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57 ABSTRACT

A method of silanizing the surface of a low-k interlayer
dielectric oxides (carbon doped oxides or organo-silicate
glasses) to improve surface adhesion to adjacent thin film
layers in damascene integration of microelectronic devices.
A low-k interlayer dielectric oxide may be exposed to the
vapor of a silane-coupling agent in order to modify its
surface energy to improve adhesion with adjacent thin film
layers. A low-k interlayer dielectric oxide can also be
silanized by dipping the low-k interlayer dielectric oxide in
a solution of silane-coupling agent. The silane-coupling
agent will cause covalent bonds between the low-k inter-
layer dielectric oxide and the adjacent thin film thereby
improving adhesion.

23 Claims, 16 Drawing Sheets
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ADHESION OF CARBON DOPED OXIDES
BY SILANIZATION

FIELD OF THE INVENTION

Embodiments of the invention relate to silanization. In
particular, embodiments of the invention relate to silaniza-
tion of carbon doped oxides in the manufacture of micro-
electronic devices.

BACKGROUND OF THE RELATED ART

Low-k interlayer dielectric materials are used as insulat-
ing layers between copper interconnect lines in microelec-
tronic devices. A class of these low-k interlayer dielectric
materials are called carbon doped oxides or organo-silicate
glasses. These low-k interlayer dielectric materials typically
have poor adhesion to a variety of thin films including but
not limited to SiN and SiC, which are often used as hard
mask, etch stops, and barrier seed layers. Low adhesion
between low-k interlayer dielectric materials and other thin
films used in semiconductor manufacturing make the low-k
interlayer dielectric materials difficult to integrate into a
semiconductor device. Poor adhesion may contribute to
delamination during chemical mechanical polishing,
repeated thermal cycling, or packaging. This delamination
can result in decreased performance or even catastrophic
failure of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention may be best understood by
referring to the following description and accompanying
drawings that are used to illustrate the embodiments of the
invention. In the drawings:

FIG. 1 shows an embodiment of the invention in the form
of a low-k interlayer dielectric oxide that has been silanized.

FIG. 2 shows an embodiment of the invention in the form
of a chemical structure of a surface of a low-k interlayer
dielectric oxide that has been silanized.

FIG. 3 shows an embodiment of the invention in the form
of a flowchart for silanization of a low-k interlayer dielectric
oxide by vapor.

FIG. 4 shows an embodiment of the invention in the form
of a flowchart for silanization of a low-k interlayer dielectric
oxide by a vapor from a solution that has been heated and/or
subjected to a vacuum.

FIG. 5 shows an embodiment of the invention in the form
of a flowchart for silanization of a low-k interlayer dielectric
oxide by dipping into a silane solution.

FIG. 6 shows an embodiment of the invention in the form
of a flowchart for the preparation of a silane solution.

FIG. 7 shows an embodiment of the invention in the form
of a flowchart of instructions provided by a machine-
readable medium.

FIG. 8A shows a low-k interlayer dielectric oxide.

FIG. 8B shows a low-k interlayer dielectric oxide that has
been etched.

FIG. 8C shows an embodiment of the invention in the
form of a low-k dielectric oxide that has been silanized prior
to barrier seed layer deposition.

FIG. 8D shows an embodiment of the invention in the
form of a low-k dielectric oxide with a silanized surface and
a deposited barrier seed layer.

FIG. 9A shows a low-k interlayer dielectric oxide.

FIG. 9B shows a low-k interlayer dielectric oxide that has
been etched.
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FIG. 9C shows a low-k interlayer dielectric oxide that has
been etched and had a copper interconnect deposited.

FIG. 9D shows an embodiment of the invention in the
form of a low-k interlayer dielectric oxide that has been
silanized after depositing a copper interconnect.

FIG. 9E shows an embodiment of the invention in the
form of a low-k interlayer dielectric oxide with a silanized
surface and a deposited etch stop layer.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth. However, it is understood that embodiments of the
invention may be practiced without these specific details. In
other instances, well-known details, such as particular mate-
rials or methods, have not been shown in detail in order not
to obscure the understanding of this description.

References to “one embodiment”, “an embodiment”,
“example embodiment”, “various embodiments”, etc., indi-
cate that the embodiment(s) of the invention so described
may include a particular feature, structure, or characteristic,
but not every embodiment necessarily includes the particular
feature, structure, or characteristic. Further, repeated use of
the phrase “in one embodiment” does not necessarily refer
to the same embodiment, although it may.

Referring to FIG. 1, an embodiment of the invention is
shown in the form of a low-k interlayer dielectric oxide that
has been silanized. In one embodiment of the invention, the
low-k interlayer dielectric oxide 101, such as but not limited
to a carbon doped oxide films and organo-silicate glasses,
may be formed over or on a substrate 100. In one embodi-
ment of the invention, the substrate 100 may include a
mono-crystalline silicon substrate having active devices
such as but not limited to transistors and capacitors formed
therein. Substrate 100 may also include dielectrics and
metalization used to interconnect the active devices formed
in the substrate together. In another embodiment of the
invention, the substrate 100 may include a silicon on insu-
lator (SOI) substrate, or other substrate used in semicon-
ductor manufacturing. The surface of the low-k interlayer
dielectric oxide 101 may be functionalized by silanization to
improve adhesion between the surface of the low-k inter-
layer dielectric oxide 101 and an overlying layer 105 such
as, but not limited to hard mask, etch stop, or barrier seed
layer. In one embodiment of the invention, overlying layers
105 may be coupled to the low-k interlayer dielectric oxide
101 by being coupled to the silanized surface 103 of the
low-k interlayer dielectric oxide 101. Other overlying layers
105 may also have improved adhesion with the surface of
the low-k interlayer dielectric oxide 101 after the surface of
the low-k interlayer dielectric oxide 101 has been function-
alized by silanization and therefore these other layers may
also be within the scope of the invention. Other low-k
interlayer dielectric oxides 101, such as but not limited to
porous and non-porous low-k interlayer dielectric oxides,
may also be within the scope of the invention.

Prior to silanization, the surface of the low-k interlayer
dielectric oxide 101 may have poor adhesion with overlying
layers 105 because of weak bonds between a porous carbon
doped oxidized surface of the low-k interlayer dielectric
oxide 101 and the overlying layers 105. Other low-k inter-
layer dielectric oxide surface types may also have weak
adhesion with the overlying layer 105. In one embodiment
of the invention, the surface of the low-k interlayer dielectric
oxide 101 may be silanized by exposing the surface of the
low-k interlayer dielectric oxide 101 to silane-coupling
agents. The surface modifying molecules may couple to the
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surface of the low-k interlayer dielectric oxide 101 by
covalent bonds, such as but not limited to Si—O—Si bonds.
These surface-modifying molecules may increase adhesion
between the surface of the low-k interlayer dielectric oxide
101 and the overlying layers 105. In another embodiment of
the invention, other types of non-overlying layers may have
increased adherence to a surface of the low-k interlayer
dielectric oxide 101 once the surface has been silanized.

In one embodiment of the invention, silanization of the
low-k interlayer dielectric oxide 101 may transform the
surface energy from approximately 25 mJ/m? (hydrophobic,
non polar) to approximately 80 mJ/m? (hydrophilic, polar).
In another embodiment of the invention, silanization of the
low-k interlayer dielectric oxide 101 may transform the
surface energy from hydrophilic to hydrophobic depending
on the type of surface modifying molecules coupled to the
surface of the low-k interlayer dielectric oxide 101 during
silanization. The change in surface energy may allow for
increased adhesion between the low-k interlayer dielectric
oxide 101 and the overlying layer 105. The overlying layer
105 may be a layer such as but not limited to hard mask, etch
stop, and barrier seed.

Referring to FIG. 2, an embodiment of the invention is
shown in the form of a chemical structure of a silianized
surface. The surface of a low-k interlayer dielectric oxide
may be silanized by exposing the surface of the low-k
interlayer dielectric oxide to silane-coupling agents. Silane-
coupling agents may be a chemical compound in a class of
organochloro or organoalkoxy silanes that spontaneously
react with silica such as, but not limited to, the silica on the
surface of the low-k interlayer dielectric oxide. Silane-
coupling agents that may be used include but are not limited
to disilazane, trichlorosilane, trimethoxy silane, triethoxy
silane, silanol, siloxane, disiloxane, 3-amino propyltriethox-
ysilane, and n-dodecyltrichlorosilane. Silanizing the surface
of the low-k interlayer dielectric oxide may couple surface
modifying molecules 201 to the surface of the low-k inter-
layer dielectric oxide by Si—O—Si linkages to improve
adhesion with an overlying layer, such as, but not limited to,
hard mask, etch stop, and barrier seed layers. The surface
modifying molecules 201 may be coupled by covalent
Si—O—Si bonds strong enough to resist facile removal.

Referring to FIG. 3, an embodiment of the invention is
shown in the form of a flowchart for silanizing a low-k
interlayer dielectric oxide with vapor. At block 301, the
surface of a low-k interlayer dielectric oxide may be oxi-
dized in a low power oxygen plasma. For example, a low
power oxygen plasma sufficient to ash photoresist may be
used. The low power oxygen plasma may be needed to
increase Si—O— bond content on the surface of the low-k
interlayer dielectric oxide if the surface of the low-k inter-
layer dielectric oxide surface is not carbon depleted. For
example, the low-k interlayer dielectric oxide surface may
have been carbon depleted in a plasma etching step used for
patterning. The silane-coupling agents may bond better to
the silica formed on the oxidized, carbon depleted surface of
the low-k interlayer dielectric oxide due to the formation of
Si—O0—Si covalent bonds. However, in one embodiment of
the invention, the surface of the low-k interlayer dielectric
oxide may be silanized without depleting the carbon on the
surface of the low-k interlayer dielectric oxide. At block
303, a silane-coupling agent may be vaporized. For
example, low molecular weight silane-coupling agents such
as, but not limited to, hexamethyl disilazane may be volatile
at room temperature and room pressure (i.e. approximately
standard atmospheric conditions) and may vaporize without
additional heat. In other embodiments of the invention,
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solutions of silane-coupling agents may be evaporated by
heating. For example, a solution of silane-coupling agent
may be heated in a separate container to produce silane-
coupling agent vapors. At block 305, a low-k interlayer
dielectric oxide surface may be exposed to the vapors of said
silane-coupling agent. In one embodiment of the invention,
the vapors of the silane-coupling agent may be allowed to
flow freely over the surface of the low-k interlayer dielectric
oxide. In another embodiment of the invention, the vapors of
the silane-coupling agent may be pulled over the low-k
interlayer dielectric oxide by a low pressure. At block 307,
a hard mask, etch stop, or barrier seed layer may be coupled
to the surface of the low-k interlayer dielectric oxide. Other
deposited layers may also be within the scope of the inven-
tion.

Referring to FIG. 4, an embodiment of the invention is
shown in the form of a flowchart for silanizing a low-k
interlayer dielectric oxide layer by exposing it to vapors that
have been heated or exposed to low pressure. At block 401,
the surface of the low-k interlayer dielectric oxide may be
oxidized in a low power oxygen plasma. At block 403, a
silane-coupling agent may be vaporized. At block 405, a
silane-coupling agent may be vaporized by heating a solu-
tion of the silane-coupling agent. At block 407, a low
pressure region may be used to pull a vapor of the silane-
coupling agent over the surface of the interlayer dielectric
oxide. In one embodiment of the invention, a near vacuum
may be used to vaporize a liquid solution of the silane-
coupling agent. At block 409, the surface of a low-k inter-
layer dielectric oxide may be exposed to vapors of the
silane-coupling agent. At block 411, a hard mask, etch stop,
or barrier seed layer may be coupled to the surface of a low-k
interlayer dielectric oxide.

Referring to FIG. 5, an embodiment of the invention is
shown in the form of a flowchart for silanizing a low-k
interlayer dielectric oxide by dipping in a solution of silane-
coupling agents. At block 501, a surface of a low-k interlayer
dielectric oxide may be oxidized in a low power oxygen
plasma. At block 503, the low-k interlayer dielectric oxide
may be dipped in a solution of silane-coupling agent. A
solution of silane-coupling agent may be made by adding
silane-coupling agent to a solvent such as but not limited to
ethyl alcohol, water, or hexane. In one embodiment, the pH
of the solution may be adjusted to approximately five with
an acid such as but not limited to acetic acid. In one
embodiment, with a solution strength of silane-coupling
agent approximately in a range of 0.02 percent to 2 percent,
the interlayer dielectric oxide may be left in the silane-
coupling agent for a time approximately in the range of one
minute to 60 minutes. In other embodiments of the inven-
tion, the interlayer dielectric oxide may be left in the
silane-coupling agent for more than 60 minutes. In other
embodiments, other solution strengths and dipping times
may also be used. At block 507, the low-k interlayer
dielectric oxide may be cured at 110 degrees Celsius for
approximately 20 to 30 minutes. Other cure temperatures
and cure times may also be within the scope of an embodi-
ment of the invention. In one embodiment of the invention,
the low-k interlayer dielectric oxide may not need to be
cured after dipping into a solution of a silane-coupling agent.
At block 509, a hard mask, etch stop, or barrier seed layer
may be coupled to the surface of a low-k interlayer dielectric
oxide. Other layers may also be within the scope of the
invention.

Referring to FIG. 6, an embodiment of the invention is
shown in the form of a flowchart for preparing a solution for
dipping a low-k interlayer dielectric oxide into in order to












