id for forming a via

through a dielectric layer within a microelectronics fabrication. A via is formed

- through a low dielectric constant dielectric layer (formed from a silsequioxane SOG

dielectric material) by a fluorine-containing plasma etch method. The fluorine-
containing plasma etch method also simultaneously forms a fluorocarbon polymer
residue layer on a sidewall of the etched via. A plasma treatment is then applied to
the via to form a plasma treated fluorocarbon polymer residue layer. The plasfna
treafed fluorocarbon polymer residue layer on the sidewall of the via may then be

stripped, and is stripped, with an oxygen contaiﬁing plasma.

U.S. Patent No. 5,976,626 to Matsubara et al. describes a method of
manufacturing a semiconductor without corrosion in wiring, for example. A silicon

oxide film is formed on a substrate, covering a first wiring formed with a silicon

oxide film therebetween. A thick-film inorganic SOG film is then coated on the

silicon oxide film and a thermal treatment is then applied. A silicon oxide film is
then formed and a via hole is then formed thrbugh to the fifst wiring. A thermal

treatment at 150 - 550°C and not more than 10 Torr pressure is then carried out

- with a portion of the thick-film inorganic SOG film exposed at a sidé surface of the

via hole. Residual gas, suéh as CO, and H,0O adsorbed to the side surface of the via

" hole is released so that subsequently formed wiring within the via hole will not be

corroded.



U.S. Patent No. 5,763,010 to Guo et al. describes a method of stabilizing
halogen-doped silicon oxide film té reduce halogen atoms migrating from the film
during subsequent processing steps. A halogen-doped film is déposited over a
substrate and is then subjected to a degassing step by briefly heating the’film to
between about 300 and 550°C before deposition of a diffusion barrier layer. The
~ heat treatment is thought to remove loosely bonded halogen atoms from the
halogen-doped film. In a preferred embodiment, the halogen-doped silicon oxide

film is FSG film that is subjected to a degassing treatment for between about 35 and

50 seconds.

U.S. Patent No. 5,827,785 to Bhan et al. describes a method and apparatus for
" improving film stability of a halogen-doped silicon oxide layer. A process gas is
introduced including a first and second halogen source into a deposition chamber
along with silicon and oxygén éources. A plasma is then formed from the process
gas to deposit a halogen-doped layer over a substfate withiﬁ the chamber. The
additional halogen source, i.e. the second halogen spui‘ce, is bélieved to enhance the
etching effect of the film and this enhanced etching component of the film
deposition improves the film's gap-fill capabilities and helps stabilize the film. Tn
the preferred embodiment, the halogen-dopéd film is a fluorosilicate glass (FSG)
: fiim; SiF, is the firsf halogen source; TEOS is the source of the silicor_l;. aﬁd the

second halogen source is either F, or NF,.



U.S. Patent No. 5,904,566 to Tao et al. describes a method foi' forming a via
through a nitrogenated silicon oxide layer. A reactive ion etch (RIE) plasma etch is
used to create a via opening is formed through a nitrogenated silicon oxide layer to
an underlying substrate. The RIE method uses an etchant gas composition

comprising: a perfluorocarbon having a carbon : fluorine atomic ratio of at least

about 1: 3; oxygen; and argon.



SUMMARY O E INVENTION

Accordingly, it is an object of the present invention to provide a method of
forming a metal interconnect within a fluorinated silica glass dielectric layer while

preventing outgassing from the fluorinated silica glass dielectric layer.

Another object of the present invention is to provide a method of forming a
metal interconnect in a via opening within a fluorinated silica glass dielectric layer
while eliminating fliiorine species on the exposed surface of the fluorinated silica
glass dielectric layer within the via opening to reduce the possibility of forming

metal fluorides.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the present
invention may be accomplished in the following manner. Specifically, a
semiconductor structure having a semiconductor device structure formed therein is
provided. A metal line is formed over the semiconductor strﬁctu;e. The metal line
being electrically connected with the semiconductor device structure. An insuléting
layer is formed over the semiconductor structure, covering the metal line. A
fluorinated silica glass dielectric layer is formed over the insulating layer. The

fluorinated silica glass dielectric layer is planarized to form a planarized fluorinated



silica glass dielectric layer. The planarized fluorinated silica glass dielectric layer
and the insulating layer are patteméd to form a via opening to the metal line, and
exposing portions of the patterned fluorinated silica glass dielectric layer within the
via opening. The via.opening is treated with a plasma selected from the group
comprising an N—contéining plasma, an H-containing plasma, and a combination

thereof. A metal interconnect is then formed within the via opening.
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BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the method of the present invention will be

- more clearly understood from the folloWing description taken in conjunction with

the accompanying drawings in which like reference numerals designate similar or

corresponding elements, regions and portions and in which:

Figs. 1 through 8 schematically illustrate in cross-sectional representation a
préferred embodiment of the present invention with Figs. 5 and 6 illustrating one

proposed mechanism and Figs. 7 and 8 illustrating another proposed mechanism.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Accordingly as shown in Fig. i, starting semiconductor structure 10 is
understood to possibly include a semiconductor wafer or substrate, active and
passive devicés formed within the wafer, cbnductive layers and dielectric layers
(e.g-, inter-poly oxide (IPO), intermetal dielectric (IMD), etc.) formed over the wafer
surface. The term “semiconductor structure” is meaht to include devices formed
within a semiconductor wafer and the layers overlying the wafer. Unless otherwise
specified, all structures, layers, etc. may be formed or accomplished by

conventional methods known in the prior art.

Semiconductor structure 10 includes exposed semiconductor devices or

interconnect lines at indicated at 12.

At least one metal line 14 is formed over semiconductor structure 10 so as to
contact underlying semiconductor device/interconnect line 12. Metal line 14 may

be comprised of aluminum or copper and is preferably copper:

As shown in Fig. 2, insulating layer 16 is formed over the surface of

semiconductor structure 10 and over metal line 14. Insulating layer 16 is from about

" 500 to 3000A thick and more preferably from about 800 to 2000A thick, and may be

formed of polymer, silica glass, silicon nitride, or silicon oxynitride and is



preferably undoped silica glass (USG). For purposes of illustration, insulation layer

16 will be considered to be comprised of USG hereafter.

Formation of FSG Layer 18

‘Fluorinated silica glass (FSG) layer 18 is then deposited over USG layer 16
preferably by either a PECVD or HDCVD process. FSG layer 18 can consist of

nitrogen, boron, phosphorus, or a combination thereof as a stabilizer.

FSG layer 18 is from abouf 8000 to 22,000A thick, and more preferably from
“about 12,000 to 18,000A. The concentration of fluorine (F) within FSG layer 18 is

preferably from about 0.5 to 8.0 atom %, and more preferably from about 1 to 4.5

atom %.

As shown in Fig. 3, FSG layer 18 is planarized by, for example, chemical-
mechanical polishing (CMP), to form planarized FSG layer 18'. Planarized FSG

layer 18' is from about 4000 to 12,000A thick, and is more preferably from about
4500 to 11,500A thick.

Optionally, a cépping layer / hard mask layer 20 may then be formed over
planarized FSG layer 18' to a thickness of from about 500 to 40004, and more

preferably from about 1000 to 3000A.
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Hard mask layer 20 may be comprised of undoped silica glass, phosphorus
doped silica glass, boron doped silica glass, boron-phosphorus doped silica glass,
silicon nitride, or silicon oxynitride, and is moré preferably silicon-rich oxide (SRO).
SRO is a silicon oxide layer containing excessive silicon. For purposes of

illustration, hard mask layér 20 will be considered to be comprised of SRO

hereafter.

SRO layer 20 may be formed as follows, which is essentially the same
method as forming a silicon oxide layer by a chemical vapor deposition (CVD).
Monosilane and nitrogen monoxide gasses are introduced through mutually
different gas inlets into an LPCVD oven having a quartz reaction tube which can
introduée a vacuum and a heater for heating the reaction tube. The LPCVD oven is
set to from about 700 to 800°C with nitrogen gas used as the atmosphere gas. The
overall pressufe_ of these gases is maintained at about 1 torr. An excessive amount
of silicon is provided in the silicon dioxide layer by varying the gas flow ratio of the
monosilane and nitrogen monoxide to increase the gas flow rate of monosilane.
According to the increase of the proportion of the monosilane, the amount of the
excessive silicon is increased to form an SRO layer. The SRO layer is an insulator
having a structure in which fine silicon .agg.regate is mixed in the silicon oxide

(SiO,) layer.

11



As shown in Fig. 4, SRO layer 20, planarized FSG layer 18', and USG layer 16
are patterned to form via opening 22 to metal line 14. Via opening 22 has a height to

width ratio of from about 1:1 to 20:1, and more preferably from about 2:1 to 15:1.

This patterning may be accomplished by, for example, forming a photoresist
layer (not shown) over SRO layer 20 and patterning the photoresist to form a
photoresist mask. The photoresist mask could then be used to etch SRO layer 20,
planarized FSG layer 18', and USG layer 16 to form via opening 22. The photoresist

layer would then be stripped and removed.

Via opening 22 exposes portions 23 of patterned FSG layer 18" and also

portions of patterned SRO layer 20" and portions of patterned USG layer 16"

P_roblem the Invention Solves

The inventors have found that absent further processing, F would outgas, or
diffuse, from patterned FSG layer 18" to and through exposed portion 23 of via
opening 22 and react with any metal interconnect formed within via opening 22 to
form metal fluoride compounds. Such metal fluoride compounds would
deleteriously affect the .conductivity of the metal intércopnect, and thus the
semiconductor devices. A critical point of this invention is the recognition of this

problem.

12



Nitrogen Containing Plasma Treatment of Via Opening 22

As shown in Fig. 5 in a key step of the invention, either an N-plasma or an H-
plasma is used to treat at least the exposed portions 23 of patterned FSG layer 18".
Although it is not known, based upon the type of plasma used, two proposed

mechanisms serve to prevent outgassing of fluorine (F) from FSG layer 18".
Oxynitride La ation Proposed Mechani

If an N-plasma is used, and in the first proposed rﬁechanism, é thin
oxynitride layer 24 may be formed at least over the exposed portions 23 of
patterned FSG layer 18",. and may also be formed over the exposed portions of
patterned SRO layer and patterned USG layer within via opening 22. The exposed

portions 23 of patterned FSG layer 18" form a silicon-rich oxynitride layer.

Oxynitride layer 24 acts as a barrier against the outgassing or diffusion of F

species from the inner, unexposed, portions of patterned FSG layer 18".

Oxynitride layer 24 has a thickness from about 30 to 10004, more preferably

from about 60 to 500A.
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Oxynitride layer 24 is formed by treating the éxposed via opening 22 with a
nitrogen (N)-contain‘mg plasma at the following parameters:

temperature: from about 0 to 520°C, and more preferably from about

20 to 450°C; |
pressure: from aboﬁt 0.001 to 10 Torr, and more preferably from about

0.005 to 5 Torr;
power: from about 20 to 2000 W, and more preferably from about 50
to 1000W;

time: from about 3 to 300 seconds, and more preferably from about 10

to 150 seconds; and

tools: a PECVD, HDCVD or plasma etcher.

The N-containing plasma may be: an N, plasma; an NH, plasma, an NH, -
NH, plasma, one the these above-plasmas with an H, plasma, or a combination of

two or more of the above-plasmas with or without an H, plasma.

The stoichiometric ratio of H to N present in the N-containing plasma is from

about 0 to 10, and more preferably from about 0.5 to 6.
The N-containing plasma treatment has the effect of etching the F species on
the exposed portions 23 of patterned FSG layer 18" within via opening 22, and

forming silicon (Si)-rich oxynitride on the surface of the via (oxynitride 1ayér 24).
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E-Depleted Layer Formation Proposed Mechanism

As shown in Fig. 7, in the second proposed mechanism,_ that may occur when
either an N-plasma is used or when an H-plasma is used éo treat at least fhe
exposed portions 23 of patterned FSG layer 18", an F-depleted layer 19. ﬁnay' be
formed along the exposed FSG layer portions 23. F-depleted layer 19 also effectively

serves as a barrier to F-outgassing from FSG layer 18".

The thickness of the F-depleted layer 19 is sufficient to act as a barrier to F

outgassing from FSG layer 18".

The conditions for this N-plasma or H-plasma treatment may be similar to
those conditions noted above for just the N-plasma treatment. It is not understood
why such an N-plasma treatment would form either oxynitride layer 24 or F-
depleted layer 19. Regardless of whether oxynitride layer 24 ot F-depleted layer 19

is formed, F-outgassing is prevented from FSG layer 18" into metal interconnect 26.
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Formation of Metal Interconnect 26

A layer of metal (not shown) is then deposited over SRO layer 20", filling
oxynitride layer 24 lined via opénin‘g 22 in the event oxynitride (SiON) layer 24 was.
formed, or within F-depleted layer 19 lined via opening 22 in the event F-depleted

layer 19 was formed.

As shown in Figs. 6 and 8, respectively, the metal layer is planarized to
remove the excess of the metal from the upper surface of plana_rized SRO layer 20",

forming planarized metal interconnect 26 within via opening 22.

Metal interconnect 26 may be comprised of aluminum, copper or tungsten

and is preferably tungsten.

- Without SiON layer 24 as shown in Fig. 6 or F-depleted layer 19 as shown in
Fig. 8, the F from FSG layer 18" would react with the copper in interconnect 26 to

form CuF,, for example, and cause problems.
Oxynitride layer 24 or F-depleted layer 19 serves as a barrier layer to

patterned FSG layer 18" and blocks outgassing or diffusing of F species from

patterned FSG layer 18" to metal interconnect 26, thus preventing formation of

16



undesired metal fluorides that affect the electrical resistance and performance of

metal interconnect 26.

While particular embodiments of the present invention have been illustrated

and described, it is not intended to limit the invention, except as defined by the

following claims.

17
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CLAIMS

We claim:

1. A method of forming a metal interconnect within a fluorinated silica glass
dielectric layer while preventing oﬁtgassing from said fluorinated silica glass
dielectric layer, comprising the steps of:

providing a semiconductor structuré having a semiconductor device
structure formed therein;

forming a metal line over said semiconductor structure; said metal line being'
electrically connected with said semiconductor device structure; |

forming an insulating layer over said semiconductor structure, covering said

" metal line;

forming al fluorinated silica glass dielectric layer over said insulating layer;
_planarizing said fluorinated silica glass dielectric layer to form a planarized
fluorinated silica glass dielectric layer;
patterning said planarized fluorinated siiica glass dieléctric layer and said
insulating layer to form a via opening to said métal line and exposing portions of
said patterned fluorinated silica glasé dielectric layer within said via opening;
treating'said via opening with a plasma selected from the group comprising
an N—containfng plasma, an H-containing plasma, and a combination Eh‘_ereof; and

forming a metal interconnect within said via opening.

18
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2. The method of claim 1, further including the steps of forming a capping layer
over said planarized fluorinated silica glass dielectric layer; wherein said capping
layer is also patterned in forming said via opening; and wherein said exposed
portions of said patterned fluorinated silica glass dielectric layer are converted to a
barrier layer that prevents said outgassin{c.,r from said pattérned fluorinated silica

~ glass dielectric layer.

3. The method of claim 1, further including the steps of:
forming a silicon-rich oxide layer over said planarized fluorinated silica glass
dielectric layer;

wherein said silicon-rich oxide layer is also patterned in forming said via

opening.

4. The method of claim 1, wherein said ihsula’cing layer is comprised of a
material selected from the group comprising polymer, silica glass, silicon nitride,
silicon oxyﬁitride, and undoped silica glass'; and said -flubrinated silica glass

dielectric layer has a fluorine concentration of from about 0.5 to 8.0 atom %.

5. The method of claim 1, wherein said insulating layer is comprised of
undoped silica glass; and said fluorinated silica glass dielectric layer has a fluorine

concentration of from about 1.0 to 9.5 atom %.

19
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6. The method of claim 1, wherein said insulating layer has a thickness of from
about 500 to 30004, and said planarized fluorinated silica glass dielectric layer 18"
has a thickness of from about 4000 to 12,_0001\, and wherein sa.id. plasma treatment
forms a SiON barrier layer on the exposed sidewalls of said via opening, said SiON

barrier layer having a thickness of from about 30 to 1000A.

7. . The method of claim 1, wherein said insulating layer has a thickness of from
about 800 to 20004, and said planarized fluorinated silica glass dielectric layer has a
thickness of froﬁ ébout 4500 to 11,SOOA,- ahd wherein said plasma treatment forms
a SiON barrier layer on the exposed sidewalls of said via opening, said SiON

barrier layer having a thickness of from about 60 to 500A.
8. The method of claim 1, wherein said fluorinated silica glass dielectric layer is
formed by a method selected from the group comprising a PECVD method and a

HDCVD method.

9. The method of claim 1, wherein said fluorinated silica glass dielectric layer is

formed by an HDCVD method.

10.  The method of claim 1, wherein said via opening has a height to width ratio

of from about 1:1 to 20:1.
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11.  The method of claim 1, wherein said metal line is comprised of a material
selected from the group comprising aluminum and copper; and said metal
interconnect is comprised of a material selected from the group comprising

aluminum, copper and tungsten.

12.  The method of claim 1, wherein said N-containing plasma is a plasma
éelected from the group comprising an N, plasma, an NH, plasma, an NH, - NH,
plasma, and a combination of one or more of these said plasmas with each other or

with an H, plasma, and said H-containing 'plasfna is an H, plasma.

13.  The method of claim 1, wherein said plasma treatment is conducted at a .

power of from about 20 to 2000W, for about 3 to 300 seconds.

14. The method of claim 1, wherein said plasma treatment is conducted at a

power of from about 50 to 1000 W, for from about 10 to 50 secorids.

15. A method of forming a metal interconnect within a fluorinated silica glass
dielectric layer while preventing outgassing from said fluorinated silica glass

dielectric layer, comprising the steps of:

AR SR
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providing a semiconductor structure having a semiconductor device
structure formed therein;

forming a metal line over said semiconductor structure; said metal line being
electrically connected with said semiconductor device structure;

forming an insulafing layer over said semiconductor structure, covering said
metal line; |

fofming a fluorinated silica glass dielectric layer over said insulating léyer;

planarizing said ﬂuorinatea silica glass dielectric layer to form a planarized
fluorinated silica glasé dielectric layer;

forming a capping layer over said planarized fluorinated silica glass
dielectric layer;

patterning said capping layer layer, said planarized fluorinated silica glass
dielectric layer, and said insulating layer to form a via opening to said metal line
and exposing. portions of said patterned fluorinated silica glass dielectric layer
within said via opening; | |

treating said via opening with a plasma; said plasma selected from the group
comprising an N-containing plasma, an H-containing plasma, and a combination
thereof, wherein said exposed portions of said patterned fluorinated silica glass
dielectric layer aré converted to a barrier layer that prevents said outgassing from
said patterned fluorinated silica glass dielectric layer; and

forming a metal interconnect within said via opening.
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16.  The method of claim 15, wherein said capping layer is comprised of a
material selected from the group comprising undoped silica glass, phosphorous
doped silica glass, boron'doped silica glass, boron-phosphorous doped silica glass,

silicon nitride, silicon oxynitride, and silicon-rich oxide.

17.  The method of claim 15, wherein said insulating layer is comprised of a
material selected from the group comprising polymer, silica glass, silicon nitride, or
silicon oxynitride and undoped silica glass; and said fluorinated silica glass

dielectric layer has a fluorine concentration of from about 0.5 to 8.0 atom %.

18. The method of claim 15, wherein said insi.llating layer is comprised of
undoped silica glass; and said fluorinated silica glass dielectric layer has a fluorine

céncentration of from about 1 to 4.5 atom %.

19.  The method of claim 15, wherein said insulating layer has a thickness of from
about 500 to 30004, and said planarizcd fluorinated silica glass dielectric layer has a
thickness of from about 4000 to 12,000A, and said barrier layer is comprised of

SiON and has a thickness of from abou* 30 to 1000A.

20.  The method of claim 15, wherein said insulating layer has a thickness of from

about 800 to 20004, and said planarized fluorinated silica glass dielectric layer has a

-
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thickness of from about 4500 to 11,5004, and said barrier layer is comprised of

SiON and has a thickness of from about 60 to 500A.

21.  The method of claim 15, wherein said fluorinated silica glass dielectric layer

is formed by a method selected from the grou'p.comprising a PECVD method and a

HDCVD method.

22.  The method of clhim 15, wherein said fluorinated silica glass dielectric layer

is formed by an HDCVD method.

23.  The method of claim 15, wherein said via opening has a height to width ratio

of from about 1:1 to 20:1.

24.  The method of claim 15, wherein said metal line is comprised of a material
selected from the group compfising aluminum and copper; and said metal
interconnect is comprised of a material selected from the group comprising

aluminum, copper and tungsten.

25. The method of claim 15, wherein said N-containing plasma is a plasma
selected from the group comprising an N, plasma, an NH, plasma, an NH, - NH,
plasma, and a combination of one or more of these said plasmas with each other or

with an H, plasma, and said H-containing plasma is an H, plasma.
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26.  The method of claim 15, wherein said plasma treatment is conducted at a

power of from about 20 to 2000W, for about 3 to 300 seconds.

27.  The method of claim 15, wherein said plasma treatment is conducted at a

power of from about 50 to 1000W, for from about 10 to 150 seconds.

28. A method of forming a metal interconnect within a fluorinated silica glass

dielectric layer while prevenfi,ng outgassing from said fluorinated silica glass
dielectric layer, comprising the steps of: -

providing a semiconductor structure having a semiconductor device
structure formed therein;

forming a metal iine over said semiconductor structure; said metal line being
electrically connected with said semiconductor device structure;

forming a undoped silica glass layer over said semiconductor strﬁcture,
covering said metal line;

forming a ﬂﬁorinated silica glass dielectric layer over said undoped silica
glass layer; said fluorinated silica glass. dielectric layer héving a fluorine
concentration between about 0.5 and 8.0 atom %; | |

planarizing said fluorinated silica glass dielectric layér to form a planarized

fluorinated silica glass dielectric layer;

: * [ L n s, *
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forming a silicon-rich oxide layer over said planarized fluorinated silica glass
dielectric layer;

patterning said silicon-rich oxide layer, said planarized fluorinated silica
glass dielectric layer, and said undoped silica glass layer to form a via opening to
said metal line and exposing portions of said patterned fluorinated silica glass
dielectric layer within said via opening;

treating said via opening with a plasma wherein said exposed portions of
said patterned fluorinated silica glass dielegtric layer are converted to a barrier
layer that pl;events said outgassing from said patterned fluorinated silica glass
dielectric layer; and

~ forming a metal interconnect within said via opening.

29. The method of claim 28, wherein said fluorinated silica glass dielectric layer

has a fluorine concentration of from about 1 to 4.5 atom %.

30. The method of claim 28, wherein said undoped silica glass layer has a
thickness of from about 500 to 30004, and said planarized fluorinated silica glass
dielectric layer has a thickness of from about 4000 to 12,0004, and said barrier layer

is comprised of SiON and has a thickness of from about 30 to 1000A.

31.  The method of claim 28, wherein said undoped silica glass layer has a

thickness of from about 800 to 2000A, and said planarized fluorinated silica glass

ST



. dielectric layer has a thickness of from about 4500 to 11,5004, and said barrier layer

is comprised of SiON and has a thickness of from about 60 to 500A.

32.  The method of claim 28, wherein said fluorinated silica glass dielectric layer

is formed by a method selected from the group comprising PECVD and HDCVD.

33.  The method of claim 28, wherein said fluorinated silica glass dielectric layer

is formed by a HDCVD method.

34.  The method of claim 28, wherein said via opening has a height to width ratio

of from about 1:1 to 20:1.

35. The method of claim 28, wherein said metal line is comprised of a material
selected from the group comprising aluminum and copper; and said metal
interconnect is comprised of a material selected from the group comprising

aluminum, copper, and tungsten.

36. The method of claim 28, wherein said N-containing plasma is a plasma
selected from the group comprising an N, plasma, an NH, plasma, an NH, - NH,
plasma, and a combination of one or more of these said plasmas with each other or

- with an H, plasma, and said H-containing plasma is an H, plasma.
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37.  The method of claim 28, wherein said N-containing plasma treatment is

conducted at a power of from about 20 to 2000W, for about 3 to 300 seconds.

38, The method of claim 28, wherein said N-containing plasma treatment is

conducted at a power of from about 50 to 1000W, for from about 10 to 150 seconds.

-
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