
PATENT APPLICATION Attorney Docket No. APPM1091550 METHOD FOR
REMOVING MASKING MATERIALS WITH REDUCED LOW-K DIELECTRIC MATERIAL
DAMAGE BACKGROUND OF THE INVENTION Field of the Invention  pool The
present invention generally relates to the fabrication of integrated
circuits and, more particularly, to a method for removing masking
materials from dielectric materials having a low dielectric constant
(hereinafter, low-k materials) during the fabrication of integrated
circuits. Description of the Related Art 1004 Integrated circuits
have evolved into complex devices that can include millions of
components (e.g., transistors, capacitors and resistors) on a single
chip. The evolution of chip designs continually requires faster
circuitry and greater circuit density. The demands for greater
circuit density necessitate a reduction in the dimensions of the
integrated circuit components. [0003] As the dimensions of the
integrated circuit components are reduced (e.g., sub-micron
dimensions), the materials used to fabricate such components have a
greater impact on the electrical performance of the integrated
circuit. For example, low resistivity metal interconnects (e.g.,
copper and aluminum) provide conductive paths between the components
on integrated circuits. The metal interconnects are electrically
isolated from each other by an insulating material. When the distance
between adjacent metal interconnects and/or the thickness of the
insulating material has sub-micron dimensions, capacitive coupling
may occur between the metal interconnects, thereby causing cross talk
and/or resistance-capacitance (RC) delay and degrading the overall
performance of the integrated circuit. In order to reduce capacitive
coupling between adjacent metal interconnects, low-k materials (e.g.,
dielectric constants less than about 4.0) are utilized. [0004]
Unfortunately, low-k materials are not easy to process using
conventional fabrication techniques. In particular, low-k materials
are susceptible to damage during plasma processing, such as plasma
processing used to strip masking materials (Le., photoresist layers)
after a feature has been etched into a low-k material layer. For
example, when using an oxygen plasma to remove photoresist, the
oxygen reacts with and removes carbon and/or hydrogen near the
surface of the 



PATENT APPLICATION Attorney Docket No. APPM10915SG exposed low-k
materials, thereby damaging the low-k material. The alteration of the
low-k material results in a low-k shift, wherein the dielectric
constant of the material is changed. [0005]In addition, this damage
generally leads to further additional processing problems. For
example, in a subsequent wet etch step to remove residue, such as a
hydrofluoric acid (HF) dip, the damaged low-k material is undesirably
removed as well. In fabrication processes such as forming
interconnect structures or etching other features into the low-k
materials, this causes a condition known as sidewall pull-back. Where
less susceptible layers are also present, such as a capping layer
that may be disposed over the low-k materials, the non-uniformity of
the sidewall profile of the exposed low-k material forming part of
the interconnect feature leads to difficulty in subsequent conductive
material deposition steps required to complete the interconnect
feature, potentially resulting in complete failure of the integrated
circuit containing the defective interconnect structure. woe]
Therefore, a need exists for an improved method of removing masking
materials from low-k materials. SUMMARY OF THE INVENTION [0007]
Methods for removing masking materials from a substrate having
exposed low-k materials while minimizing damage to exposed surfaces
of the low-k material are provided herein. In one embodiment, a
method for removing masking materials from a substrate includes
providing a substrate having exposed low-k materials and a masking
material to be removed; exposing the masking material to a first
plasma formed from a reducing chemistry for a first period of time;
and exposing the masking material to a second plasma formed from an
oxidizing chemistry for a second period of time. The steps may be
repeated as desired and may be performed in reverse order.
Optionally, at least one diluent gas may be added to the oxidizing
chemistry. E000sj In another embodiment, a method for removing a
masking material from a substrate within a process chamber includes
(a) providing a substrate having exposed low-k materials and a
masking material to be removed; (b) performing one of: (b1) exposing
the masking material to a first plasma formed from a reducing
chemistry for a first period of time; or (b2) exposing the masking
material to a second plasma formed from an oxidizing chemistry for a
second period of time; (c)  



PATENT APPLICATION Attorney Docket No. APPM10915SG performing the
step of (b1) or (b2) that was not performed in step (b); and (d)
repeating the step initially performed in step (b). BRIEF DESCRIPTION
OF THE DRAWINGS [0009] So that the manner in which the above recited
features of the present invention are attained and can be understood
in detail, a more particular description of the invention, briefly
summarized above, may be had by reference to the embodiments thereof
which are illustrated in the appended drawings. pm] It is to be
noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered
limiting of its scope, for the invention may admit to other equally
effective embodiments. [0011] Figure 1 depicts a sequence of method
steps for removing masking materials disposed over low-k materials
according to one embodiment of the invention described herein; 100121
Figures 2A-2B are cross-sectional views of a substrate during
different stages of a dual damascene interconnect processing sequence
in accordance with one embodiment of the subject invention; and
[0013]Figure 3 is a schematic diagram of a process (etch) reactor
that illustratively may be used to practice portions of the
invention. [0014] To facilitate understanding, identical reference
numerals have been used, where possible, to designate identical
elements that are common to the figures. 



DETAILED DESCRIPTION [0015] Embodiments of the present invention
relate to methods of processing low-k materials and, in particular,
to removing masking materials from substrates having exposed low-k
dielectric materials. [00161 Figure 1 depicts a method 100 of method
steps that may be used to remove masking materials from a low-k
material according to one embodiment of the invention. Figures 2A-B
are cross-sectional views of an interconnect feature during different
stages of a dual damascene interconnect fabrication sequence. To best
understand the invention, the reader should refer simultaneously to
Figure 1 and Figures 2A-B.  PATENT APPLICATION Attorney Docket No.
APPM10915SG [0017] The method 100 begins at step 102 where a
substrate 200 is provided having exposed low-k materials 220 and
masking materials 222 that are to be removed. The substrate 200 may
be any substrate, such as a silicon or other semiconductor substrate,
and typically comprises a support layer 204 having at least one low-k
material layer 202 formed thereon. The low-k material may be a
carbon-doped dielectric material, such as carbon-doped silicon oxide
(S10C), organic polymers (such as polyimide, parylene), and the like.
[0ow] A feature, such as a trench 212 and/or a via 210, is typically
etched or otherwise formed into the low-k material layer 202, thereby
exposing portions of the low-k material layer, such as sidewalls 216.
A masking layer 208 is formed (e.g., deposited and patterned) over
the low-k material layer 202 to facilitate etching the feature into
the low-k material layer 202. The masking layer 208 may comprise a
photoresist or other organic masking material, such as organic
polymers. Optionally, a capping layer 206 may be disposed upon the
low-k material layer 202 prior to forming the masking layer 208. The
capping layer 206 may comprise thin oxide films and bonding films
that help the oxide film adhere well to the low-k material 202. It is
contemplated that the substrate 200 may comprise different or
additional material layers and that features other than vias and
trenches may be formed in the low-k material layer 202. [00191 Next,
at step 104 the masking layer 208 is exposed to a first plasma formed
from a reducing chemistry. The reducing chemistry includes a
passivation, or polymer deposition gas. The passivation gas may be a
nitrogen-containing gas or a hydrogen-containing gas. In one
embodiment, the passivation gas comprises at least one of ammonia
(NH3), hydrogen (H2), methane (CH4), nitrogen (N2), and combinations
thereof. The reducing chemistry utilized in the first plasma deposits
a polymer upon the sidewalls of the feature, thereby protecting the
sidewalls from damage due to the strip process. The reducing
chemistry advantageously has a large operational window and produces
a relatively small amount of low-k material damage to exposed
surfaces, such as sidewalls 216, in comparison to other strip
chemistries. Imo] In one embodiment, the first plasma is formed at a
chamber pressure in the range of from about 2 mTorr to about 300
mTorr by providing the passivation gas(es) 



at a total gas flow rate of from about 100 sccm to 1,000 sccm and
providing power in  PATENT APPLICATION Attorney Docket No. AP PM
1091530 the range of from about 50 to about 500 Watts. The masking
layer 208 is exposed to the first plasma for a period of time between
about 10 and about 1,000 seconds. In one embodiment, the process
temperature is maintained between about 0-60 degrees Celsius. [0co]
After step 104, the method 100 proceeds to step 106, where the
masking layer 208 is exposed to a second plasma formed from an
oxidizing chemistry. The oxidizing chemistry comprises an
oxygen-containing gas. In one embodiment, the oxygen-containing gas
comprises at least one of oxygen (02), carbon monoxide (CO), carbon
dioxide (CO2), water vapor (H20), or combinations thereof. The
oxidizing chemistry of the second plasma tends to have higher strip
rate and better capability to remove photoresist and other organic
masking materials than the reducing chemistry of the first plasma of
step 104. In addition, the oxidizing chemistry of the second plasma
is highly reactive with carbon and hydrogen disposed near the exposed
surfaces of the low-k material layer 202. However, during step 106,
the carbon and/or hydrogen removal from the exposed surfaces of the
low-k materials is minimized due to the polymer deposition upon those
surfaces during step 104. [0022] In one embodiment, step 106 is
performed at a chamber pressure less than or equal to approximately
100 mTorr and for a duration of between about 10 and about 300
seconds. In one embodiment, when the method is being practiced on
extreme low-k (ELK) dielectric materials (e.g., materials having a
dielectric constant below about 2.7), step 106 is performed at a
chamber pressure of less than or equal to approximately 10 mTorr, or
less than or equal to about 2 mTorr, for a duration of between about
10 and about 300 seconds. The low pressure environment maintains a
collision-free plasma sheath, (Le., the mean free path for particles
in the plasma is much longer than the plasma sheath thickness). When
charged particles are drawn to the substrate under the electrical
potential of the plasma sheath and come into contact with etched
feature, the charged particles come in almost neatly perpendicular to
the substrate (Le., an anisotropic etch condition) and have little
chance to collide with other particles in the sheath. As such, the
etched vertical sidewalls are under very minimal attack by charged
particles. Under such process conditions, random attack by chemically
active particles on the vertical sidewall of the feature is further
reduced. A low total gas flow may also be maintained to  PATENT
APPLICATION Attorney Docket No. APPM10915SG advantageously further
reduce sidewall damage by limiting the quantity of gas in the
chamber. In one embodiment, the gas flow of the oxidizing chemistry
in the process chamber is between about 10 - 500 sccm. In one
embodiment, total gas flow in the chamber is less than approximately
200 sccm. The power supplied to the process chamber may also be
minimized to sustain an oxidizing plasma having an the ion and
neutral density that is as low as possible. In one embodiment, the RF
power input to the chamber is less than approximately 200 Watts. 



[0023] Optionally, the second plasma of step 106 may further comprise
one or more inert diluent gas(es). The diluent gas may be added to
the oxidizing chemistry in a diluent gas to oxidizing chemistry ratio
of between about 1:1 and 5:1. In one embodiment, the inert diluent
gas comprises at least one of helium (He), argon (Ar), and xenon
(Xe). The addition of the inert diluent gas to the oxidizing
chemistry of the second plasma advantageously dilutes the atomic
oxygen density in the plasma, thereby reducing damage to the exposed
low-k materials. The addition of the inert diluent gas further
advantageously adds ion bombardment components to the plasma, thereby
increasing the etch rate of the capping layer 206 (when present) and
preventing cap overhang (a condition wherein the cap layer extends
beyond the sidewall profile of the low-k material due to differences
in the respective etch rates of the low-k materials and the cap
layer). 1430241 Once step 106 is completed, step 104 may be repeated,
as indicated by dashed line 108. The repetition of the method steps
may continue until the masking layer 208 is completely removed.
Otherwise, the method 100 ends and further processing of the
substrate 200 may continue to complete fabrication of, for example,
an integrated circuit. [0025] Although the method 100 described above
utilizes a plasma formed from a reducing chemistry (step 104)
followed by a plasma formed from an oxidizing chemistry (step 106) to
remove photo resist or organic materials, it is contemplated that the
steps may be performed in reverse order. For example, if the method
100 is to be performed on a substrate 200 having exposed low-k
materials that are more sensitive to damage from the oxidizing
chemistry of step 106, then the method 100 may advantageously utilize
the polymer-depositing reducing chemistry of step 104 as the first
step. Alternatively, where the low-k materials are more robust, then
the  PATENT APPLICATION Attorney Docket No. APPM10915SG method 100
may advantageously begin with step 106 to more quickly remove the
masking materials. pa] In one embodiment of the invention, the method
100 is practiced in an ENABLER process reactor, commercially
available from Applied Materials Inc, of Santa Clara, California, or
other suitable process reactor. FIG. 3 depicts a schematic diagram of
one suitable process (etch) reactor 302 that illustratively may be
used to practice portions of the invention. The etch reactor 302 may
generally be used as a processing module of the CENTURA semiconductor
wafer processing system available from Applied Materials, Inc. of
Santa Clara, Calif. [0021 The reactor 302 generally comprises a
process chamber 310 and a controller 340. The chamber 310 is a high
vacuum vessel supplied with controlled throttle valve 327 and vacuum
pump 336. The process chamber 310 further comprises a conductive body
(wall) 330, a lid assembly 313, a wafer support pedestal 316, and a
ceramic liner 331. The lid assembly 313 generally comprises a
showerhead 332 and an upper electrode 328. The showerhead 332 is
mounted on the upper electrode 328 and may comprise several gas
distribution zones such that various gases can be supplied to a
reaction volume of the chamber 310 at specific flow rates. The upper
electrode 328 is coupled to a very high frequency (VHF) source 318
through an impedance transformer 319 (e.g., a quarter-wavelength
matching stub). The VHF source 318 is generally capable of producing
up to 3,000 Watts at a tunable frequency of above about 100 MHz. loom
The support pedestal 316 comprises an electrostatic chuck 326 for
retaining a substrate 300. In operation, the substrate 300 is placed



stainless steel, and the like) and coupled to an electrical ground
terminal 334 of the  PATENT APPLICATION Attorney Docket No
APPM10915SG reactor 302. The ceramic liner 331 facilitates in-situ
cleaning of the process chamber 310. [0030] The process gas(es) are
supplied from a gas panel 338 to the process chamber 310 through the
showerhead 332. The pressure of a gas mixture 350 in the process
chamber 310 may be controlled using the gas panel 338 and/or the
throttle valve 327. The gas mixture 350 may be ignited into a plasma
351 in the reaction volume of the chamber 310 by applying power from
the VHF source 318. [0031] Temperature of the substrate 300 is
controlled by stabilizing the temperature of the electrostatic chuck
326 and flowing a helium (He) gas from a gas source 348 into the
channels that are formed by the back side of the substrate 300 and
grooves (not shown) in a surface of the electrostatic chuck 326. The
helium gas facilitates a uniform heat transfer between the substrate
300 and electrostatic chuck 326. Using such thermal control, the
substrate 300 may be maintained at a controlled temperature in a
range from 10 to 500 degrees Celsius. [0032] To facilitate control of
the process chamber 310 as described above, the controller 340 may be
one of any form of general-purpose computer processor that can be
used in an industrial setting for controlling various chambers and
sub-processors. The memory, or computer-readable medium, 342 of the
CPU 344 may be one or more of readily available memory such as random
access memory (RAM), read only memory (ROM), floppy disk, hard disk,
or any other form of digital storage, local or remote. The support
circuits 346 are coupled to the CPU 344 for supporting the processor
in a conventional manner. These circuits include cache, power
supplies, clock circuits, input/output circuitry and subsystems, and
the like. [0033] The inventive method 100 is generally stored in the
memory 342 as a software routine 304. The software routine 304 may
also be stored and/or executed by a second CPU (not shown) that is
remotely located from the hardware being controlled by the CPU 344.
Some or all of the method steps of the present invention may also be
performed in hardware. As such, the invention may be implemented in
software and executed using a computer system, in hardware as, e.g.,
an application specific integrated circuit or other type of hardware
implementation, or as a combination of software and hardware. The
software routine 304, when executed by the CPU 344, causes the
reactor 302 to perform processes of the present invention  PATENT
APPLICATION 



Attorney Docket No. APPM10915SG and is generally stored in the memory
342. The software routine 304 may also be stored and/or executed by a
second CPU (not shown) that is remotely located from the hardware
being controlled by the CPU 344. Nom The software routine 304 is
executed after the substrate 300 is positioned on the pedestal 316.
The software routine 304, when executed by the CPU 344, transforms
the general purpose computer into a specific purpose computer
(controller) 340 that controls the chamber operation such that the
etching process is performed. Although the process of the present
invention is discussed as being implemented as a software routine,
some of the method steps that are disclosed therein may be performed
in hardware as well as by the software controller. As such, the
invention may be implemented in software as executed upon a computer
system, in hardware as an application specific integrated circuit or
other type of hardware implementation, or a combination of software
and hardware. [0035] Thus, a method for removing photoresist and
other organic masking materials from a substrate while minimizing
damage to exposed low-k materials is provided herein. Although the
embodiments of the method are described above as being utilized in
connection with the formation of a dual damascene structure, it is
contemplated that the method 100 may be utilized in connection with
any other IC device or structure fabrication process where it is
desired to remove photoresist or other organic masking materials from
a substrate having exposed low-k materials. [0036] While the
foregoing is directed to embodiments of the present invention, other
and further embodiments of the invention may be devised without
departing from the basic scope thereof, and the scope thereof is set
forth by the following claims.  CLAIMS 1.A method for removing a
masking material from a substrate within a process chamber,
comprising:       (a) providing a substrate having an exposed feature
formed in a layer of low-k materials and an overlying layer of
masking material to be removed;       (b) exposing the layer of
masking material to a first plasma formed from a reducing chemistry
for a first period of time to deposit a polymer on sidewalls of the
exposed feature; 



(c) exposing the layer of masking material to a second plasma formed
from an oxidizing chemistry for a second period of time to partially
remove the layer of masking material;       (d) performing steps (b)
and (c) sequentially; and       (e) repeating steps (b) and (c) in
the same order as initially performed until the layer of masking
material is removed. 2.The method of claim 1, wherein the reducing
chemistry comprises at least one of ammonia (NH3), hydrogen (H2),
methane (CH4), and nitrogen (N2). 3.The method of claim 2, wherein
the flow rate of the reducing chemistry is approximately 100-1000
sccm. 4.The method of claim 2, wherein the processing chamber is
maintained at a pressure of between approximately 2 mTorr to 300
mTorr. 5.The method of claim 1, wherein the reducing chemistry
comprises ammonia (N H3). 



6.The method of claim 1, wherein the oxidizing chemistry comprises at
least one of oxygen (02), carbon monoxide (CO), carbon dioxide (CO2),
and water vapor (H20).   7. The method of claim 6, wherein the flow
rate of the oxidizing chemistry is between approximately 10- 500
sccm.  8. The method of claim 6, wherein the flow rate of the
oxidizing chemistry is less than approximately 200 sccm.  9. The
method of claim 6, wherein the processing chamber is maintained at a
pressure of less than or equal to approximately 100 mTorr.  10. The
method of claim 6, wherein the processing chamber is maintained at a
pressure of less than or equal to approximately 10 mTon-.  11. The
method of claim 6, wherein the processing chamber is maintained at a
pressure of less than or equal to approximately 2 mTorr.  12. The
method of claim 6, wherein the oxidizing chemistry comprises oxygen
(02).  13. The method of claim 1, wherein the second plasma further
comprises at least one diluent gas.  14. The method of claim 13,
wherein the at least one diluent gas comprises at least one of helium
(He), argon (Ar), and xenon (Xe). 



15. The method of claim 13, wherein the diluent gas is provided in a
ratio of diluent gas to oxidizing chemistry of between about 1:1 and
5:1.  16. The method of claim 1, wherein step (b) occurs prior to
step (c).  17. The method of claim 1, wherein step (c) occurs prior
to step (b).  18. The method of claim 1, wherein the first period of
time is between about 10 - 1,000 seconds.  19.The method of claim 1,
wherein the second period of time is between about 10 - 300 seconds.
20. A method for removing a masking material from a substrate within
a process chamber, comprising:        (a) providing a substrate
having an exposed feature formed in a layer of low-k materials and an
overlying layer of masking material to be removed;        (b)
performing one of: (bl ) exposing the layer of masking material to a
first plasma formed 



from a reducing chemistry for a first period of time to deposit a
polymer on sidewalls of the exposed feature; or       (b2) exposing
the layer of masking material to a second plasma formed from an
oxidizing chemistry for a second period of time to partially remove
the masking layer;        (c) performing the step of (b1) or (b2)
that was not performed in step (b); and        (d) repeating the step
initially performed in step (b). 21. The method of claim 20, wherein
the reducing chemistry comprises at least one of ammonia (NH3),
hydrogen (H2), methane (CH4), and nitrogen (N2). 22.The method of
claim 20, wherein the oxidizing chemistry comprises at least one of
oxygen (02), carbon monoxide (CO), carbon dioxide (CO2), and water
vapor (H20). 23.The method of claim 20, wherein the second plasma
further comprises at least one diluent gas comprising at least one of
helium (He), argon (Ar), and xenon (Xe). 24. The method of claim 1,
wherein the reducing chemistry comprises methane (CH4). 25. The
method of claim 20, wherein the reducing chemistry comprises methane
(CH4). 


