
1 APPARATUS AND SYSTEM FOR CLEANING A SUBSTRATE  5
BACKGROUND  [0001] In the fabrication of semiconductor
devices such as integrated circuits, memory cells,  1o
and the like, a series of manufacturing operations are
performed to define features on semiconductor wafers
("wafers"). The wafers are processed to include
integrated circuit  devices in the form of multi-level
structures defined on a silicon substrate. At a
substrate  level, transistor devices with diffusion
regions are formed. In subsequent levels, interconnect
metallization lines are patterned and electrically
connected to the transistor devices to define a 15
desired integrated circuit device. Also, patterned
conductive layers are insulated from other  conductive
layers by dielectric materials. [0002] During the
series of manufacturing operations, the wafer surface
is exposed to various  types of contaminants.
Essentially any material present in a manufacturing
operation is a  potential source of contamination. For
example, sources of contamination may include 20
process gases, chemicals, deposition materials, and
liquids, among others. The various  contaminants may
deposit on the wafer surface in particulate form. If
the particulate  contamination is not removed, the
devices within the vicinity of the contamination will
likely  be inoperable. Thus, it is necessary to clean
contamination from the wafer surface in a
substantially complete manner without damaging the
features defined on the wafer. 25 However, the size of
particulate contamination is often on the order of the
critical dimension  size of features fabricated on the
wafer. Removal of such small particulate contamination
without adversely affecting the features on the wafer
can be quite difficult. [0003] Conventional wafer
cleaning apparatuses, systems, and methods have relied
heavily  on mechanical force to remove particulate
contamination from the wafer surface. As feature  30
sizes continue to decrease and become more fragile,
the probability of feature damage due to application
of mechanical force to the wafer surface increases.
For example, features having  high aspect ratios are
vulnerable to toppling or breaking when impacted by a
sufficient  mechanical force. To further complicate
the cleaning problem, the move toward reduced 2  



feature sizes also causes a reduction in the size of
particulate contamination. Particulate  contamination
of sufficiently small size can find its way into
difficult to reach areas on the  wafer surface, such
as in a trench surrounded by high aspect ratio
features. Thus, efficient  and non-damaging removal of
contaminants during modern semiconductor fabrication 5
represents a continuing challenge to be met by
continuing advances in wafer cleaning  technology. It
should be appreciated that the manufacturing
operations for flat panel displays  suffer from the
same shortcomings of the integrated circuit
manufacturing discussed above.  [0004] In view of the
forgoing, there is a need for a more effective and
less abrasive cleaning  apparatuses, systems, and
methods for cleaning wafer surfaces. 10 SUMMARY
[0005] Broadly speaking, the present invention fills
these needs by providing improved  apparatuses,
systems, and methods for cleaning wafer surfaces. It
should be appreciated that  the present invention can
be implemented in numerous ways, including as an
apparatus, a 15 method and a system. Several inventive
embodiments of the present invention are described
below. [0006] In one embodiment, an apparatus for
cleaning a substrate is disclosed. The apparatus
having a first head unit and a second head unit. The
first head unit is positioned proximate to  the
surface of the substrate and has a first row of
channels defined within configured to 20 supply a foam
to the surface of the substrate. The second head unit
is positioned substantially  adjacent to the first
head unit and proximate to the surface of the
substrate. A second and a  third row of channels are
defined within the second head unit. The second row of
channels is  configured to supply a fluid to the
surface of the substrate. The third row of channels is
configured to apply a vacuum to the surface of the
substrate. 25 [0007] In another embodiment, a method
for cleaning a substrate is disclosed. A substrate
with a particle deposited thereon is provided. A foam
including a plurality of tri-state bodies  each having
a solid portion, liquid portion, and a gas portion is
generated. The foam is  applied to the surface of the
substrate through a first set of applicators. A fluid
is applied to  the surface of the substrate through a
second set of applicators in sufficient quantity to 30
substantially remove the foam from the surface of the
substrate. A vacuum is applied to the  



surface of the substrate through a third set of
applicators to substantially remove the fluid  from
the surface of the substrate. 3  [0008] In still
another embodiment, an apparatus for cleaning a
substrate is disclosed. The  apparatus includes a
containment conduit, a plurality of supports, an inlet
end valve, and an  outlet end valve. The containment
conduit is configured to apply a pressure on a foam
passing across a surface for the substrate
establishing a flow for the foam from the inlet end to
5 the outlet end. The plurality of supports are
enclosed within the containment conduit and are
configured to support the substrate. The inlet end
valve and the outlet end valve are  configured to
regulate the flow of foam into and out of the
containment conduit. A controller  in communications
with the inlet end valve and outlet end valve controls
the flow of foam  through the containment conduit. 10
[0009] In still yet another embodiment, a method for
cleaning a substrate is disclosed. A  substrate with a
particle deposited thereon is inserted into a
containment conduit. A foam  supplied to the
containment conduit through an inlet valve of the
containment conduit. A  pressure is applied through
the inlet valve of the containment conduit to
establish a pressure- driven flow for the foam such
that the foam moves across the surface of the
substrate and 15 interacts with the particle on the
surface of the substrate. The foam is removed along
with the  particle from the containment conduit
through the outlet valve of the containment conduit.
[0010] In still another embodiment, a system for
cleaning a substrate is disclosed. The  system
includes a first cleaning zone, a second cleaning zone
and a carrier capable of holding  the substrate. The
first cleaning zone includes a pressure-driven flow
unit configured to apply 20 a foam to a surface of the
substrate. The second cleaning zone includes an
applicator that is  configured to dispense a fluid to
substantially remove the foam from the surface of the
substrate. The carrier is configured to transport the
substrate translationally from the first  cleaning
zone to the second cleaning zone. [0011] In yet still
another embodiment, a system for cleaning a substrate
is disclosed. The  25 system includes a fluid
dispenser, a foam dispenser, and a rotating chuck. The
fluid dispenser  is positioned proximate to a surface
of the substrate and is configured to deliver a fluid
to the  surface of the substrate. The foam applicator
is positioned proximate to the surface of the  



substrate and is configured to supply a foam to the
surface of the substrate. The rotating  chuck is
configured to support and impart a rotational velocity
to the substrate while a  30 plurality of grippers are
used to secure the substrate onto the rotating chuck.
4  BRIEF DESCRIPTION OF THE DRAWINGS [0012] The
present invention will be readily understood by the
following detailed description  in conjunction with
the accompanying drawings, and like reference numerals
designate like  5 structural elements. [0013] Figure
1A is an illustration of the bottom surface of a
proximity head unit for cleaning  a substrate surface,
in accordance with one embodiment of the present
invention. [0014] Figure I B is a side view
illustration of a proximity head unit for cleaning a
substrate  surface, in accordance with one embodiment
of the present invention. 10 [0015] Figures 2A and 2B
are enlarged cross-sectional views of proximity head
units for  cleaning a substrate surface, in accordance
with one embodiment of the present invention.  [0016]
Figure 3 is a top-view of an integrated cleaning
apparatus for cleaning a substrate  surface, in
accordance with one embodiment of the present
invention. [0017] Figure 4 is an illustration of a
non-integrated cleaning apparatus for cleaning the  15
surface of a substrate, in accordance with one
embodiment of the present invention. [0018] Figure 5
is a side-view illustration of a system for cleaning a
substrate surface, in  accordance with one embodiment
of the present invention. [0019] Figure 6 is a
flowchart of a method for cleaning a substrate, in
accordance with one  embodiment of the present
invention. 20 [0020] Figure 7 is a schematic
illustration of a pressure-driven flow apparatus for
cleaning a  substrate, in accordance with one
embodiment of the present invention. [0021] Figure 8A
is a process flow chart of a system for cleaning a
substrate, in accordance  with one embodiment of the
present invention. [0022] Figure 8B is a process flow
chart of a system for cleaning a substrate, in
accordance  25 with one embodiment of the present
invention. [0023] Figure 9 is a flowchart of a method
for cleaning a substrate, in accordance with one
embodiment of the present invention. 



30 5  DETAILED DESCRIPTION [00241 An invention is
described for apparatuses, systems, and methods for
cleaning wafer  surfaces. It will be obvious, however,
to one skilled in the art, that the present invention
may  be practiced without some or all of these
specific details. In other instances, well known 5
process operations have not been described in detail
in order not to unnecessarily obscure the  present
invention. [00251 As used herein, a tri-state body
cleaning material contains a plurality of tri-state
bodies that include a gas portion, a liquid portion
and a solid portion. In one embodiment, the  gas
portion and liquid portion provides an intermediary to
bring the solid portion into close 10 proximity with
contaminant particles on a substrate surface. Some
exemplary types of  materials that can be used to make
up the solid portion includes aliphatic acids,
carboxylic  acids, paraffin, wax, polymers,
polystyrene, polypeptides, and other visco-elastic
materials.  The solid portion material should be
present at a concentration that exceeds its solubility
limit  within the liquid portion. Also, it should be
understood that the cleaning effectiveness 15
associated with a particular solid portion material
may vary as a function of, concentration,
temperature, pH, and other environmental conditions.
[00261 The aliphatic acids represent essentially any
acid defined by organic compounds in  which carbon
atoms form open chains. A fatty acid is an example of
an aliphatic acid that can  be used as the solid
portion within the tri-state body cleaning material.
Examples of fatty 20 acids that may be used as the
solid portion include lauric acid, palmitic acid,
stearic acid, oleic  acid, linoleic acid, linolenic
acid, arachidonic acid, gadoleic acid, eurcic acid,
butyric acid,  caproic acid, caprylic acid, myristic
acid, margaric acid, behenic acid, lignoseric acid,
myristoleic acid, palmitoleic acid, nervanic acid,
parinaric acid, timnodonic acid, brassic acid,
clupanodonic acid, lignoceric acid, cerotic acid, and
mixtures thereof, among others. 25 [00271 The solid
phase interacts with the particles during cleaning to
effectuate their removal.  A substrate, as used
herein, denotes semiconductor wafers, flat panel
display surfaces (e.g.,  liquid crystal displays,
etc.), and wafer handling equipment and hardware that
may become  contaminated during manufacturing
operations. 



[00281 Figure IA is an illustration of the bottom
surface of a proximity head unit for cleaning  30 a
substrate surface, in accordance with one embodiment
of the present invention. In this  depiction, a
proximity head unit 102 is shown with a plurality of
tri-state body dispensing  outlets 104 for dispensing
a tri-state body cleaning material, a plurality of
fluid dispensing 6  outlets 106 for dispensing a
fluid, and a plurality of vacuum openings 108 for
applying a  vacuum to the surface of a substrate.
[0029] In one embodiment, the tri-state body
dispensing outlets 104, fluid dispensing outlets  106,
and vacuum openings 108 are sequentially arranged in
rows lengthwise across the  5 surface of a proximity
head unit 012 configured to provide coverage over the
entire diameter, of a substrate. For example, the
first three rows of outlets on the proximity head unit
102 may  be the tri-state body dispensing outlets 104
followed by two rows of fluid dispensing outlets  106
and then two rows of vacuum openings 108.. It should
be understood, that this is ,just one  example of a
possible configuration for how the various types of
outlets/openings can be 10 arranged on the proximity
head unit 102, in practice there are a myriad of
configurations  having different outlet/opening types,
different sequences of outlet/opening types, and the
number of rows that can be assigned for each
outlet/opening type. The outlet/opening
configurations are only limited by the requirements of
the application, the number of  outlets/openings that
the proximity head unit 102 can be configured to house
and the types of  15 outlets/openings that can be
included as part of the head unit 102. [0030] In one
embodiment, the tri-state body dispensing outlets 104
are configured to supply  a tri-state body cleaning
material to the surface of a substrate. The tri-state
body cleaning  material may be either a foam or an
emulsion that includes a plurality of tri-state
bodies. In  one embodiment, the fluid dispensing
outlets 106 are configured to dispense a liquid to the
20 surface of the substrate. Examples of some types of
liquids that can be dispensed include De- ionized
Water (DIW), Ammonium Peroxide (NH4OH), Hydrogen
Peroxide (H202), SC-1  solution (NH4OH/H2O2/H2O),
de-foaming agents, etc. However, it should be
understood that  essentially any liquid can be used as
longs as the liquid can adequately remove the
tri-state  body cleaning material from the substrate
surface per the requirements of the application. In 25
another embodiment, the fluid dispensing outlets 106
are configured to dispense a gas to the  



surface of the substrate. Examples of some types of
gases that can be dispensed by the fluid  dispenser
outlets 106 include isopropyl alcohol (IPA) vapor,
carbon dioxide (CO2), air,  nitrogen (N2), argon (Ar),
oxygen (02), ozone (03), etc. Essentially any type of
gas can be  dispensed as long as the gas can be used
to adequately dry the substrate surface without 30
damaging the multi-level structures defined on the
substrate surface. In one embodiment, the  vacuum
openings are configured to apply a vacuum to the
surface of the substrate. The 7  vacuum pressure
settings being optimized to substantially remove any
tri-state body cleaning  material and/or liquids that
are deposited on the surface of the substrate. [0031]
Figure 113 is a side view illustration of a proximity
head unit for cleaning a substrate  surface, in
accordance with one embodiment of the present
invention. As depicted herein, a  5 proximity head
unit 102 with a tri-state body material (i.e., foam)
supply line 110, a fluid supply line 112, and a vacuum
supply line 114 is shown as positioned proximate to
the top  surface of a substrate 116 while the
substrate 116 moves translationally under the
proximity  head unit 102. As discussed above, the
tri-state body cleaning material can either be
dispensed as a foam or an emulsion depending on the
application and the chemical  10 composition of the
tri-state body cleaning material. [0032] As shown, the
surface of the substrate 116 is initially treated with
the tri-state body  cleaning material followed by
de-ionized water to rinse off the cleaning material,
and then a  vacuum is applied to remove the de-ionized
water from the surface. In one embodiment, a  second
proximity head unit is positioned proximate to the
bottom surface of the substrate 116 15 and is
substantially aligned with the top proximity head unit
102. The second proximity head  unit being configured
to treat the bottom surface of the substrate 116 with
the tri-state body  cleaning material and deionized
water followed by drying with an application of the
vacuum.  [0033] Figure 2A is an enlarged
cross-sectional view of a proximity head unit for
cleaning a  substrate surface, in accordance with one
embodiment of the present invention. In this 20
depiction, the proximity head unit 102 is shown with a
plurality of channels that extend from  inlets/ports
on the top surface of the proximity head 102 through
to the outlets/openings on  the bottom surface of the
proximity head 102. As shown, the proximity head unit
102  includes a tri-state body cleaning material inlet
208 to supply a tri-state body cleaning  



material 202 to the channel configured to deliver the
material 202 to the substrate surface 25 through a
tri-state body cleaning material 202 outlet, a fluid
inlet 210 to supply a fluid (e.g.,  de-ionized
water/de-foaming agent, etc.) to the channel
configured to deliver the fluid in the  form of a
fluid meniscus 204 to the substrate surface, a vacuum
inlet 212 to supply a vacuum  to the channel
configured to apply the vacuum against the substrate
116 surface, and a gas  supply inlet 214 to supply a
gas 206 (e.g., IPA vapor, C02, N2, 02, etc.) through
the channel 30 configured to supply the gas 206 to the
substrate 116 surface. In one embodiment, the
substrate 116 moves translationally under the
proximity head unit 102 during a cleaning  operation
where the tri-state body cleaning material, fluid,
vacuum and gas are supplied to or 8  applied against
the substrate 116 surface. In another embodiment, the
proximity head unit  102 is configured to move
translationally over the surface of the substrate 116
during the  cleaning operation. In one embodiment, a
control system (as shown in Figure 1B) may be
provided. The control system is configured to manage
the flow of fluids to and from the 5 proximity head
unit 102. The managing of the fluid flow may include
flow meters and  controllers to ensure that a proper
meniscus is formed. In one embodiment, the meniscus is
maintained between the proximity head unit 102 and the
surface of the substrate 116. This  ensures precise
control of the cleaning fluids and tri-state body.
[0034] Figure 2B illustrates another configuration,
where a vacuum inlet 216 is provided to  10 enable the
application of a vacuum to the tri-state body cleaning
material 202 and the fluid  204. In this embodiment,
the vacuum inlet 216 may be in the form of a plurality
of discrete  manifolds (e. g., holes or ports), that
will enable a better interface between the material
202  and the fluid 204. In one embodiment, it is
envisioned that the vacuum inlet 216, which  provides
a better interface, will assist in reducing the amount
of mixing between the material 15 202 and the fluid
204. Depending on the degree of mixing desired, for
the given application,  the vacuum inlet 216 can be
controlled (e.g.., by pumps and computer/program
controls).  Each recipe will therefore define a
different degree of tuning of the tristate body 208,
vacuum  216, fluid 210, vacuum 212 and gas 206. [0035]
It should therefore be understood that the proximity
head unit 102 can have many  20 different
configurations and that this is but one exemplary
configuration. Other proximity  



head 102 configurations may include different types
and numbers of channels as required by  the particular
application that the proximity head unit 102 is being
used for. [0036] Figure 3 is a top-view of an
integrated cleaning apparatus for cleaning a substrate
surface, in accordance with one embodiment of the
present invention. As shown, therein, a  25 substrate
116 moves translationally towards the integrated
cleaning apparatus 300, which includes a tri-state
body cleaning material dispensing portion 302, a
proximity head portion  304, and a gas dispensing
portion 306. The tri-state body cleaning material
dispensing  portion 302 is configured to supply the
tri-state body cleaning material to the substrate 116
surface as the substrate 116 moves translationally
under the integrated cleaning apparatus 300 30 or the
cleaning apparatus 300 moves translationally over the
substrate 116 surface. The  cleaning material can
either be in the form of a tri-state body foam or an
emulsion. In one  embodiment, the tri-state body
dispensing portion 302 is configured to supply the
tri-state 9  body cleaning material with sufficient
force to promulgate interactions between the solid
portions of the cleaning material and contaminant
particles on the substrate 116 surfaces. For  example,
the cleaning material can be dispensed so that a
downward force (or force in  general) is applied
against the tri-state bodies that are positioned
substantially adjacent to the 5 substrate 116 surface
such that the solid portions of those tri-state bodies
interact with  contaminant particles deposited on the
substrate 116 surface. In cases where the wafer is not
horizontal, the force may not be a downward force, but
instead is a force that is relative to the  position
of the wafer. The interactions between the solid
portions of the tri-state bodies and  the contaminant
particles results in the particle being removed from
the surface of the 10 substrate 116 as the tri-state
bodies are removed. These interactions may be
established  through one or more mechanisms including
adhesion, collision, and attractive forces. [0037] The
proximity head portion 304 includes outlets for
applying a liquid meniscus onto  the surface of the
substrate 116 and openings for applying a vacuum
against the substrate 116  surface. During a substrate
116 cleaning operation, the proximity head portion 304
is 15 configured to effectuate the removal the
tri-state body cleaning material and associated
contaminant particles from the surface of the
substrate 116. The liquid meniscus and  substrate 116
surface boundary is defined by an area where there is
a rapid exchange of liquid  



that results in the substantial removal of cleaning
material from the substrate 116 surface.  Examples of
some types of liquids that can be used include
De-ionized Water (DIW), 20 Ammonium Peroxide (NH4OH),
Hydrogen Peroxide (H202), SC-1 solution
(NH4OH/H2O2/H2O), de-foaming agents, etc. It should be
understood that essentially any  liquid can be used as
longs as the liquid can adequately remove the
tri-state body cleaning  material and contaminant
particles from the substrate 116 surface per the
requirements of the  application. 25 [0038] Continuing
with Figure 3, the gas dispensing portion 306 is
configured to supply a gas  to substantially remove
liquids from the surface of the substrate 116 after
the proximity head  portion 304 has substantially
removed the tri-state body cleaning materials.
Examples of  gases that can be dispensed by this
portion include isopropyl alcohol (IPA) gas, CO2, air,
nitrogen (N2), argon (Ar), oxygen (02), ozone (03),
etc. Essentially any type of gas can be 30 dispensed
as long as the gas can be used to adequately dry the
substrate 116 surface without  damaging the
multi-level structures defined on the substrate 116
surface. 10  [00391 Figure 4 is an illustration of a
non-integrated cleaning apparatus for cleaning the
surface of a substrate, in accordance with one
embodiment of the present invention. As  depicted, the
cleaning apparatus includes a manifold unit 402 and a
proximity head unit 102,  both configured to operate
substantially in unison as they move translationally
across the top 5 surface of a substrate 116 during a
cleaning operation. In one embodiment the manifold
unit  402 and the proximity head unit 102 are combined
into an integrated cleaning apparatus. In  another
embodiment, the manifold unit 402 and the proximity
head unit 102 are physically  separate units. In one
embodiment, during a substrate 116 cleaning operation,
the substrate  116 moves translationally across and
below first the manifold unit 402 then followed by the
10 proximity head unit 102. The manifold unit 402 is
configured to supply the tri-state body  cleaning
material for cleaning the surface of the substrate
116, whereas the proximity head  unit 102 applies
liquid and a vacuum to remove the cleaning material
off the surface 116 of  the substrate. [00401 The
manifold unit 402 is positioned proximate to the
substrate 116 surface and is  15 configured to
dispense a tri-state body cleaning material to that
surface. The tri-state body  



cleaning material may be dispensed as either a foam or
an emulsion that includes a plurality  of tri-state
bodies. In one embodiment, the manifold 402 is
configured to supply the tri-state  body cleaning
material with sufficient force to promulgate
interactions between the solid  portions of the
cleaning material and the contaminant particles 404 on
the substrate 116 20 surface. The interactions between
the solid portions of the tri-state bodies and the
contaminant particles results in the particle being
removed from the surface of the substrate  116 as the
tri-state bodies are removed. As disclosed previously,
the interactions may be  established through one or
more mechanisms including adhesion, collision, and
attractive  forces. As the tii-state body is removed
from the substrate 116 surface, so is the contaminant
25 particle 404. [00411 Still with Figure 4, the
proximity head unit 102 is positioned proximate to the
surface  of the substrate 116 during operation and is
configured to form a circulating liquid meniscus  on
the substrate 116 surface to substantially remove any
tri-state body cleaning material and  contaminants 404
from the surface. Example of liquids that can be used
by the proximity 30 head unit 102 to form the liquid
meniscus include, De-ionized Water (DIW), Ammonium
Peroxide (NH4OH), Hydrogen Peroxide (H202), SC-1
solution (NH4OH/H2O2/H2O), de- foaming agents, etc. In
one embodiment, the proximity head portion 102 further
includes gas 11  dispensing outlets that are
configured to supply a gas to the surface of the
substrate 116.  Examples of gases that can be
dispensed by these outlets include isopropyl alcohol
(IPA) gas,  air, nitrogen (N2), argon (Ar), oxygen
(02), ozone (03), etc. Essentially any type of gas can
be dispensed as long as the gas can be used to
adequately dry the substrate 116 surface 5 without
damaging the multi-level structures defined on the
substrate 116 surface. [00421 Figure 5 is a side-view
illustration of a system for cleaning a substrate
surface, in  accordance with one embodiment of the
present invention. In this depiction, the system
includes a tri-state body cleaning material dispenser,
502, a liquid dispensing nozzle 504, and  a rotating
chuck 508. The tri-state body dispenser 502 is
positioned adjacent to the liquid 10 dispensing nozzle
504 and proximate to the surface of a substrate 116
being supported by a  plurality of substrate clips 506
configured to secure the substrate 116 onto the
rotating chuck  508. The clips 506 can take on any
number of configurations, and are sometimes referred
to  



as fingers, holders, wheels, rollers, grippers or the
like. The configuration of the body that  holds the
wafer is similar to a spin-rinse-dry module, however,
the dispenser 502 of the 15 present invention is
calibrated to ensure proper delivery of the tri-state
body over the surface  of the substrate 116. [00431 As
noted, in one embodiment, the tri-state body dispenser
502 is configured to  dispense the tri-state body
cleaning material in the form of a foam. In another
embodiment,  the tri-state body dispenser 502 is
configured to dispense the tri-state body cleaning
material 20 in the form of an emulsion. In one
embodiment, the tri-state body material dispenser 502
is  configured to dispense the tri-state body cleaning
material with sufficient force to promulgate
interactions between the solid portions of the
cleaning material and the contaminant particles  on
the substrate 116 surface. The interactions between
the solid portions of the tri-state  bodies and the
contaminant particles results in the particle being
removed from the surface of 25 the substrate 116 as
the tri-state bodies are removed. In another
embodiment, the system  further includes a force
applicator configured to apply a downward force
against the tri-state  body cleaning material to
promulgate interactions between the solid portion of
the material  and the contaminant particles on the
surface of the substrate 116. [00441 The liquid
dispensing nozzle 504 is positioned proximate to the
surface of the  30 substrate 116 and is configured to
dispense a liquid on to the surface of the substrate
116.  Examples of liquids that can be dispensed
include De-ionized Water (DIW), Ammonium  Peroxide
(NH4OH), Hydrogen Peroxide (H202), SC-1 solution
(NH4OH/H2O2/H2O), de 12  foaming agents, etc. However,
it should be understood that essentially any liquid
can be used  as long as the liquid can adequately
remove the tri-state body cleaning material from the
substrate 116 surface per the requirements of the
application. [00451 Still with Figure 5, the rotating
chuck 508 is configured to execute a spin-dry  5
operation whereby the substrate 116 supported by
substrate clips 506 attached to the chuck  508 is
rotated at a velocity sufficient to substantially
remove tri-state body material and/or,  liquids
deposited on the surface of the substrate 116. In one
embodiment, instead of using  substrate clips 506, the
rotating chuck 508 is an electrostatic chuck
configured to secure the  substrate 116 with
sufficient force so that the substrate 116 will remain
substantially 



10 stationary on the chuck 508 during a spin-dry
operation. In another embodiment, instead of  using
substrate clips 506, the rotating chuck 508 is a
vacuum chuck configured to apply a  vacuum against the
substrate 116 with sufficient intensity so that the
substrate 116 will  remain substantially stationary
during a spin-dry operation. [00461 In an alternative
embodiment, the tri-state body can be applied to a
stationary  15 substrate using dispensing stream or
sheet of fluid. In such a case, the tri-state body can
be  applied in a form before it begins to foam. The
fluid, thus is applied as a stream or sheet onto  the
surface of the substrate. The drying can also occur
using an air blade, such that the  surface is left in
a dry state. Additionally, a proximity head can be
used to perform the dry  operation as noted above. 20
[00471 Figure 6 is a flowchart of a method for
cleaning a substrate, in accordance with one
embodiment of the present invention. Diagrams of the
cleaning apparatus utilized in this  method are shown
in Figures 1, 2A, 2B, 3, and 4. Method 600 starts with
operation 602  where a substrate contaminated with a
particle is provided. As discussed previously, the
substrate, as an example used herein, denotes without
limitation, semiconductor wafers, hard 25 drive disks,
optical discs, glass substrates, and flat panel
display surfaces, liquid crystal  display surfaces,
etc. The method 600 continues on to operation 604
where a tri-state body  foam is generated. The foam
includes a plurality of tri-state bodies each having a
solid  portion, a liquid portion and a gas portion.
For further explanation of the composition of the
tri-state body cleaning material and its mechanisms
see U.S. Patent Application (11/346,894) 30 (Atty.
Docket No. LAM2P546), filed on February 3, 2006,
entitled "METHOD FOR REMOVING  CONTAMINATION FROM A
SUBSTRATE AND FOR MAKING A CLEANING SOLUTION". 13
[0048] The method 600 moves on to operation 606 where
the tri-state body foam is applied to  the surface of
the substrate through a first set of applicators. In
one embodiment, the first set  of applicators is
configured to supply the foam with sufficient force to
promulgate an  interaction between the solid portion
of the tri-state body and the particle deposited on
the 5 surface of the substrate. The method 600
proceeds on to operation 608 where a fluid is
supplied to the surface of the substrate through a
second set of applicators in sufficient  quantity to
substantially remove the foam from the surface of the
substrate. Examples of  



fluids that are appropriate for this operation include
De-ionized Water (DIW), Ammonium  Peroxide (NH4OH),
Hydrogen Peroxide (H202), SC-1 solution
(NH4OH/H2O2/H2O), de 10 foaming agents, etc. It should
be appreciated that essentially any liquid can be used
as long as  the liquid can adequately remove the
tri-state body cleaning material from the substrate
surface per the requirements of the application.
[0049] Still with Figure 6, the method 600 advances on
to operation 610 where a vacuum is  applied to the
surface of the substrate through a third set of
applicators to substantially  15 remove any fluid from
the surface of the substrate. In one embodiment, the
first and second set of applicators are included in a
first head unit and the third set of applicators is
included in  a second head unit. In another
embodiment, the first set of applicators is included
in a first  head unit and the second and third set of
applicators are included in a second head unit. In
still another embodiment, the first, second, and third
set of applicators are all included in a  20 single
integrated head unit. [0050] Figure 7 is a schematic
illustration of a pressure-driven flow apparatus for
cleaning a  substrate, in accordance with one
embodiment of the present invention. As depicted, the
pressure-driven flow substrate cleaning device 700 is
comprised of a containment conduit 702  that includes
an inlet valve 704, an outlet valve 706, a plurality
of substrate grippers 701 and a 25 material reservoir
708. The inlet valve 704 and the outlet valve 706 are
respectively  configured to regulate the flow of
tri-state body cleaning materials and fluids into and
out of  the containment conduit 700. The tri-state
body cleaning material is supplied by a material
reservoir 708 operatively attached to the inlet valve
704. [0051] By regulating the inflow and outflow of
the tri-state body cleaning material through  30 the
containment conduit 700, a force is generated and
applied against the tri-state bodies  adjacent to the
substrate 116 surface to promote interactions between
the solid portions of the  tri-state bodies and the
contaminant particles on the substrate 116 surface.
The interactions 14  between the solid portions of the
tri-state bodies and the contaminant particles results
in the  particle being removed from the surface of the
substrate 116 as the tri-state bodies are  removed.
These interactions may be established through one or
more mechanisms including  adhesion, collision, and
attractive forces. The inlet 704 and outlet 706 valves
are controlled 



5 by a controller 710 that is operatively connected to
both valves. The plurality of substrate  grippers 701
enclosed within the containment conduit 700 is
configured to support the  substrate 116 in an
elevated position and provide a restraint for the
substrate 116 to prevent  any unintentional movements
during a cleaning operation. [0052] Continuing with
Figure 7, in one embodiment, the fluid is a gas that
functions to dry  10 the substrate 116 and/or supply a
force against the tri-state bodies to promulgate
interactions  between the solid portions of the
tri-state bodies and contaminant particles deposited
on the  surfaces of the substrate 116. A gas source
(not depicted in Figure 7) is operatively attached  to
the inlet valve 704 to supply the gas to the
containment conduit 700. Examples of  appropriate
gases to use include air, nitrogen (N2), argon (Ar),
oxygen (02), ozone (03), 15 carbon dioxide (CO2), etc.
Essentially any type of gas can be dispensed as long
as the gas  does not react with tri-state bodies
and/or the multi-level structures defined on the
substrate  116 surface. In another embodiment, the
fluid is a liquid that is used to rinse the tri-state
body cleaning material from the substrate 116
surfaces. A fluid reservoir is operatively  attached
to the inlet valve 116 to supply the fluid to the
containment conduit 700. Examples 20 of appropriate
liquids include De-ionized Water (DIW), Ammonium
Peroxide (NH4OH),  Hydrogen Peroxide (H202), SC-1
solution (NH4OH/H2O2/H2O), de-foaming agents, etc.
Essentially any liquid can be used as long as the
liquid can adequately remove the tri-state  body
cleaning material and contaminant particle from the
substrate 116 surface per the  requirements of the
application. 25 [0053] Figure 8A is a process flow
chart of a system for cleaning a substrate, in
accordance  with one embodiment of the present
invention. As detailed in this process chart, the
substrate  is first subjected to a cleaning by a
pressure-driven flow cleaning apparatus in a first
cleaning  zone 802. The pressure-driven flow cleaning
apparatus being configured to apply a tri-state  body
cleaning material to the surface of the substrate in
such a manner as to promulgate 30 interactions between
the solid portions of the tri-state bodies and the
contaminant particles  deposited on the substrate
surface. The interactions between the solid portions
of the tri-state  bodies and the contaminant particles
results in the particle being removed from the surface
of 15  the substrate as the tri-state bodies are
removed. After being cleaned by the pressure-driven  



flow cleaning apparatus, the substrate is moved from
the first cleaning zone 802 to a second  cleaning zone
804 using a substrate carrier on tracks that connect
the first 802 and the second  cleaning zones 804. The
second cleaning zone 804 includes one or more
applicators that are 5 configured to dispense a fluid
to substantially rinse and dry any tri-state body
material, fluids,  and/or contaminant particles
remaining on the surface of the substrate. Examples of
appropriate liquids to use include, De-ionized Water
(DIW), Ammonium Peroxide (NH4OH),  Hydrogen Peroxide
(H202), SC-1 solution (NH4OH/H2O2/H2O), de-foaming
agents, etc.  Essentially any liquid can be used as
long as the liquid can adequately remove the tri-state
10 body cleaning material and contaminant particle
from the substrate surface per the  requirements of
the application [00541 Figure 8B is a process flow
chart of a system for cleaning a substrate, in
accordance  with one embodiment of the present
invention. In this process flow chart, the substrate
is first  subjected to a cleaning by a pressure-driven
flow cleaning apparatus in a first cleaning zone 15
802. As discussed above, the pressure-driven flow
cleaning apparatus is configured to apply  a tri-state
body cleaning material to the surface of the substrate
in such a manner as to  promulgate interactions
between the solid portions of the tri-state bodies and
the contaminant  particles deposited on the substrate
surface. After being cleaned by the pressure-driven
flow  cleaning apparatus, the substrate is moved from
the first cleaning zone 802 to a second 20 cleaning
zone 806 using a substrate carrier on tracks that
connect the first 802 and the second  cleaning zones
806. The second cleaning zone 806 includes a proximity
head unit that is  configured to apply a liquid
meniscus to rinse any remaining tri-state body
cleaning material  off the substrate surface and apply
a vacuum to dry off leftover liquids on the substrate
surface. In one embodiment, the proximity head unit is
further configured to supply a gas to 25 enhance
drying of the surface of the substrate. Example of
appropriate gases to use for this  application include
IPA vapor, air, nitrogen (N2), argon (Ar), oxygen
(02), ozone (03) [00551 Figure 9 is a flowchart of a
method for cleaning a substrate, in accordance with
one  embodiment of the present invention. Diagrams of
the cleaning apparatus utilized in this  method are
shown in Figures 7, 8A, and 8B. Method 900 starts with
operation 902 where a 30 substrate having a particle
deposited thereon is inserted into the containment
conduit. As  discussed previously, the substrate can
be either a semiconductor wafer or a LCD flat panel.  



The method 900 continues on to operation 904 where a
tri-state body foam is supplied to the 16  containment
conduit through an inlet valve of the containment
conduit. As discussed  previously, the tri-state body
foam is supplied via a reservoir that is operatively
connected to  the inlet valve. Also, the tri-state
body foam is comprised of a plurality of tri-state
bodies  each having a solid portion, a liquid portion,
and a gas portion. 5 [0056] The method 900 proceeds to
operation 906 where a pressure is applied through the
inlet valve of the containment conduit to establish a
pressure-driven flow for the foam such  that the foam
moves across the surface of the substrate and
interacts with the contaminant  particle on the
surface of the substrate. As disclosed previously, the
solid portions of the tri- state bodies that comprise
the foam is the component of the foam that interacts
with the 10 contaminant particle. These interactions
may be established through one or more mechanisms
including adhesion, collision, and attractive forces.
[0057] Continuing with Figure 9, the method 900
advances to operation 908 where the foam  is removed
along with the particle from the containment conduit
through an outlet valve of  the containment conduit.
The removal of the foam is effectuated by applying a
liquid through 15 the inlet valve of the containment
conduit to rinse the surfaces of the substrate of the
tri-state  body foam. The liquid evacuating the
containment conduit through the outlet valve. The
interactions between the solid portions of the
tri-state bodies and the contaminant particles
resulting in the particle being removed from the
surface of the substrate as the tri-state bodies  are
removed. 20 [0058] Although a few embodiments of the
present invention have been described in detail
herein, it should be understood, by those of ordinary
skill, that the present invention may be  embodied in
many other specific forms without departing from the
spirit or scope of the  invention. Therefore, the
present examples and embodiments are to be considered
as  illustrative and not restrictive, and the
invention is not to be limited to the details provided
25 therein, but may be modified and practiced within
the scope of the appended claims. What is claimed is:
17  Claims 



1. An apparatus for cleaning a substrate, comprising:
a first head unit positioned proximate to a surface of
the substrate, the first head  unit having a first row
of channels defined within the first head unit and
configured to  supply a foam to the surface of the
substrate; and a second head unit positioned
substantially adjacent to the first head unit and
proximate to the surface of the substrate, the second
head unit having, a second row of channels defined
within the second head unit and  configured to supply
a fluid to the surface of the substrate; and a third
row of channels defined within the second head unit
and configured  to apply a vacuum to the surface of
the substrate. 2. The apparatus for cleaning a
substrate, as recited in claim 1, wherein, the first
head unit and the second head unit are operatively
connected to form an integrated  proximity head. 3.
The apparatus for cleaning a substrate, as recited in
claim 1, wherein, the foam is  comprised of a
plurality of tri-state bodies, the tri-state bodies
including a solid portion, a  liquid portion, and a
gas portion. 4. The apparatus for cleaning a
substrate, as recited in claim 3, wherein the solid
portion includes fatty acids. 5. The apparatus for
cleaning a substrate, as recited in claim 1, wherein,
the fluid is  one of a gas or a liquid. 6. The
apparatus for cleaning a substrate, as recited in
claim 5, wherein, the liquid is  one of de-ionized
water or a de-foaming agent. 18  7. The apparatus for
cleaning a substrate, as recited in claim 5, wherein,
the gas is  one of air, ozone (03), oxygen (02),
nitrogen (N2), and argon (Ar). 8. The apparatus for
cleaning a substrate, as recited in claim 1, wherein,
the  apparatus is configured to move translationally
across the surface of the substrate. 9. The apparatus
for cleaning a substrate, as recited in claim 1,
wherein, the second  head unit further includes a
fourth row of channels defined within configured to
supply  isopropyl alcohol (IPA) vapor or carbon
dioxide (C02) to the surface of the substrate.  



10. A method for cleaning a substrate, comprising:
providing a substrate having a surface, the surface
having a particle thereon;  generating a foam
including of a plurality of tri-state bodies, each
tri-state body  having a solid portion, a liquid
portion and a gas portion; applying the foam to the
surface of the substrate through a first set of
applicators;  applying a fluid to the surface of the
substrate through a second set of applicators  in
sufficient quantity to remove the foam from the
surface of the substrate; and applying a vacuum to the
surface of the substrate through a third set of
applicators  to substantially remove the fluid from
the surface of the substrate. 11. The method for
cleaning a substrate, as recited in claim 10, further
including:  supplying isopropyl alcohol (IPA) vapor to
the surface of the substrate through a  fourth set of
applicators. 12. The method for cleaning a substrate,
as recited in claim 10, wherein the foam is  comprised
of a plurality of tri-state bodies, the tri-state
bodies including a solid portion, a  liquid portion,
and a gas portion. 13. The method for cleaning a
substrate, as recited in claim 12, wherein the solid
portion includes fatty acids. 14. The method for
cleaning a substrate, as recited in claim 10, further
comprising: 19  applying a vacuum to the surface of
the substrate through a fourth set of  applicators to
substantially remove the foam from the surface of the
substrate at  an interface between the application of
the foam and the application of the fluid. 15. The
method for cleaning a substrate, as recited in claim
14, wherein, the liquid is  one of de-ionized water
or, a de-foaming agent and de-ionized water. 16. An
apparatus for cleaning a substrate, comprising: a
containment conduit having an inlet end and an outlet
end, the containment  conduit configured for applying
a pressure on a foam passing across a surface of the
substrate and establishing a flow for the foam from
the inlet end to the outlet end; a plurality of
supports enclosed within the containment conduit and
configured to  support the substrate; 



an inlet end valve configured to regulate the flow
into the containment conduit;  and an outlet end valve
configured to regulate the flow out of the containment
conduit; and a controller in communications with the
inlet end valve and the outlet end valve,  the
controller configured to control such that the flow of
foam through the containment  conduit. 17. The
apparatus for cleaning a substrate, as recited in
claim 16, wherein the foam is  comprised of a
plurality of tri-state bodies, the tri-state bodies
including a solid portion, a  liquid portion, and a
gas portion. 18. The apparatus for cleaning a
substrate, as recited in claim 17, wherein the solid
portion includes fatty acids. 19. The apparatus for
cleaning a substrate, as recited in claim 16, wherein
the  plurality of supports are configured to impart a
rotation to the substrate. 20  20. The apparatus for
cleaning a substrate, as recited in claim 16, wherein
a gas is  supplied to the inlet end to apply the
pressure on the foam to establish the flow. 21. The
apparatus for cleaning a substrate, as recited in
claim 16, wherein the flow is  a pressure-driven flow.
22. A method for cleaning a substrate, comprising:
inserting the substrate into a containment conduit,
the substrate having a surface,  the surface having a
particle thereon; supplying a foam to the containment
conduit through an inlet valve of the  containment
conduit; applying a pressure through the inlet valve
of the containment conduit to establish  a
pressure-driven flow for the foam such that the foam
moves across the surface of the  substrate and
interacts with the particle on the surface of the
substrate; and removing the foam along with the
particle from the containment conduit through  an
outlet valve of the containment conduit. 23. The
method for cleaning a substrate, as recited in claim
22, wherein the foam  



includes a plurality of tri-state bodies, the
tri-state bodies including a solid portion, a  liquid
portion, and a gas portion. 24. The method for
cleaning a substrate, as recited in claim 23, wherein
the solid  portion includes fatty acids. 25. The
method for cleaning a substrate, as recited in claim
22, wherein the removal  of the foam is effectuated by
applying a fluid through the inlet valve of the
containment  conduit. 26. A system for cleaning a
substrate, comprising: a first cleaning zone including
a pressure-driven flow unit configured to apply a
foam to a surface of the substrate; 21  a second
cleaning zone including an applicator configured to
dispense a fluid to substantially remove the foam from
the surface of the substrate; and a carrier capable of
holding the substrate and configured to transport the
substrate  translationally from the first cleaning
zone to the second cleaning zone. 27. The system for
cleaning a substrate, as recited in claim 26, wherein
the foam  includes a plurality of tri-state bodies,
the tri-state bodies including a solid portion, a
liquid portion, and a gas portion. 28. The system for
cleaning a substrate, as recited in claim 27, wherein
the solid  portion includes fatty acids. 29. The
system for cleaning a substrate, as recited in claim
26, further including a  controller configured to
regulate the flow through the containment conduit. 30.
The system for cleaning a substrate, as recited in
claim 26, wherein the applicator  is a rinse nozzle
configured to dispense a fluid to the surface of the
substrate. 31. The system for cleaning a substrate, as
recited in claim 30, wherein the fluid is  one of a
liquid or a gas. 32. The system for cleaning a
substrate, as recited in claim 26, wherein the
applicator  is a proximity head unit configured to,
supply a fluid to substantially remove the foam from
the surface of the substrate;  and 



apply a vacuum to substantially remove the fluid from
the surface of the substrate.  33. A system for
cleaning a substrate, comprising: a fluid dispenser
positioned proximate to a surface of the substrate and
configured  to deliver a fluid to the surface of the
substrate; a foam applicator positioned proximate to
the surface of the substrate and  configured to supply
a foam to the surface of the substrate; and 22  a
rotating chuck configured to support and impart a
rotational velocity to the substrate, the substrate
being secured on the rotating chuck by a plurality of
grippers;  34. The system for cleaning a substrate, as
recited in claim 33, wherein, the foam  includes a
plurality of tri-state bodies, the tri-state bodies
including a solid portion, a  liquid portion, and a
gas portion. 35. The system for cleaning a substrate,
as recited in claim 34, wherein the solid  portion
includes fatty acids. 


