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REMOVAL OF PHOTORESIST AND PHOTORESIST RESIDUE  FROM SEMICONDUCTORS USING
SUPERCRITICAL CARBON DIOXIDE PROCESS FIELD OF THE INVENTION The present
invention relates to the field of removal of photoresist and photoresist
residue from semiconductor wafers. More particularly, the present invention
relates to the  field of removal of photoresist and photoresist residue
from semiconductor wafers using  supercritical carbon dioxide. BACKGROUND
OF THE INVENTION Manufacture of semiconductor devices requires application
and subsequent removal  of a photoresist chemical from a surface of a
semiconductor wafer. The removal of the  photoresist chemical, commonly
known as stripping, may be immediately preceded by a  plasma ashing,
etching, or other semiconductor manufacturing step. These steps can degrade
or carbonize the photoresist chemical and leave a photoresist residue that
is difficult to  remove by current stripping methods. The current stripping
methods require that the wafers  be dipped into baths of commercially
available chemical mixtures known as strippers. The  baths may employ heat
or ultrasonic augmentation. Typically, the baths employ immersion  times of
twenty to thirty minutes to achieve complete removal of photoresist or
photoresist  residue from the wafer surface. What is needed is a more
effective method of removing photoresist and photoresist  residue. What is
needed is a more efficient method of removing photoresist and photoresist
residue. SUMMARY OF THE INVENTION According to one aspect of the present
invention, there is provided a method of  removing material selected from
the group consisting of a photoresist, a photoresist residue,  and a
combination thereof from a surface of a semiconductor substrate comprising
the steps  of. placing the semiconductor substrate with the material on the
surface of the semiconductor  substrate within a pressure chamber;
pressurizing the pressure chamber; introducing supercritical carbon dioxide
and a stripper chemical into the pressure chamber; mixing the
supercritical carbon dioxide and the stripper chemical -1 14 February 2005
within the pressure chamber until the material is removed from the
semiconductor substrate;  



and flushing the pressure chamber.According to another aspect of the
present invention, there  is provided a method of removing a material
selected from the group consisting of a photoresist, a photoresist residue,
and a combination thereof from a surface of a  semiconductor substrate
comprising the steps of: introducing supercritical carbon dioxide and  a
stripper chemical to the semiconductor substrate with the material on the
surface of the  semiconductor substrate; maintaining the supercritical
carbon dioxide and the stripper  chemical in contact with the supercritical
substrate until the material is removed; and  removing the supercritical
carbon dioxide and the stripper chemical form contact with the
semiconductor substrate. According to yet another aspect of the present
invention, there is provided a method  of processing a semiconductor wafer
having a surface supporting material, the material  selected from the group
consisting of a resist, a resist residue, and a combination thereof, the
method comprising the steps of: exposing the material to supercritical CO2
in combination  with a first solvent, the first solvent being selected from
the group consisting of n-methyl  pyrrolidone, di-isopropyl amine,
tri-isopropyl amine, diglycol amine, hydroxyl amine, and a  mixture
thereof; and maintaining the supercritical carbon dioxide and the first
solvent in  contact with the material until substantially all of the
material has been removed from the  surface of the wafer. According to yet
another aspect of the present invention, there is provided a method  of
processing a semiconductor wafer having a surface supporting material, the
material  selected from the group consisting of a resist, a resist residue,
and a combination thereof, the  method comprising the steps of: exposing
the material to supercritical CO2 in combination  with a first solvent at a
pressure greater than or equal to 1,050 psig and less than or equal to
6,000 psig, the first solvent being selected from the group consisting of
n-methyl pyrrolidone,  di-isopropyl amine, tri-isopropyl amine, diglycol
amine, hydroxyl amine, and a mixture  thereof; and maintaining the
supercritical carbon dioxide and the first solvent in contact with  the
material until substantially all of the material has been removed from the
surface of the  wafer. According to yet another aspect of the present
invention, there is provided a method  of processing a semiconductor wafer
having a surface supporting material, the material  selected from the group
consisting of a resist, a resist residue, and a combination thereof, the
method comprising the steps of. exposing the material to supercritical CO2
in combination  with a first solvent at a temperature greater than or equal
to 46 C and less than or equal to 80 C, -la 



14 February 2005 the first solvent being selected from the group consisting
of n-methyl pyrrolidone, di- isopropyl amine, tri-isopropyl amine, diglycol
amine, hydroxyl amine, and a mixture thereof;  and maintaining the
supercritical carbon dioxide and the first solvent in contact with the
material until substantially all of the material has been removed from the
surface of the wafer. According to yet another aspect of the present
invention, there is provided a method  of processing a semiconductor wafer
having a surface supporting material, the material  selected from the group
consisting of a resist, a resist residue, and a combination thereof, the
method comprising the steps of: exposing the material to supercritical CO2
in combination  with n-methyl pyrrolidone; and maintaining the
supercritical carbon dioxide and the n-methyl  pyrrolidone in contact with
the material until substantially all of the material has been  removed from
the surface of the wafer. 14 February 2005 WO 02/15251 PCTIUS00/22454 In an
alternative embodiment: of the present invention, supercritical CO2 carries
organic or inorganic chemicals or a combination of the organic and
inorganic chemicals into  the pressure chamber, which is heated and
pressurized. The organic or inorganic chemicals or  a combination of the
organic and inorganic chemicals interacts with resist, resist residues, and
organic contaminants on the wafer surface and carries these materials and
remaining  chemicals out of the chamber. BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a flow chart illustrating the steps of a method of the present
invention. Fig. 2 is a fragmentary cross-sectional view of a pre-processed
semiconductor wafer  supporting several material layers. Fig. 3 is a
schematic diagram showing chambers,. pipes, and valves of a simplified
resist removal system in accordance with the present invention. Fig. 4 is a
flow diagram showing a simplified sequence of process steps of a resist
removal system in accordance with the present invention. Fig.. 5 in a
fragmentary cross-sectional: view of the wafer of Fig. 2 subsequent to a
resist removal step in accordance with the present invention. Fig. 6
presents a table showing a few examples of tests performed to remove
photoresist from. a wafer.. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT The preferred embodiment of the present invention utilizes the
high solvency and  



cleaning characteristics of supercritical carbon dioxide to assist in the
stripping process of  photoresist or photoresist residue. Only a small
fraction of a stripper chemical is required to  affect the stripping
process compared to the prior art. In the preferred embodiment of the
present invention, the supercritical carbon dioxide carries the stripper
chemical onto the wafer  to be cleaned and is then recycled back to a
carbon dioxide compressor for reuse. The  stripper chemical is typical of
chemicals found in commercially available stripper products.  The high
degree of solvency and solubilizing ability provided by the supercritical
carbon  dioxide enhances the removal- of the photoresist or the photoresist
residue.. The high .  solubilizing ability provided by the supercritical
carbon dioxide is well known to science and  has been exploited in numerous
other applications, for example in cleaning of metal parts. Solvency of the
supercritical carbon dioxide increases with pressure.. The  supercritical
carbon dioxide effectively carries a small amount of the. stripper chemical
onto  sub-micron surface features of modem semiconductor devices because
diffusivity and -2 14 February 2005 WO 02/15251 PCT/USOO/22454 viscosity of
the supercritical carbon dioxide is similar to a gas phase and because
density of  the supercritical carbon dioxide is nearly equal to a liquid
phase. The supercritical carbon  dioxide also carries away the photoresist,
or the photoresist residue, and remaining stripper  chemical from the
surface of the wafer. Thus, it is possible to use the small amount of the
stripper chemical to perform the stripping process and to also carry away
remaining chemicals and residue. The preferred embodiment of the present
invention is illustrated in Fig. 1.. A wafer  with the photoresist or the
photoresist residue is placed in a pressure chamber in a first  process
step 220. The pressure chamber is sealed and pressurized with
carbon.dioxide in a  second process step 222. As pressure inside the
pressure chamber increases, the carbon  dioxide becomes liquid and then
reaches supercritical temperature and supercritical pressure.  Typical
process conditions .range from 20 to 70 C and from 1,050 to 6,000 psig.
When desired process conditions are reached, the small amount of the
stripper  chemical is introduced into a supercritical carbon dioxide stream
and thus added into the  pressure chamber in a third process step 224. A
volume ratio of the stripper chemical to the  supercritical carbon. dioxide
is preferably 0.1 to 15.0 vlv %. The stripper chemical is  preferably
selected from, the group consisting N methyl pyrrolidone, monoethanol
amine, di- isopropyl amine, td-isopropyl amine, diglycol amine, hydroxyl.
amine, catechol, and a  



mixture thereof. Monoethanol amine, hydroxyl amine, and.catechol have only
marginal  utility. Processing continues with recirculation. of the
supercritical carbon dioxide and with  mixing of the supercritical carbon
dioxide and the stripper chemical within the pressure  chamber in a fourth
process. step 226. The fourth process step 226 continues until the
photoresist or the photoresist residue is removed from: the wafer,
typically from 3 to 15  minutes.. The pressure chamber is then flushed with
pure supercritical carbon dioxide or  liquid carbon dioxide to remove
traces of the remaining chemicals in a fifth process: step 228.  Finally,
the pressure chamber is vented to atmosphere and the wafer is removed in a
sixth  process step 230. An optional final process step rinses the wafer
with deionized or ultra-pure  water. Use of the supercritical carbon
dioxide in combination with the small amount of the  stripper chemical
greatly enhances the removal of the photoresist, or the photoresist
residue,  from surfaces of semiconductor devices. The amount of the
stripper chemical required to  effectively remove the photoresist or the
photoresist_ residue from the wafer is reduced  significantly by using
supercritical carbon dioxide compared to the prior art wet. chemical
stripping methods. An amount of hazardous chemical waste generated, as a
result of using the -3 14 February 2005 WO 02/15251 PCT/US00/22454
supercritical carbon. dioxide and the stripper chemical is significantly
less than the prior art  wet chemical stripping methods. The-supercritical
carbon dioxide and the stripper chemical  eliminates a need for the prior
art wet chemical. stripping methods along with using large  amounts of
chemicals and expensive wet baths. Also, the supercritical carbon dioxide
and the  stripper chemical remove traces of organic contamination from the
wafer. In a first alternative embodiment of the present invention, a small
amount of an  organic solvent is added. to the supercritical carbon dioxide
and the stripper chemical. The  organic solvent is preferably selected from
the group consisting of alcohols, ethers, and  glycols. The organic solvent
enhances removal of the traces of the organic contamination  from the
wafer. Fig. 2 is a fragmentary cross-sectional view of a pre-processed
semiconductor wafer  10 supporting a variety of layers. With reference to
Fig. 2, semiconductor wafer 10 typically  comprirnises a silicon or ceramic
substrate 12 that supports one or more metallic layers 14  that may be
protected by one or more alternating passivation or other layers 16. Layers
14  



and 16 form an elevationally varied surface 18 that is typically covered
with a resist layer 20  and subjected to a photolithographic process to
create featurs 22 (not shown to scale).  Conventional features 22, such as
vias, line widths, or ptiches, maybe as small as 0.25 lim  and smaller with
aspect ratios of of depth 24 to width 26 that. are greater than 5:1 or
greater  than or equal to 10:1. In accordance with the present invention,
resist layer 20 maybe.a remnant from a  prior lithographic or other circuit
fabrication process and may have subsequently undergone  etching, plasma
ashing, or semiconductor manufacturing steps. The resist may, therefore,
include sidewall polymer residue or carbonaceous residue left after any of
these techniques.  Alternatively resist layer 20 may be newly applied to
protect layers 14 and 16 during a  processing operation on the back side of
wafer 10, such as during marking, etching, or  grinding or as a blanket
protection during ion implantation. Thus, skilled persons will  appreciate
that wafer 10 may be partly or completely covered with a resist material,
resist  residue, or a contaminant from a subsequent process. The resist
material is typically a  positive or negative photoresist used for a
photolithographic process. Photoresist materials  include, but are not
limited to Novolak (M-Cresol formaldehyde) or etch resistant poly  coatings
such as plu isoprene, poly-(methyl isopropenyl) or etch-resistant poly
coatings such  as poly isoprene, poly-(methyl isopropenyl ketone) (PMIPK),
or polymethyl methacrylayte  (PMMA). The resist material need not be a
photoresist and may compromise any form of  resist material with or without
photosenthisizers. -4 14 February 2005 WO 02115251 PCTIUS00I22454 Fig. 3 is
a schematic diagram of a simplified resist removal system: 30 of the
present  invention, and Fig. 4 is a flow diagram of:a simplified resist
removal process 32 according to  the present invention.- With the reference
to Figs.. 3 and 4, removal process 32 is preferably  initiated by
activating heat exchanger 34 to reduce the temperature of coolant flowing
through  cold trap 36. Then, system pre-heating step 38 brings pressure
vessel 40, including wafer  chamber 42, and solvent chambers 44 and 46 to a
preferred operating temperature of 45 to 65  C prior to the arrival of
wafer 10. Skilled persons will appreciate.that the pressure vessel 40  may
alternatively be maintained at a preferred processing temerature to
facilitate throughput,  or the temperature may be gradually increased to
from ambient temperature after wafer 10  enters pressure vessel 40 to
reduce stress on wafer 10 or semiconductor devices or features 22
fabricated on wafer 10. Although electrical resistance heaters are
preferably built into the  



walls of vessel 40 and chamber 44 and 46 to perform heating step 38,
skilled persons will  appreciate that other conventionally available
heating techniques could be employed. Skilled  persons will also appreciate
that that electrical resistance tape may be wrapped around all or  some of
the connecting lines, such as line 43 between pump 92 and vessel 40 and
lines 45 and  47 between respective chambers 44 and 46 and: line 43, to
maintain the temperature of parts .  of system 30 at or near the
temperature of vessel 40 and chambers 44 and 46. Wafer placement step 48
employs manual or automatic conventional wafer handling  techniques to
place one or more wafers 10 into wafer chamber 42 in pressure vessel 40.
Wafer(s) may be oriented horizontally, or vertically and supported by
clips, electrostatic or  vacum chucks, or other methods well known to
skilled practitioners. Pressure vessel 40 may  include one or more wafer
airlocks; may comprise of a gasket-mated two-piece vessel with a
stationary portion and hydraullically raised and lowered portion, or may be
sealed by other  mechanisms. Purging step 50 that purges solvent chambers
44 and 46 and pressure vessel 40 with  fluid CO., preferably gaseous C02,
preferably begins with all valves 60, 61, 62, 64, 66, 67,  68, 70, 72, 74,
76, 78, 80, 82, 84, 86,.87,.and 88 in a closed position. CO2 tank valve 60
is  opened to allow fluid CO, 2.preferably liquid C02, to flow from CO2
tank 90 to pressure  regulating valve 61 that: ensures that the pressure is
preferably greater than 750 pounds per square inch gauge pressure above
ambient atmospheric.pressure (psig). Vent valve 62 and  pump valve 64 are
preferably sequentially opened to allow CO2 into into pump 92 and  through
vent 94. Valve 66 allows compressed air from compressed air source 96 to
reach  pressure regulating valve 67 that is set to ensure a pressure of
between 50 to 90 psig, and  preferably 60 to 80 psig. CO2 is allowed to
flow out vent 94 by cycling pump 92 for  preferably at least five seconds,
prior to preferably sequentially opening valves 68, .70, 72, -5 14 February
2005 WO 02/15251 PCT/USUO/22454 and 74 to purge solvent chamber 44; :
sequentially opening valves 76, 78, 80, and 82 to purge  solvent chamber
46; and sequentially opening valves 84, .86, 88 and 87 to purge pressure
vessel 40 through vent 98, cold trap 36 or exhaust 100. To accomplish
pressure vessel purging: step 110, valves 88, 84, 78, 82, 74, and 70 are
preferentially sequentially closed. The system pressure is then preferably
adjusted between  1,000 and 2,000 psig, and preferably between 1,000 and
1,500 psig by controlling the  pumping rate at pressure regulating valve 61
and by adjusting the back pressure regulator  



112. Back pressure regulator 112 is positioned between pressure vessel 40
and exhaust. 100 .  and allows line 113 to be depressurized to ambient
atmospheric pressure. The CO2 system  flow is also preferably set to
between 0.5 and, 20 liters per minute (LPM), and more  preferably between 3
to 6 LPM. After valves 70, 74, 78, and 80:are closed, solvents can be
introduced in solvent  chambers 44 and 46 through respective valves 72 and
80 to accomplish: solvent chamber  filling up step 114.: Valves 72 and 80
are subsequently closed before valves 74 and 82 are  opened to allow
solvent loops 116: and 118 to achieve the instantaneous system pressure.
Skilled persons will appreciate that step 114 can be performed any time
after step 50 and  before step 122 with the proper sequence of valve
control. Pressurizing system step 120 involves increasing the pressure of
CO2 in the system to  between 2,000 and 6,000 psig, more preferably between
2,500 and 4,500 psig, and most  preferably between 3,000 and 3,500 psig by
adjusting back pressure valve 112. Other  generally preferred conditions
for the resist removal process of the present invention range  from 10 to
80C and 750 to 6000 psig, and preferably from 40 to 70C and 1050 to 4500
psig.  When the desired conditions are reached, valve 70 is opened and
valve 68 is closed in solvent  introduction step 122 to force the CO2
stream to flow through solvent loop 116 and solvent  chamber 44 to
introduce a small amount of one or more chemicals into-the supercritical
CO2  stream and into pressure vessel 40. The CO2 flow rate may be reduced
to 0.5 LPM, for  example, to increase the chemical residence time in
pressure vessel 40. In asecond alternative embodiment, the preferred types
of chemicals include: N- Methyl Pyrrolidone (NAP), diglycol amine, hydroxyl
amine, tertiary amines, catechol,  ammonium fluoride, ammonium bifluoride,
methylacetoacetamide, ozone, propylene glycol  monoethyl ether acetate,
acetylacetone, dibasic esters, ethyl lactate, CBF3, BF3, other fluorine
containing chemicals, or a mixture of any of the above chemicals.
Optionally, one or more of  these chemicals or mixture of chemicals may be
introduced into into system 30 as described  above from the same:or a
different solvent chamber(s) 44 and 46. Other chemicals such as an  organic
solvent may be used independently or added to one or more of the above
chemicals to -6 14 February 2005 WO 02/15251 PCT/US00/22454 remove organic
contaminants from the wafer surface.. The organic solvent may include, for
example, and alcohol, ether, and/or glycol, such as acetone, diacetone
alcohol, dimethyl  sulfoxide (DMSO), ethylene glycol, methanol, ethanol,
propanol, or isopropanol (IPA).  



Although convetionally large amounts of chemicals or mixtures of chemicals
in an amount  the is less than 15% vjv,,, where v, is the liquid volume of
the chemical and v, is the volume  of pressure vessel 40. Preferably less
than a few millimeters of chemicals are employed for  each resist removal
step 130; however, larger. amounts can be used. Resist removal step 130
allows the supercritical C02 to cagy the solvents into  pressure vessel 49
and into contact with the resist, residue, or other contaminants on wafer
10.  The supercritical CO2 can be recirculated through recirculation loop
133 to pressure vessel 49  until resist layer 20 is removed. Cold trap 36
removes chemicals from the depressurized CO2 gas in line 113, and heat
exchanger 34 along loop 133 cools the CO2 to a liquid before it  reaches
pump 92. Resist removal step 130 is accomplished in preferably ten seconds
to 15  minutes, and more preferably from 30 seconds to ten minutes, and
most preferably from 30  seconds to three minutes. Valves 70 and 74 are
closed and valve 68 is opened to bypass  solvent chamber 44 for closing
solvent chamber step 132.. In a third alternative embodiment, a second set
of solvent introduction, resist removal,  and closing solvent chamber steps
122, 130, and 132 are performed in connection with  solvent chamber 46.
Valve 78 in opened and valve 76 is.closed to force the CO2 stream to  flow
through loop 118 and chamber 46 to .introduce a second chemical or group of
chemicals  into the CO2 stream and into pressure vessel 40. The second
resist removal -step 130 may  employ the same or different chemical(s)
employed in the first removal step 130 and and may  be conducted for a same
or different time period. Then valves 82 and 78 and closed and  valve 76 is
opened to bypass solvent chamber 46. In a fourth alternative embodiment,
valve  136 is closed and valve 87 is open, and each set of steps 122, .130
and.132 is performed in ten  seconds to one minute without solvent
recirculation. A 2.5 pm-thick resist layer 20 can be  removed from the
surface of an 6", 8" or 300 mm diameter wafer 10 with two removal steps
130 of less than 30 seconds each. Thus, each wafer 10 or group of wafers 10
can be  processed in less than one minute. Pressure vessel 40 is then
flushed for five to thirty seconds, with supercritical CO2  and/or liquid
CO2 to remove all traces of remaining chemicals. Finally, presure vessel 40
is  depressurized in step 134 by closing valves 66 and 60 and opeing valves
62, 74, 82, 84 and  87 to vent the system atmosphere. Skilled persons will
apreciate that system 30 preferably includes one directional check  values
142, 144, 146, 148, 150, and 151 to ensure the direction of flow indicated
in the flow -7 14 February 2005 



WO 02/15251 PCT1U500122454 lines of Fig. 3. Skilled persons will also
appreciate that system 30 preferably includes  pressure gauges 152, 154,
156, 158, 160, 162, and 164 that may be monitored so that pump  92 or back
pressure regulating values may be adjusted manually or by computer as
needed. Fig. 5 is a fragmentary cross section view showing wafer 140
following step 134  without resist layer 20. For convenience; certain
features of Fig. 5 that correspond to features  of Fig. 2 have been
designated with the same reference numbers. With reference to Fig. 5,
wafer(s) 140 are then preferably removed and rinsed with deionized (Dl) or
ultra pure water  to finish the cleaning process. Fig. 6 presents a table
showing a few examples of tests performed to remove  photoresist from .4
wafer 10.: Electron micrographs of wafers .10 subjected to these trials
exhibited surface of resulting stripped wafers 140 that were substantially
free of photoresist or  its residue. Skilled persons will appreciate. that
the method of the present invention eliminates the  requirement for a
carbonizing or asking process prior to resist removal, substantially
reducing  the cost, equipment, and process time conventionally needed for
resist removal. Skilled persons will also appreciate that the method of the
present invention  outperforms conventional resist removal processes to the
extent that it eliminates the need for  a conventional post-stripping
cleaning step such as a "piranha" bath employing hazardous  chemicals.
Furthermore, the relatively small amount of chemicals utilized by the
method of  the present invention offers tremendous cost savings over
conventional techniques and  chemical baths. Finally, the method of the
present invention facilitates-increased wafer  throughput. It will be
readily apparent to one skilled in the art that other various modifications
may be made to the preferred embodiment without departing from thespirit
and scope of the  invention as defined by the appended claims. 8 14
February 2005 WO 02/15251 PCT1US00122454 CLAIMS 1. A method of removing a
material selected from the group consisting of a  photoresist, a
photoresist residue, and. a combination thereof from a surface of a
semiconductor substrate comprising the steps of. a. 



placing the semiconductor substrate with the material on the. surface of
the semiconductor substrate within a pressure chamber; pressurizing the
pressure chamber; introducing sup ercritical.carbon dioxide and a. stripper
chemical into the pressure chamber; d. mixing the supercritical carbon
dioxide and the stripper chemical  within the pressure chamber until the
material is removed from the  semiconductor substrate; and C. flushing the
pressure chamber. 2. The method of claim 1 wherein the stripper chemical is
.selected from the  group consisting of N-methyl pyrrolidone, di-isopropyl
amine, tri-isopropyl amine,  diglycol amine, and a mixture thereof. The
method of claim 1 wherein a volume ratio of the stripper chemical to the
supercritical carbon dioxide is within the range and including 0.1 to 15.0
%o. 4. The method of claim 1 further comprising the step of adding an
organic  solvent to the supercritical carbon dioxide and the stripper
chemical within the  pressure chamber. 5. The method of claim 4 wherein the
organic solvent is chosen from the group  consisting of alcohols, ethers,
and glycols. 6. The method of claim 1 wherein the photoresist residue is,
forme 'in a plasma  asking process. The method of claim 1 wherein the
photoresist residue is formed in a plasma  etching process. 9 14 February
2005 WO 02/15251 PCT/US00/22454 8. A method of removing a material selected
from the group consisting of a  photoresist, a photoresist residue, and a
combination thereof from. a surface of a  semiconductor substrate
comprising the steps o a. introducing supercritical carbon dioxide and a.
stripper chemical to the  semiconductor substrate with -the material on the
surface of the. semiconductor  substrate; b. maintaining the supercritical
carbon dioxide and the stripper chemical  in contact with the semiconductor
substrate until the material is removed; and  



G. removing the supercritical carbon dioxide and the stripper chemical from
contact with the semiconductor substrate. 9. The method of claim. 8 wherein
the stripper chemical is selected from the  group consisting of N -methyl
pyrrolidone, di-isopropyl amine, tri-isopropyl amine,  diglycol amine, and
a mixture thereof. 10. The method of claim 8 wherein a volume ratio of the
stripper chemical to the  supercritical carbon dioxide is within the range
and including 0.1 to 15.0 %. 11. The method of claim 8 further comprising
the step of adding an organic  solvent to the supercritical canon dioxide
and the stripper chemical within the  pressure chamber. 12. The method of
claim 1. wherein the organic. solvent is. chosen from the group  consisting
of alcohols,. ethers, and glycols. 13. The method of claim 8 wherein the
photoresist residue is formed in a plasma  ashing process. 14. The method
of claim. 8 wherein the photoresist residue is formed in a plasma  etching
process. 15. A method of processing a semiconductor wafer having a surface
supporting  material, the material selected from the group consisting of a
resist, a resist residue,  and a combination thereof, the method comprising
the steps of. 10 14 February 2005 WO 02/15251 PCT/USO0/22454 a. exposing
the material to supercritical CO2 in combination with a first  solvent, the
first solvent being selected from the group consisting ofn-methyl
pyrrolidone, di-isopropyl amine, tri-isopropyl amine, diglycol amine,
hydroxyl  amine, and a mixture thereof; and b. maintaining the
supercritical carbon dioxide and the first solvent in  contact with the
material until substantially all of the material has been  removed from the
surface of the wafer. 16. The method of claim 15 further comprising the
steps of:  a. heating a process chamber; b. placing the wafer having the
surface supporting material in the process  chamber prior to exposing the
material to the supercritical-:carbon dioxide; c. pressurizing the process
chamber with CO2 prior to exposing the  



material to the supercritical carbon dioxide and the first solvent; and d..
flushing the-process chamber with the supercritical CO2 subsequent to
exposing the material to the supercritical CO2 and the first solvent in
order to  remove the material and the first solvent from the process
chamber. 17. The method of.claim 16 wherein the process chamber is
pressurized to a  pressure between about 1050 and 6000 psig. 18. The method
of claim 17 wherein the process chamber is pressurized to a  pressure
between about 2500 and 4500 psig. 19. The method of claim 17 wherein the
process chamber is heated to a  temperature between about 20 and 80T. 20.
The method of claim 19 wherein the process chamber is heated to a
temperature between about 46 and 70 C. 21. The method of claim 16 wherein
the process chamber is.heated to a  temperature greater than about 46 C and
less than about 80 C. 22. The method of claim 15 wherein a ratio of the
first solvent to the combination  of the supercritical CO2 and the first
solvent is less than 15% by volume. 11 14 February 2005  WO 02/15251
PCT/US00/2245 t 23. The method of claim 15 further comprising the step
of.a.dding a second solvent  to the combination of the supercritical"CO2
and the first solvent. 24. The method of claim 23 wherein a ratio of the
first and. second solvents to the  combination of the supercritical carbon
dioxide and the first and second solvents is  less than 15% by volume. 25.
The method of claim 15 further comprising the step of removing organic
contaminants from the wafer surface. 26. The method of claim 25 further
comprising the step of adding an organic  solvent to the combination of the
supercritical C02 and the first zolvent. 27. The method of claim 26 wherein
the organic solvent is selected from the group  consisting of alcohols,
ethers, and glycols. 28. The method of claim 15 wherein a time period for
maintaining the  supercritical CO2 and the first solvent in contact with
the wafer having the surface  supporting material is between 10 seconds
and: 15 minutes. 29. The method of claim 28 wherein the time period is
less-than about 5 minutes. 



30. The method of claim 29 wherein the time period is less than about one
minute. 31. The method of claim 16 further comprising the step of adding
liquid CO2 to  the pressure chamber subsequent to pressurizing the process
chamber with the CO2  and prior to introducing the supercritical CO2 and.
the first. solvent to the pressure  chamber. 32. The method of claim 16
wherein the wafer is placed in the process chamber  prior to heating the
process chamber. 33. The method of claim 15 wherein the wafer surface
includes feature sizes of  less than 0.5 m. -12 14 February 2005 WO
02/15251 ACT/US00/22454 34. The method of claim 15 wherein the wafer
surface includes one or more vias  having a depth to, diameter aspect ratio
that is greater than 5:1. 35. The method of claim 15 wherein a thickness of
the material is greater than 1.5  m. 36. The method of claim 15. wherein
the material comprises a photoresist. 37. The method of claim 15 wherein
the material comprises a photoresist residue.  38. The method of claim .15
further. comprising the step of adding a 3 to 6carbon  dione to the
combination of the supercritical CO2 and the first solvent. 39. The method
of claim 3 8 wherein the first solvent includes the n-methyl  pyrrolidone.
40. A method of processing a semiconductor wafer having a. surface
supporting  material, the material selected from the group consisting of a
resist, a resist residue,  and a combination thereof, the method comprising
the steps of: a. exposing the material to supercritical CO2 in combination
with a first  solvent at a pressure greater than or equal to 1;050 psig and
less than or equal  to 6,000 psig, the first solvent being selected from
the group consisting of n- methyl pyrrolidone, di-isopropyl amine,
tri-isopropyl amine, diglycol amine,  hydroxyl amine, and a mixture
thereof; and b. maintaining the supercritical carbon dioxide and the first
solvent in  contact with the material until substantially all of the
material has been  removed from the surface of the wafer. 41. A method of
processing a semiconductor wafer having a surface supporting  



material, the material selected from the group consisting of a resist, a
resist residue,  and a combination thereof, the method comprising the steps
of: a. exposing the material to supercritical CO2 in combination with a
first  solvent at a temperature greater than or equal to 46 C and less than
or equal to  80 C, the first solvent being selected from the group
consisting of n-methyl -13 14 February 2005 WO 02/15251 PCT/USOO/22454
pyrrolidone, di-isopropyl amine, tri-isopropyl amine, diglycol amine,
hydroxyl  amine, and a mixture thereof; and maintaining the
supercritical..carbon dioxide and the first solvent in  contact with the
material until substantially all of the material has been  removed from the
surface of the wafer. 42. A method of processing a semiconductor wafer
having a surface supporting  material, the material selected from the
group: consisting of a resist, a resist residue,  and a combination
thereof, the method comprising the steps of: a. exposing the material to
supercritical CO2 in combination with n- methyl pyrrolidone; and b.
maintaining the supercritical carbon dioxide and the n-methyl  pyrrolidone
in contact with the material until substantially all of the material  has
been removed from the surface of the wafer. 43. The method of claim 42
wherein a ratio of the n-methyl pyrrolidone to the  combination of the
supercritical carbon dioxide and the n-methyl pyrrolidone is  between 0.1
and 15% o by volume. 


