WO 02/03457 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

10 January 2002 (10.01.2002) PCT WO 02/03457 A2
(51) International Patent Classification’: HO1L 21/768 Neulussheimer Strasse 46, 01465 Dresden (DE). HOL-
LOWAY, Karen, Lynne; 26 Horseshoe Drive, Poughkeep-
(21) International Application Number: PCT/US01/21161 sie, NY 12603 (US).

(22) International Filing Date: 2 July 2001 (02.07.2001)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

09/608,540 30 June 2000 (30.06.2000) US

(71) Applicants: INFINEON TECHNOLOGIES NORTH
AMERICA CORP. [US/US]; 1730 North First Street,
San Jose, CA 95112-4508 (US). INTERNATIONAL
BUSINESS MACHINES CORPORATION [US/US];
New Orchard Road, Armonk, NY 10504 (US).

(72) Inventors: BRASE, Gabriela; 11 Chemin de la Poste,
F-91630 Marolles-en-h (FR). SCHROEDER, Uwe, Paul,

(74) Agents: BRADEN, Stanton, C. et al.; Siemens Corpora-
tion - Intellectual Property Dept., 186 Wood Avenue South,
Iselin, NJ 08830 (US).

(81) Designated States (national): JP, KR.

(84) Designated States (regional): European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE, TR).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: VIA FIRST DUAL DAMASCENE PROCESS OFR COPPER METALLIZATION

40a

40b

42

40¢

100

\

13

12b

(57) Abstract: An interconnection pattern is formed over the surface of a silicon wafer in which both the vias and the trenches of
the pattern are filled with copper. The process of filling the vias and trenches involves use of a silicon nitride film as an etch stop

and the filling of the vias with an anti-reflection coating.



WO 02/03457 PCT/US01/21161

VIA FIRST DUAL DAMASCENE PROCESS FOR COPPER METALLIZATION

Field of the Invention

This invention relates to integrated circuit devices using copper for interconnecting
discrete circuit components as part of the back-end-of-the-line processing of semiconductive
silicon wafers, and particularly, to modifications in wafer processing needed to protect the
copper during chemical etching when the via is etched before the trench in a dual
Damascene process.

Background of the Invention

The demand for faster integrated circuits is driving the technologists to make the
solid state components on a chip smaller and to increase the packing density. As a result of
this demand, the interconnect metallurgy is shifting from aluminum-based metals to copper,
which has a lower resistivity. The higher conductivity and lower cost of copper makes it very
desirable for interconnecting the circuit components. Also, copper has a better resistance to
electromigration failures than Al or Al-Cu and therefore, better reliability.

Although copper has very favorable electrical properties, it is prone to oxidation and
corrosion when it comes in contact with some commonly-used processing chemicals.
Therefore, it is critical that the processes used in conjunction with copper metallization be
free from these environments when the copper is exposed, that is, not covered, during
processing. Al and Al-Cu back-end-of-the-line metallizations are not prone to corrosion
because of the protective oxide covering the metal surfaces in these materials.

Copper is a very viable material as the back-end-of-the-line metal when the single or
dual Damascene processes are used. The Damascene process makes use of a series of
trenches formed in an insulating layer. After the trenches are overfilled with copper, a
chemical mechanical polishing process (CMP) is used to remove the overfill. Trenches are
to be distinguished from vias. Trenches are extended grooves, typically extending parallel
to the top surface of the silicon chip, that are patterned to interconnect circuits on the same
level of the back-end-of-the-line process whereas vias are holes, typically extending normal

to the surface, that are patterned to connect the metal lines from layer to layer.
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Present technology uses a 'trench first' approach. Initially, the 'via first' approach was
compromised because of the need for multiple layers of a relatively thick silicon nitride film.
The silicon nitride, which protected the copper during processing had to, by necessity,
remain behind in many of the active areas. These silicon nitride layers, however, resulted in
a substantial increase in the dielectric properties of the stack and degraded the performance
of the circuit. If the silicon nitride films were made thinner, they would degrade during the
via etch. Also, the via etch could etch into the oxide that defines the trench. Even small
changes in the line definition can cause serious reliability problems when 0.25um ground
rules are in place.

Since copper is known to be very sensitive to its environment, photoresists, which
typically contain sulfur, and oxidizing chemicals should not be permitted to come in contact
with the copper surfaces during processing. In this invention silicon nitride is used both as a
protective layer for the copper and as an etch stop.

The 'trench first' approach however, also has its limitations. These limitations are
associated with the photolithographic processing of the wafer. The difficulties occur when
the trench configurations lead to differences in photoresist thicknesses. The thickness
variations are seen in either broad trenches (wide lines) or very dense trenches (closely
spaced narrow lines) as required, for example, by DRAMS and cause printing distortions of
the via images.

The present invention seeks to provide a protective layer of silicon nitride over the
copper while using a novel approach for assuring that the silicon nitride is not damaged
during the éimultaneous etching of the vias and trenches.

Summary of the Invention

This invention relates to the use of the preferred 'via first' approach for forming vias
(openings, holes) and trenches (grooves) in a passivating layer by using the double
Damascene process.

[n an exemplary embodiment, a contact metallurgy is deposited into a patterned

glass layer (e.g., boron phospho silicate glass (BPSG)] and the glass is planarized. A
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different insulating material, such as silicon oxide, is then deposited onto the glass layer and
patterned to form shallow via openings aligned with the contacts. The vias are filled with
copper and the surface is planarized with a chem-mech polish. A thin silicon nitride layer is
deposited onto the planarized insulator surface to act as a barrier layer/etch stop.

An SiO3 layer is deposited over the silicon nitride layer and patterned by a
conventional photolithographic technique to form therein via holes aligned with the earlier
vias.

In the present invention an unconventional use is advantageously made of an anti-
reflective coating material (ARC) which is spun onto the wafer. The coating of ARC fills the
vias and covers the rest of the surface with a thin ARC layer. With the ARC material in
place, photoresist is spun onto the wafer and patterned to form the trench configuration.
The SiOy layer, which contains the vias, is etched again to form the trenches. During the
trench etching the ARC material is also etched but at a rate different from the SiO5. As a
result of this differential etch rate, a plug of ARC material remains in the bottom of the vias
after the trench open process has been completed. This ARC plug protects the silicon
nitride from degrading which, in turn, protects the underlying copper because the etchant
never comes into contact with the copper.

To this end, one feature of the invention is the use of a silicon nitride film to protect
the copper during the etching of the insulating layers. In particular this silicon nitride layer
should be thin so that the increase in the dielectric properties of the stack is kept to a
minimum.

Another feature of the invention is on the use of an anti-reflective coating (ARC) to
protect the silicon nitride layer. Normally, in the fabrication of semiconductive chips,
photoresist materials are used as protective layers in addition to providing a
photolithographic medium for component definition of the silicon, insulators and metals.

A related feature of the invention involves the etching of the ARC layer so as to
insure that it is not entirely removed from the vias. After the etching of the vias and trenches

has been completed, the ARC coating is removed as part of the photoresist strip process.



WO 02/03457 PCT/US01/21161

Viewed from a first process aspect, the present invention is directed to a method for
forming over a semiconductive wafer, which contains therein and/or thereon devices having
conductive contact regions, an interconnection pattern that uses copper in at least some
vias and some trenches through insulating layers overlying a top surface of the
semiconductor wafer. The method comprises the steps of: forming a first insulating layer
over the device; forming vias from a top surface of the first insulating layer therethrough with
the vias being in communication with the contact regions of the device; filling the vias with a
conductor; forming a second insulating layer over the first insulating layer; forming vias
through the second insulating layer which are in communication with the conductor filled vias
in the first insulating layer; filling the vias through the second insulating layer with copper;
forming a third insulating layer over a top surface of the second insulating layer; forming a
fourth insulating layer over a top surface of the third insulating layer, the fourth insulating
layer having a different etch characteristic than the third insulating layer; patterning and
etching the fourth insulating layer to form vias therethrough which are separated from the
copper-filled vias through the second insulating layer by the third insulating layer but are
aligned with the vias through the second insulating layer; forming an anti-reflective layer
over a top surface of the fourth insulating layer and filling the vias therethrough with anti-
reflective material; patterning the anti-relective layer and material to define trenches in the
fourth insulating layer; removing the layer of anti-reflective layer and a portion of the fourth
insulating layer to form trenches in the fourth insulating layer which are in communication
with top portions of the vias through the fourth insulating layer, and removing the anti-
reflective material in the vias through the fourth insulating layer and a portion of the third
insulating layer between the vias of the second and fourth insulating layers; filling the
trenches and vias in the fourth insulating layer and portions of the third insulating layer
which were removed with copper.

Viewed from a second process aspect, the present invention is directed to a method
for forming over a semiconductive wafer an interconnection pattern that is in insulating

layers overlying the semiconductive wafer and that includes copper lines in trenches
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extending parallel to a top surface of the wafer and copper fill in vias that extend vertically
through insulating layers. The method comprises the steps of: forming over a top surface of
the semiconductive wafer a first insulating layer; forming trenches in a top surface of the first
insulating layer and forming vias, which are in communication with the trenches, from
bottoms of the trenches through the first insulating layer such that same are in
communication with the contact regions of the device; overfilling the vias and trenches of the
first insulating layer with contact metal and planarizing to leave a first planar surface over
the semiconductive wafer; forming over the metal-filled first insulating layer a second
insulating layer; forming vias and trenches in the second insulating layer and overfilling the
vias and trenches with copper; forming a second planar surface on the copper-filled second
insulating layer; forming a silicon nitride layer over the planarized surface; depositing a third
insulating layer over the silicon nitride layer, said third insulating layer having a different etch
rate than the silicon nitride layer; patterning the third insulating layer to form vias
therethrough which are aligned with the underlying copper, the silicon nitride film acting as
an etch stop; forming an anti-reflecting material layer over a top surface of the third
insulating layer which also fills the vias therethrough; depositing a layer of photoresist over
the anti-reflective layer and the vias filled with the anti-reflective material; patterning the
photoresist and etching exposed portions of the anti-reflective layer and anti-reflective
material in the vias and portions of the third insulating layer to form trenches in the third
insulating layer; removing the patterned photoresist, the anti-reflective material from the vias
and a portion of the silicon nitride layer between the second and third insulating layers to
result in each trench and the via there below in the third insulating layer being in
communication with one of the vias in the second insulating layer; and overfilling the vias
and trenches in the third insulating layer and the openings in the silicon nitride layer with
copper and planarizing the surface to leave second copper-filled vias and trenches in the
third insulating layer which extend through the openings in the silicon nitride layer and

contact copper in the vias in the second insulating layer.
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A better understanding of the invention together with a fuller appreciation of it
advantages will be gained from the following detailed description and claims in conjunction
with the accompanying drawings.

Brief Description of the Drawings

Each of the FIGS. 1-6 shows a portion of a semiconductive wafer at successive
stages of processing in accordance with an exemplary embodiment of the invention to
provide metal-filled vias and trenches as parts of the interconnection pattern of conductors
of the integrated circuit formed in the semiconductive wafer.

The drawings are not necessarily to scale.

Detailed Description

In this specification the back-end-of-the-line processing for a dual Damascene
process requires that both vias and trenches be etched into the silicon oxide or silica glass
insulating layers between different levels of the conductive interconnection pattern. For the
'via first' approach it is necessary that both the vias and trenches are in place before the
copper is deposited. It is advantageous to fill both during one deposition process to reduce
process complexity. Silicon nitride film that is in place to protect the first level of metal must
be removed subsequently so that there is a metal to metal contact between the first level
copper lines and the fifst vias.

As has been discussed above, it has been the usual practice to use a 'trench first'
approach. The use of the 'via first' approach offers a number of advantages as long as the
copper remains protected during the processing so that its conductivity is not compromised.

FIG. 1 shows a portion of a silicon wafer 100 over which there has been formed an
insulating (dielectric) layer 10, typically 6f boron phospho silicate glass (BPSG). Wafer 100
is shown with an insulated gate field effect transistor formed in and over a top surface 100a
thereof. The field effect transistor (device) comprises diffused regions 12a and 12c, the
drain and source regions, respectively, and a gate region 12b which is over a dielectric gate
layer 13 that lies on the top surface 100a of wafer 100 and is centered between the regions

12a and 12c. Typically the dielectric layer 13 and gate region 12b are first formed with the
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region 12b serving as a mask which allows for the regions 12a and 12¢ to be self aligned to
the gate region 12b. Conventional photoprocessing is done to pattern layer 10 followed by
etch processes to form vias (openings) through layer 10 to expose the diffusion regions 12a
and 12c and the gate region 12b. Typically trenches are etched into a top surface 10a of
layer 10. The vias and trenches in the layer 10 are then overfilled with metal 16a, 16b, and
16¢, typically tungsten (W), and chem-mech polished to achieve a planar surface 10a. An
insulating layer 18, typically of SiOo, is deposited over the planarized surface 10a.
Conventional photoresist and etching of the layer 18 provides vias and trenches which are
overfilled with copper 22a, 22b, and 22¢ to provide metal to metal contact with the tungsten
16a, 16b, and 16¢, respectively. The first Damascene process is completed with a top
surface 18a of layer 18 being planarized with a chem-mech polish.

FIG. 2 shows the wafer 100 after an insulating layer 24, typically 50nm PECVD of
silicon nitride, has been deposited onto surface 18a to act as an etch barrier/cap layer, and
an insulating layer 26, typically SiOy, has been deposited over a top surface 24a of the
silicon nitride layer 24. Photoresist (not shown) is then spun onto the layer 26. After the
photoresist is patterned, the layer 26 is reactively ion etched to open vias 28a, 28b, and 28c.
A post etch treatment, which is used to remove the photoresist and exposed portions of
layer 26, stops on the silicon nitride barrier layer 24. This process provides a high degree of
selectivity which gives a sharp end point with no reactive ion etch (RIE) lag and allows the
vias 28a, 28b, and 28c to be fully opened.

FIG. 3 shows the wafer 100 after a relatively thin anti-reflexive coating 30 has been
spun onto the wafer 100 to cover the surfaces and to fill the vias 28a, 28b, and 28c in layer
26. It is important to insure that the vias 28a, 28b, and 28¢ are filled so that no voids are
present. In practice, cross sections of a processed wafer show that the ARC material fills
the trenches 28a, 28b, and 28c to about three fourths of its height.

For example, tﬁe ARC material, grade 1100A, is baked (first at 95 °C and then at
180 ©C) and non-selectively RIE'd from the surface of the SiOy 26 with C4Fg + O5 for 40
seconds. A layer of photoresist 32, typically DUV30 MCSIII/JSR 130/6250, is then spun
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onto the wafer 100 and patterned to result in openings 31a, 31b, and 31¢ which expose
portions of layer 30. Opening 31a, which is wider than via 28a, is located over and in
communication with via 28a. Opening 31b, which is wider than via 28b, is located over and
in communication with via 28b. Opening 31c¢, which is wider than via 28c, is located over
and in communication with via 28c.

A low selective reactive ion etch, with a typical duration of 40 seconds, uses a
combination of C4Fg, Ar, and O, is used to etch the exposed portions of ARC layer 30 to
expose portions of layer 26 which are then also etched. This results in the formation of
trenches 36a, 36b, and 36¢ which are in communication with vias 28a, 28b, and 28c,
respectively. FIG. 4 shows that ARC plugs 30a, 30b, and 30c remaining in the bottom of the
vias 28a, 28b, and 28c, respectively, after this etch. This is because the ARC material is
removed at a slower rate than the SiOy of layer 26. This prevents the SiO5 etching ambient
from touching the silicon nitride layer 24. FIG. 4 also shows that oxide layer 26 has been
etched to integrate the trenches 36a, 36b, and 36¢ with the vias 28a, 28b, and 28c,
respectively.

The etching of the oxide layer 26, when the ARC material 30 is in the vias, is
achieved without the formation of 'fences' by tailoring the etch process to be compatible with
the etching of both the SiO5 and the ARC material instead of just the SiO9. Fences are
formed when the etchant removes material from the via at different rates depending on the
material location. For example, it is possible to find a different etch rate for the ARC
material in the center of the via when compared with the ARC material at the ARC/oxide
interface.

A post etch treatment for 20-40 seconds removes the remaining ARC material 30a,
30b, and 30c from the vias 28a, 28b, and 28b, respectively. The silicon nitride layer 24 is
then selectively etched away using CHF3 + O for about 35 seconds. It is to be noted that
all of the trenches, although wider than the vias in which they are in communication, do not

have to extend over more than one side of a via.
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After the normal cleaning steps have been completed the structure of FIG. 4 is ready
for metal fill with copper.

FIG. 5 shows the wafer 100 after the via/trench openings 28a/36a, 28b/36b have
been overfilled with electroplated copper 40.

FIG. 6 shows the wafer 100. after a resulting top surface 42 has been planarized
using a chem-mech polish to remove the excess copper leaving conductors 40a, 40b, and
40c. FIG. 6 also illustrates the result of the completed dual Damascene process for this
level of metallization.

It is to be understood that the specific embodiment described is merely illustrative of
the general principles of the invention and various other embodiments may be devised ,
without departing from the basic teaching by a worker in the art. For example, the insulating
layers can be other than silicon dioxide and the metal contacting the device of the
semiconductive body could be aluminum. Further, in some applications some or all of the
trenches need not be used with the vias extending completely through an insulating layer.
Furthermore, the novel process of the present invention can be implemented starting at the
trench portions of the first level of conductors with the metal 16a, 16b, and 16¢ being

tungsten in the vias and being cooper in the trenches.
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What is claimed is:

1. A method for forming over a semiconductive wafer, which contains therein
and/or thereon devices having conductive contact regions, an interconnection pattern that
uses copper in at least some vias and some trenches through insulating layers overlying a
top surface of the semiconductor wafer, the method comprising the steps of:

forming a first insulating layer over the device;

forming vias from a top surface of the first insulating layer therethrough with
the vias being in communication with the contact regions of the device;

filling the vias with a conductor;

forming a second insulating layer over the first insulating layer;

forming vias through the second insulating layer which are in communication
with the conductor filled vias in the first insulating layer;

filling the vias through the second insulating layer with copper;

forming a third insulating layer over a top surface of the second insulating
layer;

forming a fourth insulating layer over a top surface of the third insulating
layer, the fourth insulating layer having a different etch characteristic than the third insulating
layer;

patterning and etching the fourth insulating layer to form vias therethrough
which are separated from the copper-filled vias through the second insulating layer by the
third insulating layer but are aligned with the vias through the second insulating layer:

forming an anti-reflective layer over a top surface of the fourth insulating layer
and filling the vias therethrough with anti-reflective material;

patterning the anti-relective layer and material to define trenches in the fourth
insulating layer;

removing the layer of anti-reflective layer and a portion of the fourth insulating
layer to form trenches in the fourth insulating layer which are in communication with top

portions of the vias through the fourth insulating layer, and removing the anti-reflective
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material in the vias through the fourth insulating layer and a portion of the third insulating
layer between the vias of the second and fourth insulating layers;

filling the trenches and vias in the fourth insulating layer and portions of the
third insulating layer which were removed with copper.

2. The process of claim 1 in which the vias and trenches of the fourth insulating
layer are overfilled with copper and chemical mechanical polishing is used to planarize the
resulting structure.

3. The method of claim 1 wherein the first insulating layer is BPSG, the second

and fourth insulating layers are silicon oxide, and the third insulating layer is silicon nitride.

4. The method of claim 1 wherein the conductor is tungsten.
5. The method of claim 1 wherein the conductor is aluminum.
. 6. The method of claim 1 further comprising the steps of:

forming trenches a top surfaces of the first insulating layer which are each in
communication with a separate via through the first insulating layer and which are each filled
with the conductor;
over filliﬁg the vias and trenches of the first insulating layer with the conductor
and planarizing same using chemical mechanical polishing;
forming trenches in a top surface of the second insulating layer which are
each in communication with a separate via of the second insulating layer and which are
each filled with copper; and
over filling the vias and trenches of the second insulating layer with copper
and planarizing same using chemical mechanical polishing.
7. The method of claim 7 wherein the anti-reflective layer and the anti-reflective
material have a different etch rate than the third insulating layer.
8. The method of claim 12 wherein the anti-reflective layer and the anti-
reflective material are both DUV30.
9. The method of claim 7 in which the silicon nitride layer is deposited by

PECVD.
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10. A method for forming over a semiconductive wafer an interconnection pattern
that is in insulating layers overlying the semiconductive wafer and that includes copper lines
in trenches extending parallel to a top surface of the wafer and copper fill in vias that extend
vertically through insulating layers, said method comprising the steps of:

forming over a top surface of the semiconductive wafer a first insulating layer;

forming trenches in a top surface of the first insulating layer and forming vias,
which are in communication with the trenches, from bottoms of the trenches through the first
insulating layer such that same are in communication with the contact regions of the device;

overfilling the vias and trenches of the first insulating layer with contact metal
and planarizing to leave a first planar surface over the semiconductive wafer;

forming over the metal-filled first insulating layer a second insulating layer;

forming vias and trenches in the second insulating layer and overfilling the
vias and trenches with copper;

forming a second planar surface on the copper-filled second insulating layer;

forming a silicon nitride layer over the planarized surface;

depositing a third insulating layer over the silicon nitride layer, said third
insulating layer having a different etch rate than the silicon nitride layer;

patterning the third insulating layer to form vias therethrough which are
aligned with the underlying copper, the silicon nitride film acting as an etch stop;

forming an anti-reflecting material layer over a top surface of the third
insulating layer which also fills the vias therethrough;

depositing a layer of photoresist over the anti-reflective layer and the vias
filled with the anti-reflective material;

patterning the photoresist and etching exposed portions of the anti-reflective
layer and anti-reflective material in the vias and portions of the third insulating layer to form
trenches in the third insulating layer;

removing the patterned photoresist, the anti-reflective material from the vias

and a portion of the silicon nitride layer between the second and third insulating layers to
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result in each trench and the via there below in the third insulating layer being in
communication with one of the vias in the second insulating layer; and
overfilling the vias and trenches in the third insulating layer and the openings

in the silicon nitride layer with copper and planarizing the surface to leave second copper-
filled vias and trenches in the third insulating layer which extend through the openings in the
silicon nitride layer and contact copper in the vias in the second insulating layer.

11. The process of claim 10 in which the first insulating layer is BPSG, and the
second and third insulating layers are of silicon oxide.

12. The process of claim 10 in which chemical mechanical polishing is used to
planarize surfaces of the insulating layers after same are overfilled with metal.

13. The method of claim 10 wherein the contact metal is tungsten.

14.  The method of claim 10 wherein the contact metal is aluminum.

15. The method of claim 10 wherein the anti-reflective layer and the anti-
reflective material have a different etch rate than the third insulating layer.

16. The method of claim 15 wherein the anti-reflective layer and the anti-
reflective material are both DUV30.

17. The method of claim 10 in which the silicon nitride layer is deposited by

PECVD.
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