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Numerous sequential processes are used in the manufacture of semiconductor
integrated circuit devices. One such process is the etching of the
metallization that has been     deposited on the semiconductor wafer from
which the integrated circuit is formed.           Aluminum is the most
commonly used metallization on silicon integrated circuits. It     is often
alloyed with silicon and/or copper to improve its properties, in particular
to meet     the process and reliability requirements imposed upon it by the
device manufacturer.     However, such alloying increases the metallization
layer's susceptibility to corrosion. The     most common corrodants are the
dissociation products of plasma etch containing chlorine     and fluorine
and wet etches containing HF. Since the dimensions of state-of-the art 



metallizations are on the order of 0.9 microns or less, the smallest pits
resulting from the     corrosion can seriously affect the electrical
properties of the device and can even cause     complete failure of the
circuit. Such conventional etching processes also leave behind
organo-metallic residue that must be removed in a subsequent wafer
processing step that      WO 98/32546
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further contributes to the problem of pitting.            Removal of the
organo-metallic residue has conventionally been achieved through
application of one of two basic types of solutions. The first solution type
is an ethylene     glycol based solution including, for example, low
concentration HF. The second solution     type is a water-based solution
including, for example, a concentration of NH4F. With     respect to the
second solution type, the higher the aqueous concentration of the NH4F, the
more effective the solution is at removing the undesired organo-metallic
residue from the     wafer. However, higher concentrations of the NH4F also
increase the likelihood and     degree of pitting of the metallization
layer. Substantial pitting from the NH4F has also been     observed at low
NH4F concentrations.             The present inventor has recognized this
problem and has developed a method and      solution for effectively
removing the undesired organo-metallic residue from the wafer      surface
while significantly decreasing the likelihood and degree of pitting.   
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BRIEF SUMMARY OF THE INVENTION            A semiconductor wafer subject to
a metallization etching process includes post-     etching residue that is
removed using a fluorine containing solution having a substantial
amount of CO[err] dissolved therein. Alternatively, or in addition, a
fluorine containing     solution that has been used to remove the residue
is rinsed from the wafer using a solvent     containing a substantial
amount of 03 dissolved therein. In each instance, pitting of the
metallization layer is reduced.      WO 98/32546
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BRIEF DESCRIPTION OF THE SEVERAL                                   VIEWS OF
THE DRAWINGS              FIG. 1 is a flow diagram of a post-etching
residue removing process in accordance     with one embodiment of the
present invention.            FIG. 2 is a flow diagram of a post-etching
residue removing process in accordance      with a further embodiment of
the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION            FIG. 1 is a flow diagram
illustrating one embodiment of a process including     effective removal of
post-etching residue while concurrently reducing and/or eliminating
pitting that would otherwise result therefrom. As shown, a semiconductor
wafer with a     metallization layer is provided at step 10. The
metallization layer may, for example, be     any one or combination of a
number of metallization materials. Such materials include     aluminum,
aluminum alloys, etc. Commonly used aluminum alloys include an alloy of
aluminum and copper.             At step 15, the metallization layer is
etched to form the desired metallization     pattern. The etching of the
metallization layer results in a residue that must be removed     from the
semiconductor wafer. Such residues are typically organo-metallic residues.
Removal of the residues ensues at step 20. At step 20, a novel and
effective     solution is applied to the semiconductor wafer. More
particularly, an aqueous solution of     NH4F is applied to the wafer. The
aqueous solution has an NH4F concentration of at least     about 2 x
10[err] or greater and contains an amount of CO[err] dissolved therein. The
amount of     dissolved CO[err] is sufficiently large so that pitting of
the metallization layer is substantially     reduced when compared to an
aqueous NH4F solution that does not contain dissolved CO[err].
Preferably, the solution is substantially saturated with CO[err]. The
CO[err] may be dissolved in 



the aqueous solution through, for example, sparging. Such sparging may take
place at     room temperature, at a rate of 1 liter/minute at 20 psi for
about 1 hr. The solution may be     applied, for example, by a spray
solvent system or a spray acid system.             After treatment with the
foregoing solution, the solution is removed from the      semiconductor
wafer at step 25. For example, the wafer may be cleaned using a spray of
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de-ionized water, or the like. Alternatively, the solution may be removed
by an     intermediate rinse chemical such as IPA.            FIG. 2 is a
flow diagram illustrating a further embodiment of a process including
effective removal of post-etching residue while concurrently reducing
and/or eliminating     pitting that would otherwise result therefrom. In
accordance with this embodiment, a     semiconductor wafer with a
metallization layer is provided at step 30. As noted above, the
metallization layer may, for example, be any one or combination of a number
of     metallization materials. Such materials include aluminum, aluminum
alloys, etc.     Commonly used aluminum alloys include an alloy of aluminum
and copper.             At step 35, the metallization layer is etched to
form the desired metallization      pattern. The etching of the
metallization layer results in a residue that must be removed      from the
semiconductor wafer. Such residues, as previously noted, are typically
organo-      metallic residues. 



Removal of the residues ensues at step 40. At step 40, a fluorine
containing      aqueous solution is applied to the semiconductor wafer .
Other solutions suitable for such      use include: ethylene glycol and
fluorine solutions, propylene glycol and fluorine solutions,
hydroxylamine solutions, dimethylsulfoxide solutions, monoethanolamine
solutions, and the      like. In the particular embodiment illustrated
here, an aqueous solution of NH4F is applied      to the wafer. The aqueous
solution has an NH4F concentration of at least about 2 x 10[err] M      or
greater and, may contain a concentration as large as 0.5 to 1.0 M.
Solutions with      higher concentration levels assist in removing the
post-etching residue more effectively than      those with lower
concentration levels. Although not necessary, the solution may be one
such as the one described above in connection with FIG. 1 and contain an
amount of CO[err]      WO 98/32546
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dissolved therein.             After treatment with the foregoing solution,
the solution is removed from the     semiconductor wafer at step 40 using a
unique rinsing solution. More particularly, the     rinsing solution
comprises a solvent that is capable of removing the fluorine containing
solution; the rinsing solution having an amount of 03 dissolved therein.
Preferably, the     solvent is de-ionized water that is substantially
saturated with 0 3. The 03 may, for     example, be introduced into the
solution through a sparging process. By using this rinsing     solution,
pitting of the metallization layer is substantially reduced when compared
to the 



pitting that would otherwise occur if a solvent, such as de-ionized water,
alone were used in     the rinsing process.             Numerous
modifications may be made to the foregoing process without departing
from the basic teachings thereof. Although the present invention has been
described in      substantial detail with reference to one or more specific
embodiments, those of skill in the      art will recognize that changes may
be made thereto without departing from the scope and      spirit of the
invention as set forth in the appended claims.
8     CLAIMS  1.    A solution for removing residue from a semiconductor
wafer having metallization,        the solution comprising an aqueous
solution of NH4F having an NH4F concentration        of at least 2 x
10[err] M or greater, the NH4F having a substantial concentration of
CO[err]        dissolved therein.    2.    A solution as claimed in Claim 1
wherein the solution has been sparged with CO[err].    3.    A solution as
claimed in Claim 1 wherein the solution is substantially saturated with
CO[err].    4.    [Canceled]  



5.    [Canceled]    6.    [Canceled]    7.    A process for removing
post-etching residue resulting from the etching of a        metallization
layer of a semiconductor wafer, the process comprising:      WO 98/32546
PCT/US98/00092                 applying to the wafer a solution comprising
an aqueous solution of NH4F having an                   NH4F concentration
of at least 2 x 10[err] M or greater, the solution containing
a substantial amount of CO[err] dissolved therein.       8.    A process as
claimed in Claim 7 and further comprising the step of removing the
solution from the surface of the wafer after application thereof.       9.
A process as claimed in Claim 7 wherein the metallization layer comprises
aluminum.       10.   A process as claimed in Claim 7 wherein the
metallization later comprises an  



aluminum alloy.       11.   A process as claimed in Claim 7 wherein the
metallization layer comprises an alloy            of aluminum and copper.
12.   A process as claimed in Claim 7 wherein the solution is saturated
with CO[err].       13.   A process for removing post-etching residue
resulting from the etching of a            metallization layer of a
semiconductor wafer, the process comprising:            applying to the
wafer a solution comprising an aqueous solution of NH4F; and
rinsing the solution off of the wafer using de-ionized water that contains
a                    substantial amount of 03 dissolved therein.
14.  (Amended) A process for removing post-etching residue as claimed in
Claim 13        wherein the de-ionized water is substantially saturated
with the O[err].    15.   A process for removing post-etching residue as
claimed in Claim 14 wherein the        solution comprising an aqueous
solution of NH4F having an NH4F concentration of        at least 2 x
10[err] M or greater.  



16.   A process for removing post-etching residue as claimed in Claim 14
wherein the         solution comprising an aqueous solution of NH4F having
an NH4F concentration of         at least 5 x 10[err] M or greater.    17.
A process for removing post-etching residue as claimed in Claim 14 wherein
the         metallization layer comprises aluminum.    18.   A process for
removing post-etching residue as claimed in Claim 14 wherein the
metallization later comprises an aluminum alloy.    19.   A process for
removing post-etching residue as claimed in Claim 14 wherein the
metallization layer comprises an alloy of aluminum and copper.
11     20.  (Amended) A process for removing post-etching residue resulting
from the etching         of a metallization layer of a semiconductor wafer,
the process comprising:         applying a fluorine containing solution to
the wafer and a metallization layer               disposed thereon; and
rinsing the solution off of the wafer and the metallization layer using a
solvent for               the fluorine containing solution, the solvent
containing an amount of O[err]               dissolved therein. 



21.   A process for removing post-etching residue as claimed in Claim 20
wherein the         fluorine based solution comprises an aqueous solution
of NH4F having an NH4F         concentration of at least 2 x 10[err] M or
greater.    22.   A process for removing post-etching residue as claimed in
Claim 20 wherein the        fluorine based solution comprises an aqueous
solution of NH4F having an NH4F        concentration of at least 5 x
10[err] M or greater.    23.   A process for removing post-etching residue
as claimed in Claim 21 wherein the        solvent is de-ionized water.
24.  (Amended) A process for removing post-etching residue as claimed in
Claim 23        wherein the de-ionized water is at least substantially
saturated with the 03.       12    25.   A process for removing
post-etching residue as claimed in Claim 22 wherein the        solvent is
de-ionized water.    26.  (Amended) A process for removing post-etching
residue as claimed in Claim 25        wherein the de-ionized water is at
least substantially saturated with the O[err]. 



27.   A process for removing post-etching residue as claimed in Claim 20
wherein the        solvent is de-ionized water.    28.  (Amended) A process
for removing post-etching residue as claimed in Claim 27        wherein the
de-ionized water is at least substantially saturated with the O[err].
29.   A rinsing solution for rinsing a semiconductor wafer that has been
subject to a         residue removing process after etching of a
metallization layer of the semiconductor         wafer, the residue
removing process using a fluorine containing solution, the rinsing
solution comprising a solvent suitable for rinsing the fluorine containing
solution         from the wafer, the rinsing solution having a substantial
concentration of 03         dissolved therein.    30.   A solution as
claimed in Claim 29 wherein the rinsing solution comprises de-ionized
water.      13  31.   A solution as claimed in Claim 29 wherein the rinsing
solution is substantially      saturated with O[err]    


