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PROCESS FOR REMOVING CHEMICAL 
MECHANICAL POLISHING RESIDUAL SLURRY 

BACKGROUND OF THE DISCLOSURE 

[0001] 1. Field of the Invention 

[0002] The present invention is directed to a process for 
removing residual slurry after chemical mechanical polish 
ing employing a supercritical ?uid. More speci?cally, the 
present invention is directed to a process for removing 
residual slurry arising from planariZing of Workpieces by 
utiliZing composition of a supercritical ?uid, Which includes 
supercritical carbon dioxide and a co-solvent, and a surfac 
tant. 

[0003] 2. Background of the Prior Art 

[0004] A common and Well established method of pla 
nariZing semiconductor Wafers and other Workpieces is by 
polishing surfaces to be planariZed With a chemical 
mechanical polishing (CMP) slurry. Those skilled in the art 
are aWare that these slurries are silica-based, tungsten-based, 
ceria-based or alumina-based and are used to remove silicon, 
metal coatings, silicon oxides and silicon nitrides and the 
like on silicon. As a result of this polishing, residual slurry, 
combined With the removed material, becomes deposited on 
all exposed areas of the Workpiece. 

[0005] In the past conventional brush and Wet cleaning of 
residual CMP slurry Was utiliZed. HoWever, in vieW of the 
continuing decreased siZe of semiconductor devices, this 
brush and Wet cleaning method, Which utiliZes Water, has 
been less and less successful. This is so because Water and 
other aqueous ?uids employed in Wet cleaning techniques 
have relatively high surface tensions. Water, for example, 
has a surface tension of about 70 dynes per square centi 
meter. This relatively high surface tension makes it very 
dif?cult or even impossible to dislodge and remove debris 
from vias, trenches and other nanostructures. 

[0006] This dif?culty is scienti?cally explained by the 
force of particle adhesion to a substrate surface. This adhe 
sive force is dependent upon the adhesion betWeen the 
debris particle and the surface. The major adhesive forces, 
Which hold the debris to the surface, are Van der Waals and 
electrostatic forces. The semiconductor devices of the 
present day and even more so in the future have and Will 
have substructures in the order of submicron dimensions. To 
remove residual CMP slurry particles left after chemical 
mechanical polishing, requires a loW surface tension ?uid 
that is able to penetrate into a depression and into the 
interface betWeen a debris particle and the surface in Which 
the particle is entrapped inside a submicron depression. 
Thus, it is apparent that a totally neW process must be 
devised to ensure that debris particles, resulting from chemi 
cal mechanical polishing, are removed. 

[0007] Recent developments have focused on removal of 
residues from semiconductor surfaces, albeit not necessarily 
CMP slurry residues. US. Pat. Nos. 5,908,510 and 5,976, 
264 involve the removal of residue from an etched precision 
surface utiliZing supercritical ?uids or liquid carbon dioxide. 
More speci?cally, the residue removed from etched preci 
sion surfaces in these disclosures are ?uorine- or chlorine 
containing residues. These disclosures also indicate that a 
cryogenic aerosol, Which may be argon, nitrogen or carbon 
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dioxide, may be employed as a subsequent step after pro 
cessing With a supercritical ?uid or liquid carbon dioxide. 

[0008] US. Pat. No. 5,306,350 describes a method of 
cleaning apparatus by removing one or more polymeric 
compounds therefrom. This is accomplished by a cleaning 
composition Which includes at least one compressed ?uid, 
Which is a gas at standard conditions, and a solvent. The at 
least one or more removed polymeric compounds are at least 
partially soluble in the solvent and at least partially miscible 
With the compressed ?uid. This compressed ?uid may be 
supercritical carbon dioxide, nitrous oxide or a mixture 
thereof. This method is preferably accomplished by spray 
mg. 

[0009] European Patent Application 0 572 913 describes a 
system of continuously processing items using a supercriti 
cal ?uid in Which the items to be cleaned or extracted are 
continuously pressuriZed With the supercritical ?uid. 

[0010] European Patent Application 0 726 099 is directed 
to a process of removing surface contaminants from a 
substrate by contacting the substrate With a dense phase gas 
at or above the critical pressure thereof. A preferred dense 
phase gas is carbon dioxide. 

[0011] Although the aforementioned references represent 
advances in the art, none of them address the speci?c 
problem of removing chemical mechanical polishing slurry 
residue from semiconductor surfaces and nanostructures. 
Thus, there is a continuing need in the art for a neW process 
to address this important problem. 

SUMMARY OF THE INVENTION 

[0012] A neW process has noW been developed for 
removal of residual chemical mechanical polishing (CMP) 
slurry from topographical structures on semiconductor 
Wafers. This residual CMP slurry removal eliminates prob 
lems in subsequent processing operations Which lead to 
contamination, electrical device opens, electrical device 
shorts and other yield/reliability concerns. 

[0013] Although the invention is not limited to any theory 
explaining its operation, it is believed that tWo requirements 
must be met in order to overcome the dif?culties discussed 
above. First, a residual slurry removal ?uid must be utiliZed 
Which has a loW enough surface tension to permit the ?uid 
to penetrate into very narroW openings. Secondly, the ?uid 
must be able to neutraliZe any charge on the slurry particles 
to alloW the ?uid to not only penetrate into the narroW 
openings but also dislodge the residual slurry particles. The 
invention of the present application provides a cleaning ?uid 
Which meets these physical requirements. 

[0014] In accordance With the present invention a process 
is provided for removal of residual slurry resulting from 
chemical mechanical processing Which comprises removing 
residual slurry resulting from chemical mechanical polish 
ing With a composition Which comprises a mixture of a 
supercritical ?uid, Wherein the supercritical ?uid comprises 
carbon dioxide and a co-solvent, and a surfactant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention Will be better understood by 
reference to the accompanying draWings of Which: 
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[0016] FIG. 1 is a schematic diagram of the apparatus 
employed in the present invention for the removal of 
residual slurry from a semiconductor Wafer after chemical 
mechanical polishing; 

[0017] FIG. 2 illustrates a typical semiconductor Wafer 
prior to chemical mechanical polishing; and 

[0018] FIG. 3 illustrates the semiconductor Wafer after 
chemical mechanical polishing demonstrating residual CMP 
slurry debris. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] The process of the present invention involves 
removal of residual slurry after chemical mechanical pol 
ishing (CMP) that remain on semiconductor Wafers. Insofar 
as CMP is utiliZed to planariZe surfaces on semiconductor 
Wafers, it is apparent that the residual material removed 
therefrom is primarily the CMP slurry, Which is silica-based, 
tungsten-based, ceria-based or alumina-based, and Wafer 
debris. In addition, since the debris includes material 
removed from a semiconductor Wafer, the residual material 
may include, in addition to Si and SiO2, any one or more of 
several metals such as Al, W, Ti, Ta, Pt, Pd, Ir, Cr, Cu and 
Ag. In addition, polymers, such as polyimides and polya 
mides, may also be present in the residual material removed 
in the process of the present invention. 

[0020] The process of the present invention may be con 
ducted in an apparatus 10 as depicted in the FIG. 1. 
Apparatus 10 includes a process chamber 12 having a 
sample Zone 14 Wherein a Workpiece, denoted by reference 
numeral 16, is disposed. The Workpiece 16 may be a silicon 
Wafer, a microelectrical machine or other semiconductor 
device. The process chamber 12 is surrounded by a heater 
jacket 18 and may include a stirring mechanism 20. Addi 
tionally, the process chamber contains an inlet line 22, an 
outduct 24 and a thermocouple 26. The inlet line 22 contains 
a high pressure pump system 28 Which is in communication 
With a gas cylinder 30 for supplying a supercritical ?uid or 
mixture thereof to the process chamber 12. Thermocouple 
26 is also connected to a heater control 32 Which is utiliZed 
for controlling and monitoring the temperature in the pro 
cess chamber 12. Apparatus 10 may also include a reservoir 
34 for collecting and/or purifying supercritical ?uids that 
exit process chamber 12 through outduct 24. This material 
may then be recycled into the process chamber through duct 
35. 

[0021] The term “supercritical” ?uid refers to the fact that 
the ?uid is above its critical point, i.e., critical temperature, 
To, and critical pressure, PC, at Which the tWo ?uid phases of 
a substance, in equilibrium With each other, become iden 
tical, forming one phase. The supercritical ?uid comprises 
supercritical carbon dioxide and a co-solvent. 

[0022] The co-solvent may be (a) a compound having the 
structural formula HOOC—(CH2)n—COOH, Where n is 0, 
1 or 2; a compound having the structural formula RSO3H, 
Where R is hydrogen, methyl, ethyl or CF3; (c) a compound 
having the structural formula R1COOH, Where R1 is hydro 
gen, CF3, C2135, methyl, ethyl or propyl; (d) methanol; (e) 
triethanolamine; N-methyl pyrrolidine and (g) mixtures 
thereof. 

[0023] Of the co-solvents Within the contemplation of the 
present invention those Within the scope of components (a), 
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(b) and (c), the three classes of acid compounds, and 
mixtures thereof, are preferred. Amongst these acids, oxalic 
acid, formic acid, acetic acid and per?uoroacetic acid are 
particularly preferred for employment as the co-solvent. 

[0024] The supercritical ?uid, Which comprises supercriti 
cal carbon dioxide and the co-solvent, is preferably present 
such that the co-solvent represents less than about 20% of 
the total volume of the supercritical ?uid. More preferably, 
the supercritical ?uid comprises betWeen about 1% and 
about 10% co-solvent and the remainder supercritical carbon 
dioxide, based on the total volume of the supercritical ?uid. 

[0025] The purity of the supercritical ?uid is not critical to 
the practice of the present invention. If a loW purity super 
critical ?uid is employed, the supercritical ?uid can be ?rst 
puri?ed to remove the impurities using techniques Well 
knoWn to those skilled in the art. For instance, a loW purity 
supercritical ?uid could be puri?ed by passing it through a 
puri?cation column prior to entering the processing cham 
ber. 

[0026] It is also emphasiZed that the supercritical ?uid is 
combined With a surfactant to form a composition for 
removing CMP slurry residue from the semiconductor 
Wafer. The surfactant forms a homogeneous mixture With the 
supercritical ?uid under the thermodynamic conditions 
extant in the process chamber 12. The surfactant may be 
introduced into the chamber 12 prior to the introduction of 
the supercritical ?uid. In an alternate embodiment, a surfac 
tant disposed in reservoir 36 is in communication With a 
conduit 37, Which is also in communication With conduit 22, 
is separately introduced into the process chamber 12 con 
current With the introduction of the supercritical ?uid 
therein. 

[0027] Any surfactant effective in removing residual 
slurry particles folloWing CMP may be utiliZed in the 
present invention. Of the surfactants that may be utiliZed in 
the homogeneous mixture of supercritical ?uid and surfac 
tant to remove CMP residual slurry, anionic surfactants are 
preferred. Among the anionic surfactants particularly pre 
ferred for utiliZation in the present invention are ammonium 
carboxylates and ammonium sulfonates. Aparticularly pre 
ferred example of an ammonium sulfonate, preferred for use 
in the present invention, is ammonium per?uoroalkylsul 
fonate. A particularly preferred example of an ammonium 
carboxylate is ammonium per?uoroethercarboxylate. 

[0028] As shoWn in FIG. 1, the supercritical ?uid may be 
pre-pressuriZed by a high pressure pump 28. Typically, the 
supercritical ?uid is pre-pressuriZed to a pressure in the 
range of betWeen about 1000 psi to about 6000 psi. More 
preferably, the supercritical ?uid is pre-pressuriZed to a 
pressure of about 3000 psi before entering the processing 
chamber. The pre-pressuriZed supercritical ?uid is then 
transferred to the processing chamber 12 through inlet line 
22. 

[0029] The semiconductor Wafer or sample, illustrative of 
a typical Workpiece 16, employed in the present invention is 
any semiconductor sample that is subjected to CMP. Illus 
trated examples of suitable semiconductor samples that may 
be used in the present invention include, but are not limited 
to, semiconductor Wafers, semiconductor chips, ceramic 
substrates, patterned ?lm structures and the like. For 
example, the Workpiece 16 may include one or more of the 
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following materials: titanium silicide, tantalum nitride, tan 
talum silicide, silicon, polysilicon, silicon nitride, SiO2, 
diamond-like carbon, polyimide, polyamide, aluminum, alu 
minum With copper, copper, tungsten, titanium, palladium, 
platinum, iridium, chromium, ferroelectric materials and 
high dielectric materials such as BaSrTi or PbLaTi oXides. 

[0030] In practice, a semiconductor Wafer or other Work 
piece 16 containing CMP slurry residue is placed in sample 
Zone 16 of process chamber 12 Wherein the sample is 
eXposed to the composition of supercritical ?uid and sur 
factant under conditions Which are suf?cient to remove the 
CMP slurry residue from the sample While maintaining the 
supercritical ?uid above its critical temperature and pres 
sure. Typically, the pressure Within process chamber 12, 
during CMP slurry residue removal, is in the range of from 
about 1000 psi to about 6000 psi. More preferably, the 
pressure Within the process chamber is about 3000 psi. The 
temperature Within the process chamber 12, during CMP 
slurry residue removal, is in the range of betWeen about 40° 
C. to about 100° C. More preferably, the temperature Within 
the process chamber during CMP slurry residue removal is 
about 70° C. 

[0031] It is emphasiZed that temperature conditions in 
process chamber 12 are controlled by heat controller 32 
Which has the capability to monitor the temperature in 
chamber 12 by means of thermocouple 26. The measured 
temperature is adjusted by heat jacket 18, controlled by 
controller 32, in accordance With temperature control means 
Well knoWn in the art. 

[0032] To ensure effective removal of the CMP slurry 
residue from the semiconductor sample, the semiconductor 
sample is eXposed to the supercritical ?uid under the above 
conditions for about 2 minutes to about 30 minutes. More 
preferably, the time period of eXposure of the Workpiece 16 
to the supercritical ?uid under the above-identi?ed condi 
tions is about 2 minutes. 

[0033] The supercritical ?uid exiting the process chamber 
through outduct 24 may be cleaned, as described above, and 
recycled back into the apparatus. In this manner a closed 
reactor system is formed. Such a closed reactor system is 
illustrated in FIG. 1. Such an apparatus may or may not be 
provided in the process of the present invention. Obviously, 
a closed reactor system reduces processing costs at the price 
of increased capital eXpense. In the preferred embodiment 
illustrated in FIG. 1, Where such a system is employed, the 
eXhaust supercritical ?uid enters a reservoir 34 through 
conduit 24 and is recycled back into chamber 12 through 
conduit 35. 

[0034] Apparatus 10 is shoWn provided With a stirring 
mechanism. In this preferred embodiment, depicted gener 
ally at 20, the speed of the stirring unit varies from about 100 
rpm to about 1000 rpm. More preferably, stirring occurs at 
about 500 rpm. 

[0035] To better appreciate the process of the present 
invention, attention is directed to a typical semiconductor 
Wafer that is subjected to chemical mechanical polishing. 
Typically, a semiconductor Wafer 1 is provided With the ?rst 
?lm layer 2 and a second top ?lm layer 3. These ?lm layers 
may cover the horiZontal surface as Well as the surface of a 
trench or via 4. In order to remove the layer 3 from the 
horiZontal surface Without disturbing the layer 3 in the via 4, 
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chemical mechanical polishing of the top surface occurs. 
HoWever, this chemical mechanical polishing, Which suc 
cessfully removes layer 3 from the top surface of Wafer 1, 
leaves CMP slurry residue 5 in via 4. It is this residue that 
is removed in apparatus 10. 

[0036] The above description and embodiments Will make 
apparent, to those skilled in the art, other embodiments and 
examples. These other embodiments and eXamples are 
Within the contemplation of the present invention. There 
fore, the present invention should be limited only by the 
appended claims. pre-pressuriZed supercritical ?uid is then 
transferred to the processing chamber 12 through inlet line 
22. 

[0037] The semiconductor Wafer or sample, illustrative of 
a typical Workpiece 16, employed in the present invention is 
any semiconductor sample that is subjected to CMP. Illus 
trated eXamples of suitable semiconductor samples that may 
be used in the present invention include, but are not limited 
to, semiconductor Wafers, semiconductor chips, ceramic 
substrates, patterned ?lm structures and the like. For 
eXample, the Workpiece 16 may include one or more of the 
folloWing materials: titanium silicide, tantalum nitride, tan 
talum silicide, silicon, polysilicon, silicon nitride, SiO2, 
diamond-like carbon, polyimide, polyamide, aluminum, alu 
minum With copper, copper, tungsten, titanium, palladium, 
platinum, iridium, chromium, ferroelectric materials and 
high dielectric materials such as BaSrTi or PbLaTi oXides. 

[0038] In practice, a semiconductor Wafer or other Work 
piece 16 containing CMP slurry residue is placed in sample 
Zone 16 of process chamber 12 Wherein the sample is 
eXposed to the composition of supercritical ?uid and sur 
factant under conditions Which are sufficient to remove the 
CMP slurry residue from the sample While maintaining the 
supercritical ?uid above its critical temperature and pres 
sure. Typically, the pressure Within process chamber 12, 
during CMP slurry residue removal, is in the range of from 
about 1000 psi to about 6000 psi. More preferably, the 
pressure Within the process chamber is about 3000 psi. The 
temperature Within the process chamber 12, during CMP 
slurry residue removal, is in the range of betWeen about 40° 
C. to about 100° C. More preferably, the temperature Within 
the process chamber during CMP slurry residue removal is 
about 70° C. 

[0039] It is emphasiZed that temperature conditions in 
process chamber 12 are controlled by heat controller 32 
Which has the capability to monitor the temperature in 
chamber 12 by means of thermocouple 26. The measured 
temperature is adjusted by heat jacket 18, controlled by 
controller 32, in accordance With temperature control means 
Well knoWn in the art. 

[0040] To ensure effective removal of the CMP slurry 
residue from the semiconductor sample, the semiconductor 
sample is eXposed to the supercritical ?uid under the above 
conditions for about 2 minutes to about 30 minutes. More 
preferably, the time period of eXposure of the Workpiece 16 
to the supercritical ?uid under the above-identi?ed condi 
tions is about 2 minutes. 

[0041] The supercritical ?uid eXiting the process chamber 
through outduct 24 may be cleaned, as described above, and 
recycled back into the apparatus. In this manner a closed 
reactor system is formed. Such a closed reactor system is 
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illustrated in FIG. 1. Such an apparatus may or may not be 
provided in the process of the present invention. Obviously, 
a closed reactor system reduces processing costs at the price 
of increased capital expense. In the preferred embodiment 
illustrated in FIG. 1, Where such a system is employed, the 
eXhaust supercritical ?uid enters a reservoir 34 through 
conduit 24 and is recycled back into chamber 12 through 
conduit 35. 

[0042] Apparatus 10 is shoWn provided With a stirring 
mechanism. In this preferred embodiment, depicted gener 
ally at 20, the speed of the stirring unit varies from about 100 
rpm to about 1000 rpm. More preferably, stirring occurs at 
about 500 rpm. 

[0043] To better appreciate the process of the present 
invention, attention is directed to a typical semiconductor 
Wafer that is subjected to chemical mechanical polishing. 
Typically, a semiconductor Wafer 1 is provided With the ?rst 
?lm layer 2 and a second top ?lm layer 3. These ?lm layers 
may cover the horiZontal surface as Well as the surface of a 
trench or via 4. In order to remove the layer 3 from the 
horiZontal surface Without disturbing the layer 3 in the via 4, 
chemical mechanical polishing of the top surface occurs. 
HoWever, this chemical mechanical polishing, Which suc 
cessfully removes layer 3 from the top surface of Wafer 1, 
leaves CMP slurry residue 5 in via 4. It is this residue that 
is removed in apparatus 10. 

[0044] The above description and embodiments Will make 
apparent, to those skilled in the art, other embodiments and 
examples. These other embodiments and eXamples are 
Within the contemplation of the present invention. There 
fore, the present invention should be limited only by the 
appended claims. 

What is claimed is: 
1. A process of removing residual slurry resulting from 

chemical mechanical polishing Which comprises removing 
residual slurry resulting from chemical mechanical polish 
ing With a composition Which comprises a mixture of a 
supercritical ?uid and a surfactant. 
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2. A process in accordance With claim 1 Wherein said 
supercritical ?uid comprises supercritical carbon dioxide 
and a co-solvent. 

3. A process in accordance With claim 2 Wherein said 
co-solvent is selected from the group consisting of: 

(a) a compound having the structural formula HOOC— 
(CH2)n—COOH, Wherein n is 0, 1 or 2; 

(b) a compound having the structural formula RSO3H, 
Where R is hydrogen, methyl, ethyl or CF3; 

(c) a compound having the structural formula R1COOH, 
Where R1 is CF3, C2135, hydrogen, methyl, ethyl or 
propyl; 

(d) triethanolamine; 
(e) methanol; 
(f) N-methyl pyrrolidine; and 
(g) miXtures thereof. 
4. A process in accordance With claim 3 Wherein said 

co-solvent is selected from the group consisting of (a), (b), 
(c) and (g) 

5. A process in accordance With claim 4 Wherein said 
solvent is selected from the group consisting of oXalic acid, 
formic acid, acetic acid and per?uoroacetic acid. 

6. A process in accordance With claim 1 Wherein said 
surfactant is an anionic surfactant. 

7. A process in accordance With claim 6 Wherein said 
anionic surfactant is an ammonium carboXylate or an ammo 
nium sulfonate. 

8. A process in accordance With claim 7 Wherein said 
anionic surfactant is an ammonium carboXylate. 

9. A process in accordance With claim 8 Wherein said 
ammonium carboXylate is ammonium per?uoroethercar 
boXylate. 

10. A process in accordance With claim 7 Wherein said 
anionic surfactant is an ammonium sulfonate. 

11. A process in accordance With claim 10 Wherein said 
ammonium sulfonate is ammonium per?uoroalkylsulfonate. 

* * * * * 


