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PROTECTING METAL CONDUCTORS WITH
SACRIFICIAL ORGANIC MONOLAYERS

FIELD

This invention relates to the field of fabricating intercon-
nect structures, and in particular, to protecting metal con-
ductors during sealing or treating of dielectric materials in a
damascene process.

BACKGROUND

Modern integrated circuits generally contain several lay-
ers of interconnect structures fabricated above a substrate.
The substrate may have active devices and/or conductors
that are connected by the interconnect structure.

Interconnect structures, typically comprising trenches and
vias, are usually fabricated in, or on, an interlayer dielectric
(ILD). It is generally accepted that, the dielectric material in
each ILD should have a low dielectric constant (k) to obtain
low capacitance between conductors. Decreasing this
capacitance between conductors, by using a low dielectric
constant (k), results in several advantages. For instance, it
provides reduced RC delay, reduced power dissipation, and
reduced cross-talk between the metal lines.

To obtain the desired low dielectric constant, porosity is
often introduced into the dielectric material. When vias and
trenches are etched in the porous dielectric material, pores
are often exposed on the surfaces of the dielectric. These
exposed pores typically increase problems that exist when
further processing is done on dielectric materials. For
example copper formed in the trenches and vias, without a
barrier, may diffuse into the dielectric material causing the
shorting of adjacent copper lines or line-to-line leakage.

Prior art interconnect structures employ a barrier layer
over the surface of the dielectric to protect from copper
diffusing into the dielectric material. Yet, any discontinuity
in the barrier film will result in the diffusion of copper atoms
or penetration of plating solution into the dielectric, which
may cause copper lines to short, leakage from line-to-line to
occur, and/or destruction of the dielectric material. A thicker
barrier layer, which may cover any discontinuities, takes up
additional volume in a via or a trench increasing the resis-
tance by reducing the volume available for copper and
adding a series resistance to an underlying copper connec-
tion.

Therefore, as seen in FIG. 1, related art requires sealing
dielectric 120 before a metal conductive layer such as a
barrier layer or a copper layer may be formed. As seen in
FIG. 1, when sealant layer 125 is formed, conductor 110 has
a portion that is exposed to the sealant treatment. Typically,
when a portion of conductor 110 is exposed to a sealant
treatment, undesirable increases in line resistances, forma-
tion of mobile copper ions that increase leakage currents,
and electromigration failures may occur.

Related art attempts to protect the copper from sealing by
either using mild pore sealing treatments that do not attack
the portion of exposed copper or attempting to seal the pores
when the copper is not exposed. However, mild pore sealing
treatments have been shown to be ineffective, and sealing
the pores when copper is not exposed would require etch
processing after the treatment, which could degrade the
seals.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example
and not intended to be limited by the figures of the accom-
panying drawings.
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FIG. 1 is a prior art cross-sectional elevation view of a
trench and via defined by an interlayer dielectric that is
disposed on an underlying layer containing a metal
conductor, after the interlayer dielectric has been sealed with
a sealant layer.

FIG. 2 is a cross-sectional elevation view of a dielectric
material disposed on an underlying layer that contains a
metal conductor.

FIG. 3 illustrates the structure of FIG. 2 after a via and a
trench have been etched into the dielectric, exposing a
portion of the metal conductor in the underlying layer.

FIG. 4a illustrates the structure of FIG. 3 after a process-
ing step to form an organic monolayer on the portion of
exposed metal conductor.

FIG. 4b illustrates an enlarged portion of FIG. 4a.

FIG. 5a illustrates the structure of FIG. 4a after sealing
the dielectric material.

FIG. 5b illustrates an enlarged portion of FIG. 5a.

FIG. 6a illustrates the structure of FIG. Sa after the
organic monolayer has been removed.

FIG. 6b illustrates an enlarged portion of FIG. 6a.

FIG. 7 illustrates the structure of FIG. 6a after a barrier
layers has been deposited.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth such as examples of specific long chain molecules,
sealing methods, and oxidants in order to provide a thorough
understanding of the present invention. It will be apparent,
however, to one skilled in the art that these specific details
need not be employed to practice the present invention. In
other instances, well known components or methods have
not been described in detail in order to avoid unnecessarily
obscuring the present invention.

Referring first to FIG. 2, an underlying layer 205 is
illustrated, which often is comprised of several active
devices and/or a layer with conductors exposed. Underlying
layer 205 may be a semiconductor wafer including device
regions, other structures such as gates, local interconnects,
metal layers, or other active/passive device structures or
layers. In FIG. 2, underlying layer 205 has underlying
conductor 210. Underlying conductor 210 may be copper or
copper alloy, as well as some other conductive material such
as gold.

FIG. 2 further illustrates an interlayer dielectric (ILD)
220, which is disposed on underlying layer 205. As an
illustrative example, FIG. 2 depicts ILD 220 disposed on
etch stop 215. Etch stop 215 may be comprised of silicon
nitride (Si3N4), silicon carbide (SiC), or other etch resistant
material. It is readily apparent that etch stop 215 may not be
used, as well as replace by other structures, such as cladding.

ILD 220 may be formed from any one of a plurality of
known dielectric materials. ILD 220 may be a porous,
nano-porous, or non-porous dielectric material. As an illus-
trative example ILD 220 may be an oxide/spin-on glass.
Some examples of oxide dielectrics include: LKD-5109,
which may be obtained from JSR; Nanoglass-E, which may
be obtained from Honeywell; and Zirkon, which may be
obtained from Shipley. As another illustrative example, ILD
220 may be a polymer. Some examples of polymer dielec-
trics are porous silk, which may be obtained from Dow
Chemical and GX-3P, which may be obtained from Honey-
well.

Turning to FIG. 3, via 325 and trench 320 are etched into
ILD 220 and through etch stop 215, exposing a portion of









