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(57) ABSTRACT 

In one aspect, the invention includes a method of treating a 
surface of a substrate. A mixture Which comprises at least a 
frozen ?rst material and liquid second material is provided 
on the surface and moved relative to the substrate. In another 
aspect, the invention encompasses a method of treating a 
plurality of substrates. A treating member is provided proxi 
mate a ?rst substrate, and an initial layer of froZen material 
is formed over a surface of the treating member. A surface 
of the ?rst substrate is treated by moving at least one of the 
treating member and the ?rst substrate relative to the other 
of the treating member and the ?rst substrate. After the 
surface of the ?rst substrate is treated, the initial layer of 
froZen material is removed from over the surface of the 
treating member. The treating member is then provided 
proximate another substrate, and the surface of the other 
substrate is treated by moving at least one of the treating 
member and the second substrate relative to the other of the 
treating member and the second substrate. 
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SEMICONDUCTIVE SUBSTRATE CLEANING 
SYSTEMS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This patent application is a Continuation Applica 
tion of US. patent application Ser. No. 10/832,764 ?led Apr. 
26, 2004, entitled “Methods of Treating Surfaces and Sub 
strates”, Which is a Divisional Application of US. patent 
application Ser. No. 09/389,290 ?led Sep. 2, 1999, entitled 
“Methods of Treating Surfaces of Substrates”, naming Scott 
E. Moore and Trung Tri Doan as inventors, the disclosure of 
Which are hereby incorporated herein by reference. 

TECHNICAL FIELD 

[0002] The invention pertains to methods of treating sur 
faces of substrates, such as, for example, methods of pol 
ishing and cleaning substrate surfaces. In particular aspects, 
the invention pertains to methods of polishing and/ or clean 
ing surfaces of semiconductive material Wafers. 

BACKGROUND OF THE INVENTION 

[0003] It is frequently desired to treat substrate surfaces 
during fabrication of semiconductive material Wafers. 
Exemplary processes include procedures Whereby surfaces 
of semiconductor substrates are cleaned and/or polished. To 
aid in interpretation of the claims that folloW, the terms 
“semiconductor substrate” and “semiconductive substrate” 
are de?ned to mean any construction comprising semicon 
ductive material, including, but not limited to, bulk semi 
conductive materials such as a semiconductive Wafer (either 
alone or in assemblies comprising other materials thereon), 
and semiconductive material layers (either alone or in 
assemblies comprising other materials). The term “sub 
strate” refers to any supporting structure, including, but not 
limited to, the semiconductive substrates described above. 
An exemplary semiconductive substrate is a Wafer of 
monocrystalline silicon. 

[0004] Among the methods of polishing a semiconductive 
material surface is chemical-mechanical polishing. Chemi 
cal-mechanical polishing is accomplished by providing a 
slurry of liquid and solid particulates over a Wafer and 
mechanically abrading the Wafer surface With the slurry. 
(The liquid can comprise, for example, an aqueous solution 
having ammonium ions therein, and the solid particulates 
can comprise, for example, silicon slurry particulates and/or 
cesium slurry particulates.) The mechanical abrasion can be 
accomplished by providing a polishing pad above the Wafer 
surface and spinning one or both of the Wafer and the pad to 
cause the Wafer surface to be moved relative to the polishing 
pad. A problem that can occur during polishing of a Wafer 
surface is in removal of the particulates from over the 
surface at the termination of the polishing process. Particu 
lates that are not removed from over the Wafer can cause 

damage to electrical devices formed over the Wafer. 

[0005] Several procedures have been developed to assist 
in cleaning particulates from a Wafer surface. Among the 
procedures is to ?ush a liquid over the Wafer surface While 
mechanically agitating the liquid With a cleaning member. 
Such cleaning member can comprise, for example, a brush 
or a polishing pad. The agitation of the liquid can help to 
dislodge particles from the Wafer surface. Another method 
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Which has been utiliZed to clean a Wafer surface is to project 
solid particles against the Wafer surface. In one application, 
solid particles of carbon dioxide (CO2) are ejected against a 
semiconductive material surface to dislodge particles from 
the surface. An advantage of utiliZing solid CO2 is that the 
material can be sublimed from the semiconductive material 
surface to enable easy removal of the material. 

[0006] It Would be desirable to develop alternative meth 
ods for cleaning and/or polishing substrates. It Would be 
particularly desirable to develop alternative methods for 
polishing and/or cleaning semiconductive material sub 
strates, such as, for example, monocrystalline silicon Wafers. 

SUMMARY OF THE INVENTION 

[0007] In one aspect, the invention includes a method of 
treating a surface of a substrate. A mixture Which comprises 
at least a froZen ?rst material and a liquid second material is 
provided on the surface and moved relative to the substrate. 

[0008] In another aspect, the invention encompasses a 
method of treating a plurality of substrates. A treating 
member is provided proximate a ?rst substrate, and an initial 
layer of froZen material is formed over a surface of the 
treating member. A surface of the ?rst substrate is treated by 
moving at least one of the treating member and the ?rst 
substrate relative to the other of the treating member and the 
?rst substrate. After the surface of the ?rst substrate is 
treated, the initial layer of froZen material is removed from 
over the surface of the treating member. The treating mem 
ber is then provided proximate another substrate, and the 
surface of the other substrate is treated by moving at least 
one of the treating member and the second substrate relative 
to the other of the treating member and the second substrate. 

[0009] In yet another aspect, the invention encompasses a 
method of treating a surface of a semiconductive material 
Wafer. A treating member having a substantially planar 
surface is provided, and a layer of froZen material is formed 
over the substantially planar surface. A surface of a semi 
conductive material Wafer is contacted With the layer of 
froZen material, and at least one of the treating member and 
the Wafer is removed relative to the other of the treating 
member and the Wafer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Preferred embodiments of the invention are 
described beloW With reference to the folloWing accompa 
nying draWings. 

[0011] FIG. 1 is a diagrammatic vieW of a substrate 
surface treatment apparatus encompassed by the present 
invention. 

[0012] FIG. 2 is a diagrammatic vieW of another embodi 
ment substrate surface treatment apparatus of the present 
invention. 

[0013] FIG. 3 is a diagrammatic vieW of yet another 
embodiment surface treatment apparatus of the present 
invention, shoWn at a preliminary step prior to providing a 
substrate proximate the apparatus. 

[0014] FIG. 4 is a vieW of the FIG. 3 apparatus, shoWn at 
a step subsequent to that of FIG. 3, and shoWn having a 
substrate proximate the apparatus. 
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[0015] FIG. 5 is a vieW of the FIG. 3 apparatus shown at 
a step subsequent to that of FIG. 4. 

[0016] FIG. 6 is a diagrammatic vieW of yet another 
substrate surface treatment apparatus encompassed by the 
present invention. 

[0017] FIG. 7 is a diagrammatic vieW of yet another 
substrate surface treatment apparatus encompassed by the 
present invention. 

[0018] FIG. 8 is a diagrammatic vieW of yet another 
substrate surface treatment apparatus encompassed by the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the US. Patent 
LaWs “to promote the progress of science and useful arts” 
(Article 1, Section 8). 

[0020] The invention encompasses methods of treating 
substrate surfaces With froZen solids. In particular embodi 
ments, the invention encompasses methods of cleaning 
and/or polishing semiconductive material Wafer surfaces, 
such as, for example, methods of cleaning and/or polishing 
monocrystalline silicon Wafer surfaces. Several different 
aspects of the invention are described beloW With reference 
to FIGS. 1-8. In one aspect, a substrate is cleaned and/or 
polished by freezing a liquid to a surface of a treating device 
(such as, for example, a roller or platen) and contacting the 
substrate to be cleaned or polished With the froZen liquid 
While applying a mechanical action. After the substrate has 
been processed, the froZen liquid is mechanically removed, 
melted or vaporiZed. A neW layer of froZen material can then 
be reapplied to the treating device prior to processing 
another substrate With the treating device. In another aspect, 
a substrate is sprayed or rinsed With a mixture comprising a 
froZen material and a liquid (of course the mixture can 
comprise materials other than the froZen material and the 
liquid, such as, for example, silicon slurry particles, ammo 
nium ions, and/or cesium slurry particles). In yet another 
aspect, a substrate is submerged Within a mixture comprising 
a froZen material and a liquid, and agitated therein. In yet 
another aspect, the invention encompasses a method of 
cleaning and/or polishing Wherein froZen particles are 
injected into a cold ?uid stream Which is subsequently 
?oWed directly onto a substrate. 

[0021] As Will become apparent from the embodiments 
discussed beloW, several aspects of the invention comprise 
changing materials from one state of matter to another, such 
as, for example, from a solid state of matter to a liquid state 
of matter. Such phase changes can be accomplished by 
subjecting the materials to one or both of a change in 
temperature or a change in pressure. 

[0022] A ?rst aspect of the invention is described With 
reference to FIG. 1, Which illustrates a ?rst embodiment 
cleaning apparatus 10. Apparatus 10 comprises a platen 12 
having a layer 14 of froZen material formed thereon. Layer 
14 can comprise, for example, CO2, or H20, and can be 
formed by spraying a liquid onto a cooled platen 12. 
Speci?cally, platen 12 can be cooled to beloW a freeZing 
temperature of the material of layer 14, and layer 14 can be 
applied to platen 12 as a liquid Which subsequently freeZes 
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to form the froZen layer 14 over platen 12. An upper surface 
15 of layer 14 is referred to as a “treating” surface, as such 
Will be utiliZed to treat a substrate surface. 

[0023] In the shoWn embodiment, a liquid layer 16 is 
formed on treating surface 15, and accordingly over froZen 
material layer 14. Liquid layer 16 can comprise the material 
of layer 14, or can comprise a different material. Liquid layer 
16 can result from surface melting of layer 14, or can be 
formed by applying a liquid over layer 14. In particular 
embodiments, layer 16 Will comprise a liquid With a loWer 
freeZing temperature than the material of layer 14 such that 
the material of layer 16 remains a liquid at temperatures 
Which freeZe the material of layer 14. For instance, layer 16 
can comprise glycol in embodiments Wherein layer 14 
comprises H20. 

[0024] Apparatus 10 further comprises a carrier 18 con 
?gured to receive and support a substrate. A substrate 20 is 
shoWn supported by carrier 18. Substrate 20 can comprise, 
for example, a semiconductive material Wafer, such as, for 
example, a Wafer of monocrystalline silicon. In operation, 
substrate 20 is loWered to contact one or both of froZen layer 
14 and liquid layer 16. Subsequently, at least one of platen 
12 and substrate 20 is moved relative to the other of platen 
12 and substrate 20 to cause layer 14 to move relative to a 
surface 22 of substrate 20. 

[0025] In the shoWn embodiment, cleaning member 12 
comprises a substantially planar surface 24 upon Which 
froZen material layer 14 is formed. Also in the shoWn 
embodiment, surface 22 of substrate 20 is substantially 
planar. Surface 22 has a peripheral edge 26 extending around 
it. In particular applications, substrate 20 is a Wafer having 
a circular shape. In such embodiments, periphery 26 also 
comprises a circular shape. In the exemplary shoWn embodi 
ment, planar surface 24 of cleaning member 12 extends 
outWardly beyond peripheral 26 on all sides of surface 22 of 
substrate 20. Such enables an entirety of surface 22 to be 
uniformly polished When Wafer 20 is brought into contact 
With froZen layer 14 and moved relative to froZen layer 14. 

[0026] Platen 12 can be referred to as a cleaning member. 
In particular embodiments of the invention, cleaning mem 
ber 12 can be replaced With other devices besides a platen, 
such as, for example, a roller. 

[0027] It is noted that liquid layer 16 is optional in 
methods of the present invention, but can provide an advan 
tage in removing contaminants from over froZen surface 14. 
Speci?cally, treating member 12 and froZen layer 14 can 
together be considered a mechanical treating device Which 
imparts energy to surface 22 of substrate 20. The rigidity of 
structures 12 and 14 enables such structures to impart 
signi?cant energy to surface 22, but such rigid structures are 
poor for carrying contaminants aWay. Liquid 16, hoWever, 
has preferred qualities for removing contaminants from 
betWeen surface 22 and layer 14. Accordingly, in a preferred 
application of the present invention, treating member 12 and 
froZen layer 14 are utiliZed to impart energy to surface 22, 
and ?uid 16 is ?oWed across surface 14 to continuously 
remove contaminants from betWeen layer 14 and surface 22. 

[0028] The method described above With reference to 
FIG. 1 treats surface 22, and can be utiliZed, for example, to 
polish surface 22 and/or to clean particulates from surface 
22. 
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[0029] After surface 22 has been treated, substrate 20 can 
be removed from apparatus 10, and replaced With another 
substrate Which is to be treated. In particular embodiments, 
treating surface 15 is cleaned prior to providing another 
substrate Within apparatus 10. Such cleaning can remove 
contaminants from treating surface 15, and accordingly 
alleviate cross contamination betWeen different Wafers 
treated Within apparatus 10. The utiliZation of froZen mate 
rial 14 can simplify cleaning of treating surface 15. Speci? 
cally, material 14 can be simply melted and removed from 
over surface 24 of treating member 12 by, for example, 
?ushing melted material 14 off from surface 12. The melted 
material 14 Will carry With it contaminants that had been 
associated With surface 15. Subsequently, a neW layer 14 can 
be froZen on top of treating member 12, to form a neW, clean, 
and substantially planar treating surface 15. The melted 
material of layer 14 can be subjected to a puri?cation 
process, such as, for example, ?ltration or distillation, and 
subsequently reutiliZed to form a froZen layer over cleaning 
member 12. 

[0030] Of course other methods, besides melting, can be 
utiliZed to remove at least a portion of froZen material 14 
from over treating member 12. Such other methods include, 
for example, mechanically removing material of surface 15 
from over member 12, by, for example, scraping or chipping. 
In particular embodiments, only a thin portion of froZen 
material 14 comprising surface 15 is removed, and the 
remaining portion of froZen material 14 is utiliZed in clean 
ing a subsequent Wafer substrate. 

[0031] Another embodiment of the invention is described 
With reference to FIG. 2. FIG. 2 illustrates an apparatus 30 
con?gured for treating a surface. Apparatus 30 comprises a 
treating member 32 Which, in the shoWn embodiment, 
comprises a polishing pad 34. It is to be understood, hoW 
ever, that treating member 32 can comprise other forms, 
such as, for example, a brush. 

[0032] Apparatus 30 further comprises a substrate holder 
36, Which in the shoWn embodiment is holding a substrate 
38. Substrate 38 can comprise, for example, a semiconduc 
tive material Wafer, such as, for example, a monocrystalline 
silicon Wafer. Substrate 38 comprises a surface 40 Which is 
to be treated. The treatment can comprise, for example, 
polishing and/or cleaning of surface 40. Amixture of froZen 
?rst material 42, and liquid second material 44 is provided 
on surface 40 of substrate 38. The ?rst material of froZen 
?rst material 42 and the second material of liquid material 44 
can comprise the same material. In aspects in Which the 
froZen material and liquid material comprise the same 
material, the mixture of materials 42 and 44 can be referred 
to as a slurry. In one aspect, the froZen material and liquid 
material can both comprise CO2. In another aspect, the 
froZen material and liquid material can both comprise H2O. 
In further aspects, the froZen material and liquid material can 
both consist essentially of CO2, or H20. 

[0033] Liquid material 44 can also differ from solid mate 
rial 42. In aspects in Which the froZen material and liquid 
material comprise the different materials, the mixture of 
materials 42 and 44 can be referred to as a suspension. In 
such other aspects, the liquid material 44 can comprise a 
loWer freeZing point than the solid material 42. For instance, 
solid material 42 can comprise H20, and liquid material 44 
can comprise glycol. Alternatively, liquid material 44 can 
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comprise a higher freeZing point than solid material 42. For 
instance, liquid material 44 can comprise H20 and solid 
material 42 can comprise C02. 

[0034] In embodiments in Which liquid material 44 and 
solid material 42 comprise the same material, the mixture of 
solid material 42 and liquid material 44 can be formed by 
providing a liquid consisting essentially of such material, 
and cooling the liquid to about a freeZing point temperature 
of the material. At such temperature, there Will be an 
equilibrium betWeen a liquid form of the material and a solid 
form of the material. 

[0035] In embodiments in Which the material of liquid 44 
differs from the material of solid 42, and in Which the 
material of solid 42 has a higher freeZing point than the 
material of liquid 44, the mixture of solid material 42 and 
liquid material 44 can be formed by, for example, forming 
and cooling a liquid blend of the materials that are ultimately 
to be incorporated into solid 42 and liquid 44. Speci?cally, 
the liquid blend is cooled to a temperature betWeen the 
freeZing point of the material of solid 42 and the freeZing 
point of the material of liquid 44. At such temperature, solid 
42 Will form, and the material of liquid 44 Will remain liquid. 
In an exemplary embodiment, the liquid blend Will comprise 
a blend of liquid H20 and glycol, and the mixture of solid 
42 and liquid 44 Will be formed by cooling the blend to a 
temperature beloW the freeZing point of Water (0° C.) and 
above the freeZing point of glycol. 

[0036] Liquid 44 and froZen solid 42 are provided betWeen 
substrate 38 and treating member 34. Subsequently, member 
34 is utiliZed to move the mixture of materials 44 and 42 
relative to surface 40 of substrate 38. Such moving can be 
accomplished by moving one or both of substrate 38 and 
cleaning member 32. The movement of materials 44 and 42 
relative to surface 40 can cause cleaning and/or polishing of 
surface 40. For instance, pad 34 can be utiliZed to push the 
mixture of solids 42 and liquid 44 along surface 40. Solids 
42 can be utiliZed to impart mechanical energy to surface 40 
for dislodging contaminants from the surface, or, in particu 
lar applications, for polishing the surface, and liquid 44 can 
be utiliZed for ?ushing the dislodged contaminants aWay 
from surface 40. 

[0037] After the mixture of liquid 44 and solids 42 has 
been moved relative to surface 40, such mixture can be 
removed from the surface. The mixture can be removed by 
?ushing the mixture off from surface 40 With additional 
liquid 44. During or after removal of the mixture from 
surface 40, solids 42 can be melted or sublimed to convert 
the froZen material from a solid state of matter to another 
state of matter (i.e., to a gas if the solid is sublimed, and to 
a liquid if the solid is melted). If the solid is melted, a liquid 
Will be formed comprising materials of solids 42 and liquid 
44. Such liquid can be a blend if solids 42 comprised a 
different material than that of liquid 44, or can comprise a 
single material if solids 42 and liquid 44 comprised common 
materials. In any event, the liquid formed after melting 
solids 42 can be subjected to a puri?cation process, such as, 
for example, ?ltration or distillation. The liquid can then be 
subjected to conditions Which reform the froZen solids 42 
Within liquid 44. Such conditions can comprise, for 
example, cooling the liquid to a temperature Which causes 
the material of solids 42 to freeZe. After solids 42 are 
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reformed Within liquid 44, the mixture of solids 42 and 
liquid 44 can be re-utilized to clean and/or polish substrate 
surfaces. 

[0038] Another embodiment of the invention is described 
With reference to FIGS. 3-5. Referring to FIG. 3, an 
apparatus 50 comprises a substrate treating member 52 and 
a substrate holder 54. Substrate cleaning member 52 is 
shoWn in the form of a brush, and comprises bristles 56 
extending from a rotatable member 58. Rotatable member 
58 is con?gured to rotate in a direction indicated by arroW 
60 and to accordingly spin bristles 56 relative to a substrate 
held Within holder 54. 

[0039] Referring to FIG. 4, a substrate 62 is provided on 
holder 54 to be supported by holder 54. Additionally, a layer 
of frozen material 64 is formed over bristles 56, and cleaning 
member 52 is subsequently positioned proximate substrate 
62 such that frozen material 64 contacts a surface 66 of 
substrate 62. In operation, rotatable member 58 is rotated to 
spin bristles 56 relative to surface 66 and accordingly to 
brush surface 66 With frozen material 64. Contaminants on 
surface 66 are displaced by the mechanical action of frozen 
material 64, resulting in cleaning of surface 66. 

[0040] Frozen material 64 can comprise, for example, 
H2O or CO2, or can consist essentially of, for example, H2O 
or CO2. Frozen material 64 can be formed by providing a 
liquid over bristles 56 and subsequently cooling bristles 56 
to a temperature beloW the freezing temperature of the 
liquid. In one aspect, frozen material 64 can be formed on 
bristles 56 by providing a liquid material over substrate 
surface 66 (i.e., betWeen the substrate surface and the 
bristles), cooling the bristles to beloW a freezing temperature 
of the liquid, and rotating the bristles to freeze the material 
onto the bristles. 

[0041] After surface 66 is cleaned, frozen material 64 can 
be removed from bristles 56 by melting or subliming mate 
rial 64, or alternatively by scraping material 64 from bristles 
56. In applications Wherein material 64 is scraped from 
bristles 56, the material can be subsequently melted. Once 
material 64 is melted, Whether directly melted from bristles 
56 or scraped from bristles 56 and subsequently melted, such 
material can be subjected to a puri?cation process, such as, 
for example, distillation or ?ltration, to remove contami 
nants from the melted material. The puri?ed material can 
then be re-frozen on a cleaning member and utilized again 
in a process such as that described With reference to FIG. 4. 
Accordingly, in one aspect of the invention, frozen material 
64 is utilized to clean a surface of substrate 62 and is 
subsequently converted from a solid phase to another state 
of matter. Such other state of matter can comprise, for 
example, a liquid, Which is subsequently puri?ed and then 
converted back to the solid phase to be utilized for cleaning 
a surface of another substrate. 

[0042] It is noted that substrate 62 can comprise, for 
example, a semiconductive material Wafer fragment, such 
as, for example, a monocrystalline silicon Wafer. It is also 
noted that a process of the type described With reference to 
FIG. 4 can be utilized to clean a Wafer after previous 
processing steps that form particulates on the Wafer. An 
exemplary process Which Would form particulates on the 
Wafer is chemical-mechanical polishing. Accordingly, a pro 
cess of the present invention can be utilized to clean a 
semiconductive material Wafer after the Wafer has been 
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subjected to chemical-mechanical polishing conditions. Fur 
ther, in applications in Which the methodology described 
With reference to FIGS. 3 and 4 is utilized to clean a 
plurality of substrates, each of the substrates that is cleaned 
can be subjected to chemical-mechanical polishing condi 
tions before the cleaning. 

[0043] A further aspect of the embodiment described With 
reference to FIGS. 3 and 4 is described With reference to 
FIG. 5. Speci?cally, FIG. 5 shoWs that a second frozen 
material layer 68 can be formed over ?rst frozen material 
layer 64. Second layer 68 can comprise the same material as 
?rst layer 64, or can comprise a different material. An 
advantage of forming second frozen material layer 68 over 
?rst frozen material layer 64 is that such can form a clean 
surface over ?rst frozen material layer 64 after the ?rst 
frozen material layer 64 has been utilized for cleaning a 
substrate. More speci?cally, it is recognized that ?rst frozen 
material layer 64 can become contaminated When cleaning 
a substrate. Such contaminated ?rst frozen material layer 64 
can be undesirable for use in cleaning subsequent substrates, 
in that the contamination on ?rst frozen material layer 64 can 
be transferred to such substrates during a cleaning process. 
One method of addressing such problem is to simply remove 
material 64 and form a neW frozen material over bristles 56. 
FIG. 5 illustrates an alternative method of addressing the 
problem Wherein a second frozen layer 68 is formed over 
?rst frozen layer 64, With second frozen material layer 68 
effectively forming a clean surface over the surface of ?rst 
frozen material layer 64. FIG. 5 also shoWs a second 
substrate 70 held by substrate holder 54. Second substrate 70 
has a surface 72 Which contacts second frozen material layer 
68, and Which can be cleaned With treatment apparatus 52 by 
spinning bristles 56 relative to surface 72. 

[0044] Frozen material 68 can be formed by providing a 
liquid over ?rst frozen material 64 While cooling ?rst frozen 
material 64 to a temperature beloW the freezing temperature 
of the liquid. 

[0045] In particular aspects of the invention, a plurality of 
substrates can be cleaned With ?rst frozen material 64, 
before provision of second frozen material 68. For instance, 
apparatus 50 can be con?gured to clean a set of ?ve 
substrates With ?rst frozen material 64. Subsequently, sec 
ond frozen material 68 can be provided over ?rst frozen 
material 64 and apparatus 50 utilized to clean another set of 
?ve substrates. Accordingly, frozen material is provided 
over bristles 56 at periodic intervals during treatment of a 
plurality of substrates. Further, at speci?c periods of the 
cleaning of the substrates, the frozen materials formed over 
bristles 56 can be melted from the bristles, and replaced With 
a neW starting frozen layer, and the process repeated. In the 
exemplary application described above Wherein a neW fro 
zen layer is formed at a period corresponding to the treat 
ment of ?ve substrates, an entirety of the frozen layers 
formed over bristles 56 could be melted from the bristles 
after every 25 Wafers, and a fresh buildup of frozen materials 
initiated over the bristles. Further, the frozen materials 
removed from the bristles could be melted and puri?ed, and 
subsequently re-frozen on the bristles. 

[0046] Although the treating member 52 described above 
With reference to FIGS. 3-5 is described as a brush, it is to 
be understood that such treating member could comprise 
other forms, such as, for example, a pad. Preferably, the 
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frozen materials described above With reference to FIGS. 
3-5 are formed at portions of the treating member Which 
contact a surface of a substrate Which is to be cleaned. 
Accordingly, if the treating member is a pad, the frozen 
materials Will be probably be formed at a surface of the pad 
Which enables the froZen materials to contact a surface 
Which is to be cleaned. 

[0047] In further aspects of the invention described above 
With reference to FIGS. 3-5, the froZen materials formed 
over the bristles of cleaning member 52 can be at least 
partially melted as such bristles are moved relative to a 
substrate. In such applications, the froZen material under 
goes a phase-change from a froZen state of matter to a liquid 
state of matter during a cleaning process. Such can be 
advantageous for ?ushing contaminants from a surface of a 
substrate during cleaning With the cleaning member 52. 

[0048] Although the removal of froZen material from over 
cleaning member 52 is described With reference to FIGS. 
3-5 as comprising melting or scraping on the material, it is 
to be understood that in other embodiments the froZen 
material can be removed by subliming the material. In such 
other embodiments, contaminants released from the sub 
limed material can be collected prior to utiliZing cleaning 
member 52 on subsequent substrates. 

[0049] The embodiment described With reference to 
FIGS. 3-5 utiliZed a cleaning member 52 to clean only one 
of tWo opposing surfaces of substrate 70. FIG. 6 shoWs an 
apparatus similar to that described With reference to FIGS. 
3-5, but con?gured to clean a pair of opposing surfaces of 
substrate 70. The apparatus of FIG. 6 is shoWn at a pro 
cessing step similar to that of FIG. 5, and numbering 
identical to that utiliZed in describing FIG. 5 is used for 
FIG. 6. A difference betWeen the FIG. 6 apparatus and that 
of FIG. 5 is that substrate holder 54 (FIG. 5) is not visible 
in the FIG. 6 embodiment. If the substrate holder 54 of FIG. 
5 Were utiliZed in the apparatus of FIG. 6, such could block 
one of the cleaning members from contacting a surface of 
the substrate. Instead of such substrate holder, the FIG. 6 
apparatus can utiliZe, for example, a substrate holder that 
retains substrate 70 at its edges (not shoWn). 
[0050] Another embodiment of the present invention is 
described With reference to FIG. 7, Wherein a cleaning 
apparatus 100 is illustrated. Cleaning apparatus 100 com 
prises a substrate holder 102, Which is illustrated holding a 
substrate 104. Substrate 104 can comprise, for example, a 
semiconductive material Wafer, such as, for example, a 
Wafer of monocrystalline silicon. 

[0051] Apparatus 100 further comprises a liquid/ solid 
ejection system 110. System 110 comprises a ?rst tube 112 
having an inlet 114 and an outlet 116. A liquid 118 is ?oWed 
into tube 112 through inlet 114, and out of tube 110 through 
outlet 116. Outlet 116 is smaller than inlet 114. Accordingly, 
liquid ?oWs out of outlet 116 at a greater pressure than it 
?oWs into inlet 114. The higher pressure liquid is ejected 
onto a surface 105 of substrate 104 to clean such surface. 

[0052] Device 110 further comprises a second tube 120 
having an inlet 122 and an outlet 124. Tube 120 ?oWs 
through a chamber 126 con?gured to convert a liquid-state 
material to a solid-state material. Chamber 126 can com 

prise, for example, a region Wherein one or both of a 
temperature and a pressure of a ?oWing liquid is changed to 
convert the ?oWing liquid to a ?oWing plurality of froZen 
particles. 
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[0053] A liquid 130 ?oWs into tube 120 and through 
chamber 126, and is converted to solid particles 132. Solid 
particles 132 are preferably relatively ?ne particles, and can 
be referred to as a “snoW”. Solid particles 132 are dispersed 
Within the liquid 118 ?oWing through tube 112, and are 
accordingly ejected from outlet 116 With liquid 118. 

[0054] The ejected solid particles and liquid can clean 
surface 105. The solid particles can provide mechanical 
force against substrate surface 105 Which displaces contami 
nants from substrate surface 105, and the liquid 118 ?oWing 
across surface 105 can sWeep the displaced contaminants off 
of the surface. 

[0055] In particular applications, liquid 118 and solid 
particles 132 comprise CO2. Accordingly, the liquid and 
solid convert to a gas upon Warming of substrate 104 to 
room temperature. In other embodiments, liquid 118 and 
solid 132 can both comprise H2O. In yet other embodiments, 
liquid 118 can comprise a different material than that of solid 
132. For instance, liquid 118 can comprise glycol and solid 
132 can comprise H2O. As another example, liquid 118 can 
comprise Water and solid 132 can comprise CO2. In one 
aspect, liquid 118 and froZen particles 132 can be referred to 
as a mixture ?oWed out of tube 112 and across surface 105 
of substrate 104. 

[0056] Although froZen particles 132 are described as 
being formed With a chamber 126, other methods of forming 
froZen particles are encompassed by the present invention. 
For instance a method of forming the froZen particles Within 
a liquid, instead of utiliZing chamber 126, is to utiliZe a 
second liquid 130 Which freeZes at a higher temperature than 
?rst liquid 118. First liquid 118 is cooled to beloW the 
freezing temperature of second liquid 130, and second liquid 
130 is injected directly into the cooled ?rst liquid 118 
Whereupon the second liquid freeZes to form particulates of 
froZen material. Exemplary liquids for utiliZation in this 
aspect of the invention are glycol and H20, Wherein the H20 
freeZes at a higher temperature than does glycol. 

[0057] The apparatus of FIG. 7 moves a mixture of froZen 
and liquid material relative to a substrate surface by ?oWing 
the mixture across the substrate surface. FIG. 8 illustrates an 
aspect of the present invention Wherein a similar effect is 
accomplished by submerging a substrate 150 Within a mix 
ture 160 of froZen and liquid materials (the froZen and liquid 
materials of mixture 160 can be the same as those described 
above With reference to FIG. 7), and agitating the mixture. 
Such agitation can rub froZen material across surfaces of the 
substrate to clean such surfaces. Substrate 150 can comprise, 
for example, a semiconductive material Wafer. The agitation 
can be accomplished by, for example, stirring the mixture 
and/or moving substrate 150. Although substrate 150 is 
shoWn resting on the bottom of a vessel in FIG. 8, it is to be 
understood that substrate 150 could be supported off of the 
bottom of the vessel With a holder (not shoWn). 

[0058] It is noted that among the advantages of utiliZing 
froZen materials for cleaning in accordance With the present 
invention is that surface properties of such materials can be 
changed With chemical or thermal modi?cations. Accord 
ingly, a surface of a froZen material can be made softer, or 
harder, for particular applications by modifying one or both 
of a temperature of the froZen material surface or a chemical 
composition of the surface. 

[0059] In compliance With the statute, the invention has 
been described in language more or less speci?c as to 
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structural and methodical features. It is to be understood, 
however, that the invention is not limited to the speci?c 
features shoWn and described, since the means herein dis 
closed comprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
forms or modi?cations Within the proper scope of the 
appended claims appropriately interpreted in accordance 
With the doctrine of equivalents. 

1-82. (canceled) 
83. A semiconductive conductive substrate cleaning sys 

tem comprising a cleaning member operatively proximate an 
apparatus con?gured to couple to a semiconductive sub 
strate, Wherein the cleaning member is con?gured to be at 
least partially coated With a froZen material. 

84. The system of claim 83 Wherein the froZen material 
comprises CO2. 

85. The system of claim 83 Wherein the cleaning member 
comprises a brush. 

86. The system of claim 85 Wherein the brush comprises 
a plurality of bristles con?gured to be at least partially 
coated With the froZen material. 

87. The system of claim 83 Wherein the froZen material 
comprises both a ?rst composition and a second composition 
different from the ?rst composition. 

88. The system of claim 87 Wherein the ?rst composition 
comprises CO2 and the second composition comprises H20. 

89. The system of claim 87 Wherein the cleaning member 
comprises a brush, the brush comprising a plurality of 
bristles con?gured to be at least partially coated With the ?rst 
composition. 

90. The system of claim 89 Wherein the at least one of the 
plurality of bristles of the brush is at least partially coated 
With the second composition. 

91. The system of claim 83 Wherein the semiconductive 
substrate comprises a monocrystalline silicon Wafer. 
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92. The system of claim 83 Wherein the cleaning member 
is elevationally beloW the semiconductive substrate When 
coupled to the apparatus. 

93. The system of claim 92 Wherein: 

the cleaning member comprises a ?rst surface extending 
horiZontally to a ?rst periphery; 

the semiconductive substrate comprises a second surface 
extending horiZontally to a second periphery; and 

the ?rst surface of the cleaning member extends horiZon 
tally beyond the second periphery of the substrate. 

94. The system of claim 93 Wherein one or both of the ?rst 
and second surfaces are substantially planar. 

95. The system of claim 83 Wherein the cleaning member 
comprises both a ?rst and a second cleaning member, the 
?rst cleaning member being elevationally above the sub 
strate When coupled to the apparatus, and the second clean 
ing member being elevationally beloW the substrate When 
couple to the apparatus. 

96. The system of claim 95 Wherein the froZen material 
comprises a ?rst composition, the ?rst cleaning member 
being at least partially coated With the ?rst composition, and 
Wherein the second cleaning member is at least partially 
coated With a second composition. 

97. The system of claim 96 Wherein the ?rst composition 
is different from the second composition. 

98. The system of claim 96 Wherein the second compo 
sition is a solid composition. 

99. The system of claim 83 further comprising a liquid 
material above the froZen material. 

100. The system of claim 99 Wherein the liquid material 
and the froZen material comprise H2O. 

* * * * * 


