
MICROELECTRONIC SUBSTRATE CLEANING COMPOSITIONS FIELD OF THE INVENTION
[0001] This invention relates to compositions useful in cleaning
microelectronic substrates by removing post plasma etch or post etch/ash
residue as well as silicon-based anti-reflective coatings and being able to
do so while being compatible with aluminum, copper and low-k dielectrics,
and particularly porous low-k dielectrics. In particular the invention
provides substantially solvent based remover compositions and also provides
method for cleaning microelectronic substrates and devices employing such
compositions. BACKGROUND TO THE INVENTION  [0002] Semiconductor devices
have been produced by the steps of coating an inorganic substrate with a
photoresist; patterning the photoresist film by exposure to light and
subsequent development; etching exposed region of the inorganic substrate
using the patterned photoresist film as a mask to form minute circuits; and
removing the patterned photoresist film from the inorganic substrate.
Alternatively, after forming minute circuits in the same manner as above,
the patterned photoresist film is ashed, and then the remaining resist
residues are removed from the inorganic substrate. [0003] With the advance
to smaller circuit lines and the employment of more advanced lithography
(e.g., 193 nm, ArF) to obtain same, anti-reflective coatings have been
needed in order to control critical dimension (CD) and to maintain high
image quality. Thus, the role of St based spin-on anti-reflective coatings
has expanded recently to incorporate pattern transfer responsibilities. The
advantage of the use of such spin-on Si based anti-reflective coatings is
generally at least two-fold: they are easily planarizable and are of
sufficient different chemical composition from the photoresist required to
be employed with ArF at 193 rcm lithography so that high resolution pattern
transfer during dry etch is facilitated. However, subsequent to the dry
etch step, it is necessary to remove any photoresist or photoresist residue
and the remaining anti-reflective coating without damaging the dielectric
layer underneath or any metallization that has been undertaken. [0004]
There is therefore a need to provide a cleaning composition for removing
etch/ash residue, photoresist and anti-reflective coatings while not
damaging any underlying dielectric layer or metallization of the
microelectronic device. It is particularly desirable to provide a cleaning
composition for removing etch/ash residue, photoresist and
Si-anti-reflective coatings while not damaging any underlying low-k
dielectric layer, particularly any porous low-k dielectric layer, which are
inherently chemically similar materials, and without damaging any
metallization of the microelectronic device, particularly copper or
aluminum metallization. SUMMARY [0005] In example embodiments, the residue
removing cleaning compositions disclosed herein are acidic
tetrafluoroborate containing solvent based compositions. In example
embodiments, compositions have a pH of 3 or less and contain from about 80
percent to  about 99 percent by weight of a sulfone solvent, from about
0.25 percent to 19 percent by weight water, from about 0.25 percent to 10
percent by weight of at least one component providing tetrafluoroborate
ions (I3F4-). The compositions may contain chelating agents, a polyhydric
alcohol, surfactants and acids. The compositions disclosed herein may be
employed to clean microelectronic substrates to remove etch/ash residues,
especially from those microelectronic substrates containing Si-containing
anti-reflective coatings also having present an underiying low-k dielectric
layer, particularly any porous low-k dielectric layer. In example
embodiments, to accomplish cleaning of the microelectronic substrates or
devices the microelectronic substrates or devices are contacted with the
compositions disclosed herein for a time and at a temperature sufficient to
accomplish such cleaning. According to one aspect, there is a provided a
microelectronic substrate cleaning compositions comprising:  a) from about
80% to about 99% by weight of the composition of at least one organic
sulfone; b) from about 0.25% to about 19% by weight of the composition of
water; and  c) from about 0.25% to about 10% by weight of the composition
of at least one component providing tetrafluoroborate ions wherein the pH
of the composition, as a 10% by weight aqueous solution of the composition,
is 3 or iess. According to another aspect, there is provided a process for
cleaning a microelectronic substrate or device of post etch/ash residue
comprises contacting the microelectronic substrate or device with a
cleaning composition comprising:  a) from about 80% to about 99% by weight
of the composition of at least one organic sulfone; b) from about 0.25% to
about 19% by weight of the composition of water; and  c) from about 0.25%
to about 10% by weight of the composition of at least one component
providing tetrafluoroborate ions wherein the pH of the composition, as a
10% by weight aqueous solution of the composition, is 3 or less. According
to another aspect, there is provided a process, wherein the process also
comprises the cleaning of photoresist and Si-based anti-reflective coating
from the microelectronic substrate or device while not damaging any
underlying dielectric layer or metallization of the microelectronic
substrate or device.  DETAILED DESCRIPTION OF THE INVENTION  [0006] Residue
removing cleaning compositions of this invention are acidic
tetrafluoroborate containing, organic sulfone solvent based compositions.
These compositions have a pH of 3 or less and contain from about 80% to
about 99% by weight of at least one sulfone solvent, from about 0.25% to
about 19% water and from about 0.25% to about 10% by weight of at least one
component providing tetrafluoroborate ions (8Fe). [0007] Any suitable
organic sulfone may be employed in the compositions of this invention.
Suitable sulfones include, but are not limited to, dimethyl sulfone,
diethyl sulfone, diphenyl sulfone, 2-(methylsififonium) ethanol, methyl
phenyl sulfone, ethyl phenyl sulfone, dibutyl sulfone, dibenzyl sulfone,
and tetrahydrothiopherce-1 ,1-dioxide (suifolane). Sulfolane is preferred.
The amount of sulfone component present in the cleaning compositions of
this invention will generally in the range of from about 80% to about 99%
by weight of the composition, preferably from about 85% to about 95%, and
more preferably from about 89 % to about 93 %. [0008] The amount of water
present in the cleaning compositions of this invention will generally be in
an amount of from about 0,25% to about 19% by weight of the composition,
preferably from about 2% to about 14%, and more preferably from about 4% to
about 10%. [0009] The components providing the tetrafluoroborabte ions can
be any suitable ionizable tetrafluoroborate containing compound, such as,
but not limited to tetrafiuoroboric acid HI3E4 and salts thereof in
combination with strong mineral acids. Suitable salts include, but not
limited to ammonium tetrafluoroborate (NH4BE-S),
N-methyl-N-alkylpyrrolidinium tetrafluoroborate salts, alkylammonium
tetrafluoroborate salts, alkali metal tetrafluoroborate salts such as
lithium sodium or potassium tetrafluoroborates. Any suitable strong mineral
acid may be employed with the tetrafluoroborate salt, and include, but are
not limited to, strong mineral acids such as hydrochloric acid, sulfuric
acid, phosphoric acid, and nitric acid. Preferred for use in the cleaning
compositions of this invention in order to provide the tetrafluoroborate
ions is tetrafiuoroboric acid, HBF4. Tetrafiuoroboric acid is generally
commercially available as a 48% aqueous solution and may be used as such.
Tetrafiuoroboric acid undergoes hydrolysis producing some quantity of HF.
St is the availability of HE in the compositions that permits the selective
etch of Si-based materials. The component providing the tetrafluoroborate
ions will generally be present in the cleaning compositions of this
invention in an amount of from about 0,25% to about 10% by weight of the
composition, preferably from about 1.5% to about 7%, and more preferably
from about 2.5% to about 4.5%.  WO 2009/108474PCT/US2009/033148 [0010] The
pH of the cleaning compositions of this invention will be pH 3 or less,
preferably a pH of about 2. The highly acidic nature of the cleaning
compositions of this invention can generally be attributed to the
properties of the sulfone component. Sulfalane is an aprotic solvent that
is not protonated in the presence of strong acids. This characteristic
allows for very high acidities at low acid concentration compared to
aqueous solutions of strong inorganic mineral acids. 001 1] Efforts to
prepare similar compositions with alternative Lewis base solvents, such as
for example DM90 and glycol ethers were unsuccessful. The aforementioned
formulations did not possess the selectivity for removing Si-based
anti-reflective coatings nor did they maintain compatibility with Cu.
Sulfones and BF3 form a stable complex. It has been reported that the
tetrafluoroborate ion (BF4-) will dissociate to BF 3 and F- In the present
invention it is believed that the sulfone-BF3 complex contributes to the
reduction of the copper etch rates to acceptable values. [0012] The
cleaning compositions of this invention may optionally contain at least one
polyhydric alcohol. If present in the cleaning composition of this
invention the polyhydric alcohol component may be present in an amount of
from about 1 wt % to about 10 wt % of the cleaning composition, preferably
from about 2 wt % to about 8 wt %, and more preferably from about 3 wt % to
about 6 wt %. Suitable polyhydric alcohols include, but are not limited to,
ethylene glycol, glycerol, erythritol, arabitol, xylitol, marmite!, and
sorbitol, with glycerol being preferred. Formulations utilizing a
polyhydric alcohol have proven (Table X) to possess increased Cu
compatibility and photo resistresidueremovalcapability. 



[0013] The cleaning compositions of this invention are capable of
maintaining exceptionally high (up to about 70:1) etch selectivity for
anti-reflective coating to low-k dielectrics even though they are
inherently somewhat similar materials. The pH of the cleaning compositions
of this invention, which is 3 or less, imparts the aforementioned etch
selectivity upon the cleaning compositions since at pH values greater than
3 the cleaning compositions will unacceptably etch the low-k dielectric
materials. [0014] The cleaning compositions of this Invention can be used
effectively to remove/clean post plasma etch/ash residue, metal based hard
masks, and Si-based anti-reflective coatings. The compositions of the
invention also exhibit copper and low-k dielectric compatibility. Some
compositions of the Invention also exhibit aluminum compatibility. [0015]
The desirable etch rate selectivity of the cleaning compositions of this
Invention is illustrated by the etch rate data in Table 1 for Si based
anti-reflective coatings, copper and aluminum metallizations and
dielectrics, inclusive of low-k dielectrics. In this etch example the
cleaning compositions of this invention employed was one containing 3 wl%
HBF4, 3.25 wt% water and 93.75wt% sulfolane. The materials listed in the
Table were treated with this cleaning composition at 60C for 10 minutes and
the following etch rates were observed.  WO 20091108474PellUS20091033148
TABLE 1 Material tested Etch rate (AngstromsIminute) Honeywell DUOTIA-193
Si-based anti reflective coating 90 Ti 70 Tetraethylorthosilicate (TEOS)
dielectric 3 Cu 5.5 p-Coral low-k dielectric 2 Applied Materials, Inc.
Black Diamond 2x low-k dielectric 7  [0016) Prior art cleaning compositions
had been tested to determine if they had Si-based etch selectivity between
Si based anti-reflective coatings and dielectrics. [0017] The composition
of Example 1 of US Patent Application Publication No. US 2006/0014656 was
tested against Honeywell Duo"-193 Si-based anti-reflective coating, copper
and TEOS and Black Diamond 2 dielectrics at 50C for ten minutes and the
observed etch rates in Angstroms/minute were as follows. TABLE 2 CU TEOS
DUOTIA193 Black Diamond 2 



<1 >100 >140. >250  This prior art formulation will etch and remove the
Si-based anti-reflective coating with good etch rate but will also
unacceptably etch the low k Black Diamond dielectric. [0018] The
composition of Example 23 in Table 4 of US Patent Application Publication
No. US 2006/199749 was tested against Honeywell Duoth-193 Si-based
ant-reflective coating, copper and TEOS and Black Diamond 2 dielectrics at
25C and 35C for ten minutes and the observed etch rates in Angstroms/minute
were as follows. TABLE 3 Temp C Cu TEOS DUO- 193 Black Diamond 2 25C 1 3 1
31 35C 2 3 5 1 This mostly water-containing with glycolic ether acidic
fluoride based formulation could not remove Si-based anti-reflective
material from substrates. [0019] The criticality off the cleaning
compositions of this invention having sulfone solvent present as the
solvent and the necessity to avoid having glycol ethers present in the
cleaning compositions is demonstrated by the following tests. The following
three cleaning compositions were prepared. Compositions A (of this
invention) contained 92.7% sulfolane, 3.8% water and 3,5% tetrafluoroboric
acid. In Comparative Composition B, a portion of the sulfolane was  WO
2009/108474PCT/US2009/033148 replaced with Carbitol (diethylene glycol
monomethyl ether) and in Comparative Compositions C sulfolane was
completely replaced by Carbitol. Each of these compositions was tested
against Honeywell Duo-l93 Si-based anti-reflective coating, copper, TEOS,
and Black Diamond 2 dielectrics for 30 minutes at 60C. The etch results in
Angstrom/ minute were as follows. TABLE 4 Composition 



Cu TEOS DU0ThL193 Black Diamond 2 A <3 3 >140 <2 B 18 2 43 0 C 300 3 41 o
The inclusion of glycol ether, either partially or completely, into the
compositions of this invention destroys the selective etch of Si-based
anti-reflective coating vinen compared to Cu. [0020] The desirable etch
rate selectivity of the cleaning compositions of this invention is
illustrated by the etch rate data in Table 1 for Si based anti-reflective
coating, DUO7m-193, copper and aluminum metallizations and dielectrics,
inclusive of low-k dielectrics, All chemicals were used as received from
the suppliers. The HBF4 used in this study was a 48 % by weight aqueous
solution. All etch rates (Angstroms/minute) were determined at 60 C.
Substrates of Cu, Al, and Black Diamond 2 (B02) were treated for 30
minutes. DUOTM was treated for 10 minutes (initial thickness was about 1400
Angtroms). pH measurements were determined from a 10 % by weight aqueous
solution of the composition. CuOx removal was judged based on visual
inspection of Cu coated wafers that had been submerged in 30% H202 for
about 30 minutes prior to the one minute treatment in the compositions
listed below. Table 5 Comp. No. Su'toren 48% Aq. KB& Additional H20
Glycerol pH Chelater* 



Cu DUOtm BD2 CuOx 1 93 7 0 0 1,65 No <1 .140 2.2 Yes 2 85 15 0 0 1.28 No
4.4 .140 6.8 Yes 3 so 3 17 



o 1.99 No 32 5,6 <1 Yes  80 7 13 0 1.66 No 4.0 16 1.9 Yes 5 93 7 0 0 1.42
DTPA 2.2 >140 1.8 Yes 6 



93 7 0 o 1.41 EDTA 5,5 >140 1.9 Yes 7 93 7 0 0 1.52 CyDTA 1.4 >140 1.5 Yes
8 82 8 0 10 1.51 No 3.4 9.0 



<1 yes  82 8 5 5 1.53 No 5A >100 2.1 Yes  WO 2009/108474PCDUS2009/033148 10
82 3 5 10 1.90 No 3,6 <1 <1 Yes 11 82 3 5 



5 1.88 No 3.5 ci <1 Yes  * Chelator present in about 0.25 % by weight: DTPA
= Diethylenetriaminepentaacetic acid, EDTA Elhylenedlaminetetraacetic acid,
and CyDTA = 1,2-Diaminocyclohexane-N,N,W,AP-tetreacetic acid; BM= Black
Diamond 2-low K dielectric of Applied Material, Inc. [0021] While the
invention has been described herein with reference to the specific
embodiments thereof, it will be appreciated that changes, modification and
variations can be made without departing from the spirit and scope of the
inventive concept disclosed herein. Accordingly, it is intended to embrace
all such changes, modification and variations that fall men the spirit and
scope of the appended claims  1.A microelectronic substrate cleaning
compositions comprising: a) from about 80% to about 99% by weight of the
composition of at least one organic sulfone; b) from about 0.25% to about
19% by weight of the composition of water; and c) from about 0.25% to about
10% by weight of the composition of at least one component providing
tetrafluoroborate ions wherein the p14 of the composition, as a 10% by
weight aqueous solution of the composition, is 3 or less. 2.A
microelectronic substrate cleaning composition according to claim 1
additionally comprising from about 1% to about 10% by weight of at least
one polyhydric alcohol. 3.A microelectronic substrate cleaning composition
according to claim I wherein the sulfone comprises sulfolane. 4.A
microelectronic substrate cleaning composition according to claim I wherein
the at least one component providing tetrafluoroborate ions comprises
tetrafluoroboric acid. 5.A microelectronic substrate cleaning composition
according to claim 3 wherein the at least one component providing
tetrafluoroborate ions comprises tetrafluoroboric acid, 6.A microelectronic
substrate cleaning composition according to claim 2 wherein the at least
one polyhydric alcohol comprises glycerol. 7.A microelectronic substrate
cleaning composition according to claim 6 wherein the at least one sulfone
comprises sulfolane and the at least one component providing
tetrafluoroborate ions comprises tetrafluoroboric acid.  



8.A process for cleaning a microelectronic substrate or device of post
etch/ash residue comprises contacting the microelectronic substrate or
device with a cleaning composition comprising: a) from about 80% to about
99% by weight of the composition of at least one organic sulfone; b) from
about 0.25% to about 19% by weight of the composition of water; and c) from
about 0.25% to about 10% by weight of the composition of at least one
component providing tetrafluoroborate ions wherein the p1-1 of the
composition, as a 10% by weight aqueous solution of the composition, is 3
or less. 9.A process according to claim 8 wherein the cleaning composition
additionally comprising from about 1% to about 10% by weight of at least
one polyhydric alcohol. 10.A process according to claim 8 wherein the
sulfone comprises sulfolane. 11.A process according to claim 8 wherein the
at least one component providing tetrafluoroborate ions comprises
tetrafluoroboric acid. 12.A process according to claim 10 wherein the at
least one component providing tetrafluoroborate ions comprises
tetrafluoroboric acid 13.A process according to claim 9 wherein the at
least one polyhyc c alcohol comprises glycerol. 14.A process according to
claim 13 wherein the at least one sulfone comprises sulfolane and the at
least one component providing tetrafluoroborate ions comprises
tetrafluoroboric acid. 15.A process according to claim 8 wherein the
microelectronic substrate or device comprises a Si-based anti-reflective
coating and a low-k dielectric.  16. A process according to claim 14
wherein the microelectronic substrate or device comprises a Si-based
anti-reflective coating and a low-k dielectric.  17. A process according to
claim 8, wherein the process also comprises the cleaning of photoresist and
Si-based anti-reflective coating from the microelectronic substrate or
device while not damaging any underlying dielectric layer or metallization
of the microelectronic substrate or device: 18. A process according to
claim 17 wherein the composition has a pH of about 2.  19. A process
according to claim 17 wherein the dielectric layer is a porous low-k
dielectric layer.  20. A process according to claim 19 wherein the cleaning
composition comprises -113F4, sulfolane and water. 


