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A PROCESS-WITHOUT_POST—ETCH CLEANING - CONVERTING POLYMER AND
- BY-PRODUCTS INTO AN INERT LAYER

BACKGROUND OF THE INVENTION

(i) Field of the Invention

The invention relates to a method of
metallization in the fabrication of integrated circuits, and
more particularl?, to a'ﬁethod avoiding post-etch cleaning of
vias and trenches by converting etch residué to an inert

layer in the manufacture of integrated circuits.

(2) Description of the Prior Art

As device geometry'shrinks, it becomes more
and more difficult'to'remove the post-etch polymer from deep
submicron Qias and trenches. The residue remaining in vias
and trenches will affect the subsequent barrier deposition
and metallization causing via poisoning, high contact/line
resistance?-and reliability issues. The small geometry vias
and trenches also cause difficulty in metallization because
too thin a barriei may lead to leakage and copper diffusion
while too thick a barrier may cause a problem in gap-filling.
In the case of organic low dielectric constant or porous low'

dielectric constant material's being used as dielectric

materials, the post-etch cleaning (polymer and copper) is a



challenge for both wet and dry cleaning processes. It would
be ‘desirable to avoid the.nécessity for cleaning the post- .
etch residue from deep submicron vias and trenches and, at

the same time, provide a more robust diffusion barrier.

U.S. Patent 5,824,234 to Jou et al teachés a
method of removing a fluo?ocarbon polymer from a via. U.S.
Patent'5,970,373 to Allen shows a method of iemoving a
polymer within an opening. U.S. Patent 5,985,762 to Geffken
et al describes a barrief layer on the sidewalls of a via.
The barrier layer may comprise silicon nitride or a metal.or

métal nitride.

SUMMARY OF THE INVENTION

A principal object of the present invention is
.to provide an effective and very manufacturable method of
metallization without requiring post-etch cleaning in the

fabrication of integrated circuit devices.

Another object of the invention is to provide
a dual damascene copper meta1lization process without post-
etch cieaniné'in'the fabrication of an integrated circuit

device.



Yet another object of the invention is to
p;oVide a dual damascene copper metallization process without
post-etch cleaning wherein etch residue is converted to an

inert layer.

A further objgct of the invention is to
provide a dual damascene copper metallization process without .
- post-etch cleaning wherein etch residue is exposed to a

fluorinating agent and converted to an inert layer.

In accordance with the objeqts of this
invention a hew method to avoid post-etch cleaning in
a metallization process is achieved. 'An insulating layer is
formed 6ver a first metal line in a dielectric layer
overlying a semiconductor substrate. A via opening is etched
fhrough.the insulatihg layér to the first metal line whereby
- a polymer forms on sidewalls of the via opening. The polymer
is treated with a fluorinating agent whereby the polymer is
converted to an inert layer. Thereafter, a second metal line
is formed within the via opening wherein the inert layer acts
as a barrier layer to complete the metallization process in

the fahrication.of an integrated circuit- device.



BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:

Figs. 1 through 6 schematically illustrate in
cross-sectional repfesentatioh a process of the present

invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a metalliiation
method where post-etch cleaning'is_avoided.. The etch residue
is exposed td a fluorinating agent and thereby converted to
an inert layer which caﬁ'remain within the wvia opening. . The
process of the present invention is illustrated in the
following Figs. 1 through 6 using a dual damascene copper
metallization process. It will be understood by thoseﬂ
skilled in the art that the process of the present iﬁveﬁtion
should not be limited to the application illustrated in the
figures, but may be applied and extended in any applidgtion

in which a post-etch polymer is generated.

Referring now more particularly to Fig. 1,

there is illustrated a portion of a partially completed



integraﬁed circuit device. There is shown a semiconductor
shﬁstrate 10, preferably cpmposed of monocrystalline silicon.
An intermetal dielectric (IMD) or interlevel dielectric (ILD)
layer 18 is deposited on the substrate wafer. Semiconductor
devices structures, such as gate electrodes, source and drain
regions, or metal interconnects, ndt shown, may;be formed in
and on the semiconductor substrate and covered by the IMD or

ILD layer 18.

For example, a tungsten plug 22 and overlyihg
copper line 24 may be formed in openings through a second ILD
layer 20, as shown. A passivation 1ayer 26, typically

- silicon nitride, is formed over the copper line 24.

Further dielectric layers 28 and 32, optional
etch stop layer 30, and optional cap layer 34 are formed as

is conventional in the art.

Referring ndw to Fig. 2, a dual damascene
opening 35 is patterned into the dielectric layers 28 and 32.
The patterning may be done by any conventional method,
including via first, trench first, or embedded via. The

etching stops at the passivation layer 26.



A post-etch polymer 39 forms on the sidewalls
of the opening 35. The post-etch polymer contains mainly
carbon, fluorine, oxygen,.and siliéon. The polymer
composition deﬁends upon the etch chemistry and the
dielectric materials. The etch chemistry usually contributes
carbon, fluorine, and oxygen. Silicon oxide dielectric
.materials provide silicon and oxygen. Other low'dielectric
constant dielectric méterials will provide other polymer
- components, depending upon the composition of these

materials.

In the prior art, a post-etch cleaning step
would now be émployed to remove the post-etch polymer 39 from
the via opening. However, as noted above, this removal is
difficult especiélly in deep submicron vias and trenches.
The-process of the present invention éliminates the necessity

of removing this post-etch polymer.

- As illustrated in Fig. 3, the polymer is
treated with a fluorinating agent 42. The fluorinating agent
can be, hut.is not limited to, Fz; Other possible
fluorinating agents are fluorinated alkanes such as CHF =,
CH#F:, CHFa, CF4, etc., fluorinated alkenes such as'CHzCHF,
Cz2Fa, etc., and other fluorinated orgahic compounds. The

fluorinating agent reacts with-the polymer and by-products to



form a "Teflon-like“ polymeric 44, shown in Fig. 4.

The process donditions for the treatment.cén
be similar to a conventional plasma enhanced chemical vapor
deposition (PECVD) process. The reagent for the PECVD
process can be fluorine alone, or a mixture of fluorinated
carbons, fluorine, and unsaturated hydrocarbons. Examples of
qnsaturated hydrocarbons include acetylene, alkene,

fluoroalkene, and fluoroacetylene.

. The "teflon-like" polymeric 44 is an inert
layer. It provides a thin, useful copﬁer-barrier'with low
dielectric constant. Using the process of the present
invention, post-etch cleaning has been eliminated. At the
same time, barrier metal thickness can be minimized.
Increasing the treatment time increases thelthickness of the
inert layer 44. If the inert layer 44 is thick enough, it

can totally replace the barrier metal layer.

Now, referring to Fig. 5, the passivation
layer 26 is etched through to expose the underlying copper
line. During the etching of the passivation layer 26,
part of the inett layer 44'at'the bottom of the trench
will be removed. Thus, the etch stop layer 30 can be

used as part of the buffer/barrier'layer for the



integratéd structure.

Now, a copper layer 48 is formed within the
opening by any of the conventional means,iincludihg physical
or chemical vapor depositioh; electrochemical plating (ECP),
or electfoless plating, and so on. The excess copper layer
is polished off by chemical mechanical polishing (CMP), for

example.

Processing continues as conventional in the
art with further levels of metallization, if required.

Passivation layer 50 completes the integrated circuit device.

The process of the present invention provides
a method for converting the post-etch polymer into a useful
thin layer which is left on the sidewalls of the via and
trench openingé. The present invention allows the |
elimination of post-etch cleaning, minimization or
elimination of the barrier metal layei, and reduction of

effective dielectric constant value.

While the invention has been particularly
shown and described with reference to the preferred
embodiments thereof, it will be understood by those skilled

" in the art that various changes in form and details may be



made without departing from the spirit and scope of the

. invention.

What is claimed is:



1. A method of metallization in the fabrication of an
integrated circuit device comprising:

forming an insulating layer over a first metal line
in a dielectriq_layer overlying a semiéonductor
substrate;

eﬁching a via opening through said insulating
layer to said first metal line whereby a polymer
forms on sidewalls of said via openiﬁg;

treating said polymer with a fiuorinating agent
whereby7said polymer is converted to an inert layer; and

thereafterlforming a second metal line within said
via opening wherein said inert layer acts as.a barrier
. layer-to'complete said metallization in the fabrication

of said integrated circuit device.

2. The method according to Claim 1 wherein said first

metal line comprises copper.

3. The method according to Claim 1 wherein said
insulating layer comprises multiple layers of dielectric

materials.

4, The method according to Claim 1 wherein said via

opening is a dual démascene opening.

* [ L L S * .

10



5. The method according to Claim 1 wherein éaid polymer

comprises carbon, fluorine, oxygen, and silicon.

6. The method according to Claim 1 wherein said step of

treating said polymer'comprises a plasma enhanced

| chemical vapor deposition prdcess.

7. The method according to Claim 1 wherein said
fluorinating agent comprises one of the group containing

Fa2, fluorocarbons, fluorinated alkanes, and fluorinated

alkenes.

8. The method according to Claim 1 wherein said inert

layer comprises a_"teflon—like“ polymeric.

9. The method according to Claim 1 wherein said second

metal line comprises copper.

10. A method of dual damascene copper metallization in
the fabrication of an integrated circuit device
comprising:

forming a passivation layer over a first copper
line in ; dielectric layer'overiying a semiconductor
substrate;

depositing a dielectric. layer overlying said

. I



passivation layer;

etching a dual damascene opening through said
.dielectfic layer to_said first copper line wherein said
passivation layer remains over said first copper line
and whereby a polymer forms on sidewalls of said dual
damascene opening;

treatiné said polymer with a fluorihating agept
whereby said polymer is converted to an inert layer;

thereafter etching'through'said passivation layer
to said first copper line; and .

filling said dual damascene openiﬂg with copper
wherein said inerf layer acts_ag a-barrier layer to
prevent  copper diﬁfusion to complete said metallization

in the fabrication of'said integrated circuit device.

11. The method according to Claim 10 wherein said
dielectric layer comprises multiple layers of dielectric

materials.

12. The method according to Claim 10 wherein said

polymer comprises carbon, fluorine, oxygen, and silicon.

13.'Théjmethod accbrding to Claim 10 wherein said step
of treating said polymer comprises a plasma enhanced

chemical vapor deposition process;
—
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-14. The methdd according to Claim 10 wherein said
fluorinating agenf comprises one of the group containing
F2, fluorocarbons, fluorinated alkanes, and fluorinated .

alkenes.

15. The method according to Claim 10 wherein said inert

layer comprises a "teflon-like" polymeric.

16. A ﬁethod of. dual damascehe copper metallizatibn in
~ the fabrication of an integrated circuit deﬁice
comprising:

forming a péssivation layer over a first copper
line in a dielectric layer overlying a semiconductér
substrate; .

depositing a dielectric layer overlying said
passivation layer;

etching a dual damaséene-opening through said

dielectric layer to said first copper line wherein said

passivation layer remains over said first copper line
and whereby a polymer forms on sidewalls of séid dual
‘damascene opening; |

treating said polymer with a fluorinating agent
whereby said polymer is converted to a "teflon-like"
polymeric layer;

thereafter etching through said passivation layer
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to said first copper line; and

filling said dual damascene opening with copper
wherein said "teflon-like" polymeric layér acts as'a
barrier layer to prevent copper diffusion to complete
said metallization in the fabrication of said integrated

circuit device.

. 17. The method acco:ding to Claim 16 wherein said
dielectric layer comprises multiple layers of dielectric

materials.

18. The method according to Claim 16 wherein said

polymer comprises carbon, fluorine, oxygen, and silicon.

19. The method according to Claim 16 wherein said step
of treating said polymer comprises a plasma enhanced

.chemical vapor deposition process.

20. The method according to Claim 16 wherein said
fluorinating agent comprises one of the group containing
Fa, fluorocarbons, fluorinated aikanes, and fluorinated

alkeneq.
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