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A METHOD TO REDUCE MICROLOADING IN METAL ETCHING

BACKGROUND OF THE INVENTION

(15 Field of the Invention

The invention relates to a method of etching
metal lines, and more particularly, to a method of etching
metal lines with reduced microloading in the manufacture of

integrated circuits.

{2) Description of the Prior Art

In the formation of metal lines, a barrier
metal layer is deposited over an oxide layer followed by a
metal layer, such as aluminum. The aluminum layer is etched
where it is not covered by & mask. Next, the barrier layer
is etched, and finally an oxide etch or overetch is
performed. In the current practice, the problem of
microloading is severe. That is, narrow spaces are etched to
a smaller depth than are wider spaces. In deep sub-micron
technology; where the design rule shrinks the line spacing,
the microloa&ing effect is further aggravated. Microloading
can cause problems including severe resist loss, pocor wafer
planarization, and, in extreme cases, metal shorts at narrow

gap regions. .
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Workers in the art have sought to aveid or
reduce the problems of microloading. U.S. Patent 5,582,679
ta Lianjun et al teaches higher temperature etching to reduce
microloading effects and teaches the use of Nz to form a
protective polymer during etching. U.S. Patent 5,556,501 to
Collins et al teaches a method of etching with selectivity.
U.S. Patent 5,545,289 to Chen et al teaches removing etchant
byproducts using a multi-step passivation and stripping

process.

SUMMARY OF THE INVENTION

A principal object of the present invention is
to provide an effective and very manufacturable method of

etching metal lines.

Another object cof the present invention is to
provide a method of etching metal lines with reduced

microloading effect.

A further object of the present invention is
to provide a method of etching metal lines with reduced

microloading effect by introducing a selective etch step.



In accordance with the objects of this
invention a new method of etching metal lines with
reduced microloading effect is achieved. Semiconductor
device structures are provided in and on 2 semiconductor
substrate. The semiconductor device structures are covered
"with an insulating layer. A barrier metal layer is
deposited overlying the insulating layer and & metal layer
is deposited overlying the barrier metal layer. The metal
layer is covered with a layer of photoresist. The
photoresist layer is exposed to actinic light and developed
and patterned to form the desired photoresist mask wherein
there are both wide spaces and narrow spaces between portions
of the photoresist mask. The metal layer is etched away
where it is not covered by the photoresist mask wherein the
barrier metal layer is reached within the wide spaces while
some of the metal layer remains within the narrow spaces.
The metal layer remaining within the narrow spaces is
selectively etched away. Thereafter, the barrier metal layer
not covered by the photoresist mask is etched away wherein
the insulating layer is reached within the wide spaces while
some of the barrier metal layer remains within the narrow
spaces. The barrier metal layer remaining within the narrow
spaces is selectively etched away. Thereafter, the
insulating layer not covered by the photoresist mask is

overetched to complete the metal lines without microleoading
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to in the fabrication of an integrated circuit.

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 representation a preferred embodiment of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more particularly to Fig. 1,
there is illustrated a portion of a partially completed
integrated circuit. Semiconductor substrate 10 is preferably
composed of monocrystalline silicon. Field oxide regions 12
have been formed as is conventional in the art in the
semiconductor substrate 10. Semiconductor device structures,
including gate electrode 14 and source and drain regions 16,
are fabricated in and on the semiconductor substrate. A
thick insulating layer 18 of silicon dioxide or a composite
of silicon dioxide and spin-on-glass, or the like, is blanket

deposited over the semiconductor device structures.



Next, a barrier layer 22 is deposited over the
insulating layer. This may be titanium, titanium nitride,
titanium tungsten, or the like, or a combination of more than
one material such as titanium nitride overlying titanium,
with a thickness of between about 100 and 2500 Angstroms.

For example, a barrier metal layer of titanium may preferably
have a thickness of 100 toc 1000 Angstroms, a layer of
titanium nitride may have a thickness of 200 to 1200
Angstroms, a layer of titanium tungsten may have a thickness
of 200 to 1000 Angstroms, and a combination layer may have a

thickness of 300 to 2500 Angstroms.

The metal layer 24 is deposited over the
barrier layer 22. The metal layer comprises aluminum or an
alloy such as aluminum-copper or aluminum-copper-silicon and
is deposited by sputtering or chemical vapor deposition (CVD)
to a thickness of between about 3500 and 10,000 Angstroms.
An antireflective coating (ARRC) layer 26 of titanium nitride

may be deposited overlying the metal layer.

A layer of photoresist is coated over the ARC
layer 26 and is exposed and developed to form the photoresist
mask 30. There are both narrow spaces 32 and wide spaces 33
to be etched. The narrow spaces are less than about 0.6

microns in width.



Referring now to Fig. 2, the antireflective
coating layer 26 and the metal layer 24 is etched away where
it is not covered by the mask 30 until the end point of the
etch is reached; that is, the barrier layer 22. It can be
seen that the metal etch end point is réﬁched in the wide
spaces 33 while in the narrow ;paces 32, some of the metal

layer still remains. This is the microloading effect.

If the unetched metal remains within the
narrow spaces, it will block the barrier metal etch there
causing more microloading. Eventually, this metal remaining

may cause shorting in small geometries.

The key feature of the present invention will
now be described. A selective etch step is introduced after
the metal etching is complete to etch the metal layver 24
selective to the barrier metal layer 22. In this way, all
the metal in the narrow spaces 32 is etched away without
etching of the barrier metal layer, as illustrated in Fig. 3.
The etching recipe must be modified in order to achieve the
desired seléctivity for etching the metal while not stching
the barrier metal layer. The recipe contents depend upon the
chamber configuration which is different for different
machines. Since this selective etch is used only to etch

away the small amount of metal remaining in the narrow



spaces, the selective etch need not be selective to
photoresist nor have a fast etch rate or good etching

profile.

Fig. 4 illustrates a close-up view of the
narrow spaces 32. After the selective etch is performed to
remove the remaining metal layer, a standard barrier layer
etch is performed. As before, the microloading effect causes
the narrow spaces to etch more slowly than the wider spaces.
The barrier layer is etched completely through in the wider
areas 33 while some of the barrier layer remains within the

narrow spaces 32.

Another selective etch is performed, selective
for the barrier layer with respect to the underlying
insulating layer. This selective etch removes the barrier
layer remaining within the narrow spaces 32, as shown in Fig.
5. As with the selective metal etch, this etch recipe must
be modified to be selective to the barrier layer with respect
to the insulating layer. If the barrier layer is a dual
layer, it is possible to separate and make the etch selective
to each layer, or to use a single etch step selective to both

barrier layers with respect to the insulating layer.



Finally, a standard oxide overetch is
performed to remove residual metal stringers, etc. Fig. 6

illustrates the completed metal lines of the present

invention.

The process of the present invention provides
an effective method for forming metal lines with reduced
microloading effect. A selective etch is added after the
metal etch and after the barrier metal etch to remove the
metal remaining due to the microloading effect. This results

in metal lines without poor planarization or shorting.

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.



CLAIMS
1. A method of forming metal lines without microloading

in the fabrication of an integrated circuit comprising:

providing semiconductor device structures in and on
a semiconductor substrate;

covering said semiconductor device structures with
an insulating layer;

depositing a barrier metal layer overlying said
insulating layer;

depositing a metal layer overlying said
barrier metal layer;

covering said metal layer with a layer of
photoresist;

exposing said photoresist layer to actinic light
and developing and patterning said photoresist layer to
form the desired photoresist mask wherein there are
both wide spaces and narrow spaces between portions of
said photoresist mask;

etching away said metal layer not covered by said
photoresist mask wherein said barrier metal layer is
reached within said wide spaces while some of said metal
layer remains within said narrow spaces;

selectively etching away said metal layer
remaining within said narrow spaces;

thereafter etching away said barrier metal layer

not covered by said photoresist mask wherein said
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insulating layer is reached within said wide spaces
while some of said barrier metal layer remains within
said narrow spaées;

selectively etching away said barrier metal layer
remaining within said narrow spaces; and

thereafter overetching said insulating layer not
covered by said photoresist mask to complete said metal
lines without microloading in said fabrication of saig

integrated circuit.

2. The method according to Claim 1 wherein said
semiconductor device structures include gate electrodes

and source and drain regionms.

3. The method according to Claim 1 wherein said barrier
metal layer comprises titanium with a thickness of

between about 100 and 1000 Angstroms.

4. The method according to Claim 1 wherein said barrier
metal layer comprises titanium nitride with a thickness

of between about 200 and 1200 Angstroms.

5. The method according to Claim 1 wherein said barrier
metal layer comprises titanium tungsten with a thickness

of between about 200 and 1000 Angstroms.
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6. The method according to Claim 1 wherein said barrier
metal layer comprises titanium and titanium nitride with
a combined thickness of between about 300 and 2500

Angstroms.

7. The method according to Claim 1 wherein said metal
layer comprises aluminum having a thickness of between

about 3500 and 10,000 Angstroms.

8. The method according to Claim 1 wherein said metal
layer comprises aluminum-copper having a thickness of

between about 3500 and 10,000 Angstroms.

9. The method according to Claim 1 further comprising
dépositing an antireflective coating layer overlying

said metal layer.

10. The method according to Claim 1 wherein said narrow

spaces are less than about 0.6 microns in width.

11. The method according to Claim 1 wherein said
selectively etching of said metal layer comprises

etching said metal layer remaining with an etch recipe

that is selective to said metal layer with respect to

said barrier metal layer.
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12. The method according to Claim 1 wherein said
selectively etching of said barrier metal layer
comprises etching said barrier metal layer remaining
with an etch recipe that is selective to said barrier

metal layer with respect to said insulating layer.

13. A method of forming metal lines without microloading
in the fabrication of an integratea circuit comprising:

providing semiconductor device structures in and on
a semiconductor substrate;

covering said semiconductor device structures with
an insulating layer;

depositing a barrier metal layer overlying said
insulating layer;

depositing a metal layer overlying said barrier
metal layer;

depositing an anti-reflective coating layer
overlying said metal layer.

covering said anti-reflective coating layer with a
layer of photoresist;

exposing said photoresist layer to actinic light
and developing and pattérning said photoresist layer to
form the desired photoresist mask wherein there are both
wide spaces and narrow spaces between portions of said

photoresist mask and wherein said narrow spaces are less
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than about 0.6 microns in width;

etching away said antireflective coating layer and
said metal layer not covered by said photoresist mask
wherein said barrier metal layer is reached within said
wide spaces while some of said metal layer remains
within said narrow spaces;

selectively etching away said metal layer remaining
within said narrow spaces;

thereafter etching away said barrier metal layer
not covered by said photoresist mask wherein said
insulating layer is reached within said wide spaces
while some of said barrier metal layer remains within
said narrow spaces;

selectively etching away said barrier metal layer
rémaining within said narrow spaces; and

thereafter overetching said insulating layer not
covered by said photoresist mask to form said metal
lines without microlocading to complete said fabrication

of said integrated circuit.

14. The method according to Claim 13 wherein said
semiconductor device structures include gate electrodes

and sogurce and drain regions.
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15. The method according to Claim 13 wherein said
barrier metal layer comprises one of the group
containing titanium, titanium nitride, titanium

tungsten, and titanium/titanium nitride.

16. The method according to Claim 13 wherein said
barrier metal layer has a thickness of between about 100

and 2500 Angstfoms.

17. The method according to Claim 13 wherein said metal
layer comprises aluminum having a thickness of between

about 3500 and 10,000 Angstroms.

18. The method according to Claim 13 wherein said
selectively etching of said metal layer comprises
etching said metal layer remaining with an etch recipe
that is selective to said metal layer with respect to

said barrier metal layer.

19. The method according to Claim 13 wherein said
selectively etching of said barrier metal layer
comprises etching said barrier metal layer remaining
with an etch recipe that is selective to said barrier

metal layer with respect to said insulating layer.
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20. A method of forming metal lines without microloading
- in the fabrication of an integrated circuit comprising:

providing semiconductor device structures in and on
a semiconductor substrate;

covering said semiconductor device structures with
an insulating layer; .

depositing a barrier metal layer overlying said
insulating layer;

depositing a metal layer overlying said barrier
metal layer;

depositing an anti-reflective coating layer
overlying said metal layer.

covering said anti-reflective coating layer with a
layer of photoresist;

exposing said photoresist layer to actinic light
and developing and patterning said photoresist layer to
form the desired photoresist mask wherein there are both
wide spaces and narrow spaces between portions of said
photoresist mask and wherein said narrow spaces are less
than about 0.6 microns in width;

etching away said antireflective coating layer and
said metal layer not covered by said photoresist mask
wherein said barrier metal layer is reached within said
wide spaces while some of said metal layer remains

within said narrow spaces;



- 16 - -

AR

selectively etching away said metal layer remaining
within said narrow spaces using an etch recipe that is
selective to said metal layer with respect to said
barrier metal layer;

thereafter etching away said barrier metal layer
not covered by said photoresist mask wherein said
insulating layer is reached within said wide spaces
while some of said barrier metal layer remains within
said narrow spaces;

selectively etching away said barrier metal layer
remaining within said narrow spaces using an etch recipe
that is selective to said barrier metal layer with
respect to said insulating layer; and

thereafter overetching said insulating layer not
covered by said photoresist mask to form said metal

lines without microloading to complete said fabrication

of said integrated circuit.



