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a viscoelastic material on the surface. The viscoelastic material is coated as a thin film and exhibits substantial liquid-like charac-
teristic. An external force is applied to a first area of the surface coated with the viscoelastic material such that a second area of the
surface coated with the viscoelastic material is not substantially subjected to the applied force. The force is applied for a time du-
ration that is shorter than a intrinsic time of the viscoelastic material so as to access solid-like characteristic of the viscoelastic ma-
terial. The viscoelastic material exhibiting solid-like characteristic interacts at least partially with at least some of the particle con-
taminants present on the surface. The viscoelastic material along with at least some of the particle contaminants is removed from
the first area of the surface while the viscoelastic material is exhibiting solid-like characteristics.
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CROSS REFERENCE TO RELATED APPLICATION

[0001] This application is related to U.S. Patent Application No. 12/131,654 (Attorney Docket No.
LAM2P628A) filed on June 2, 2008, and entitled “MATERIALS FOR PARTICLE REMOVAL BY
SINGLE-PHASE AND TWO-PHASE MEDIA,” and to U.S. Patent Application No. 12/165,577
(Attorney Docket No. LAM2P638), filed on June 30, 2008, entitled “SINGLE SUBSTRATE
PROCESSING HEAD FOR PARTICLE REMOVAL USING LOW VISCOSITY FLUID.” This
application is also related to U.S. Patent Application No. 12/262,094 (Attorney Docket No.
LAMZ2P646) filed on October 30, 2008, and entitled “ACOUSTIC ASSISTED SINGLE WAFER
WET CLEAN FOR SEMICONDUCTOR WAFER PROCESS.” The aforementioned patent

applications are incorporated herein by reference.

Background of the Invention

Field of the Invention

[0002] The present invention relates generally to cleaning of solid surfaces, such as semiconductor
substrate, and, more particularly, to methods and apparatus for utilizing an external force to access
solid-like characteristic of a liquid cleaning medium to clean a semiconductor substrate following
fabrication processes.

Description of the Related Art

[0003] It is well-known in the art that there is a need to clean and dry a solid surface that has
undergone a fabrication operation which leaves unwanted defects or contaminant particles on the solid
surface. Examples of such fabrication operations include plasma etching (e.g., via etch or trench etch
for copper dual damascene applications) and chemical mechanical polishing (CMP). Various cleaning
processes have been used in removing the unwanted defects from the surface of the substrate after
cach fabrication operation. Some of the cleaning processes involve selecting a liquid medium with
chemical structure that enables at least partial bonding or interaction with the particle contaminants

and promptly removing the liquid medium along with the particle contaminants.

[0004] Still other processes involve selection of a liquid medium, substantially applying the liquid
medium to cover at least a portion of the substrate, propagating acoustic energy through the liquid
medium and using the acoustic energy to remove particles from the surface of the substrate. The
propagation of acoustic energy through the liquid medium enables cleaning chiefly through cavitation,
microstreaming, and chemical reaction enhancement when chemicals are used as the liquid medium.
Cavitation is the rapid forming and collapsing of microscopic bubbles from dissolved gases in the
liquid medium under the action of sonic agitation. Upon collapse, the bubbles release energy. The

energy from the collapsed bubbles assists in particle removal through breakage of the various adhesion
1
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induced by the velocity gradient from propagation of an acoustic wave through the liquid medium
under a high frequency vibration. The acoustic energy provides the activation energy to facilitate the

chemical reactions within the liquid medium.

[0005] As the critical dimensions of features formed on the surface of the substrate continue to
decrease, the number of sub-micron particles with dimensions that are comparable to the critical
dimensions of the features increases. Due to the critical dimensions of the sub-micron particles, there
is always a need for improved cleaning techniques that substantially clean the surface of the substrate
without damaging the features formed on the substrate so that the yield of devices resulting from the
fabrication is not compromised.

[0006] It is in this context that embodiments of the invention arise.

SUMMARY OF THE INVENTION

[0007] Broadly speaking, the present invention fills these needs by providing a cleaning mechanism
that is capable of providing external force, in a controlled and effective manner, so as to access solid-
like characteristics of a liquid medium applied to a surface of a substrate, such as a semiconductor
substrate. It should be appreciated that the present invention can be implemented in numerous ways,
including as a process, an apparatus, or a system. Several inventive embodiments of the present

invention are described below.

[0008] In one embodiment, a method for cleaning particle from a surface of a substrate, such as a
semiconductor substrate, is provided. The method includes coating a viscoelastic material as a liquid
to the surface as a thin film. An external force is applied at a first area of the surface coated with the
viscoelastic material such that a second area of the surface coated with viscoelastic material is not
substantially subjected to the applied force. The external force is applied for a time duration that is
shorter than an intrinsic time of the viscoelastic material. The short application of external force is
sufficient to enable the viscoelastic material to exhibit solid-like characteristics. The viscoelastic
material is then removed from a region of the first area of the surface along with at least some of the
particles while the viscoelastic material is continuing to exhibit solid-like characteristics during the
application of the force resulting in a fairly clean surface. The viscoelastic material continues to
exhibit the liquid-like characteristic in the second area while the viscoelastic material is being removed
from the region of the first area.

[0009] In another embodiment, a particle removal mechanism for cleaning a surface of a substrate is
provided. The particle removal mechanism includes a carrier mechanism to hold the substrate to be
cleaned, dispense head, a force applicator head and a rinse head. The carrier mechanism is configured
to receive, hold and transport the substrate along an axis. The dispense head is configured to coat a

viscoelastic material as a thin liquid film to the mnz"a.ce of the substrate. The force applicator head is
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material. The force is applied to the viscoelastic material for a time duration that is shorter than an
intrinsic time of the viscoelastic material so as to enable access to the solid-like characteristics of the
viscoelastic material for easy removal. The rinse head is configured to provide a liquid chemical as a
rinse meniscus and to remove the liquid chemical and viscoelastic material along with at least some of
the particles from the first area of the surface while the force is being applied. The viscoelastic
material continues to exhibit liquid-like characteristic in the second area during the removal of the
viscoelastic material in a region of the first area.

[0010] In another embodiment, a particle removal mechanism for removing particles from a surface of
a substrate is provided. The particle removal mechanism includes a receptacle to hold a viscoelastic
material as a liquid medium, a carrier mechanism to receive, support and hold the substrate within the
receptacle so as to provide a thin layer of the viscoelastic material on the surface. A force applicator
mechanism is included to provide a force to a first area of the surface coated with the viscoelastic
material such that a second area of the substrate coated with viscoelastic material is not substantially
subjected to the applied force. The force is applied for a time duration that is shorter than an intrinsic
time of the viscoelastic material so as to enable access to solid-like characteristics of the viscoelastic
material. The force applicator mechanism may also be configured to remove the viscoelastic material
along with at least some of the particle contaminants from a region of the first area on the surface
coated with the viscoelastic material while the force is being applied and while the viscoelastic
material continues to exhibit solid-like characteristics. The viscoelastic material continues to exhibit
liquid-like characteristic in the second area during the removal of the viscoelastic material from the
region of the first area. The resulting surface is substantially clean while preserving the features

formed on the substrate.

[0011] By accessing the solid-like characteristics of the viscoelastic material, the viscoelastic material
is removed as a single piece at the viscoelastic film-substrate interface leaving behind a substantially
clean surface. The process allows thorough removal of the viscoelastic material along with the
particles, now embedded within the viscoelastic material, thereby minimizing the amount of residual
contamination left behind. The embodiments of the invention rely on the liquid-like characteristics of
the viscoelastic material when applied to the surface of the substrate as well as the final rinsing step,
and relies on the solid-like characteristics of the viscoelastic material when removing particles and the
viscoelastic material from the surface. The liquid-like characteristic enables wetting of the surface
topography while the solid-like characteristic enables for at least partial binding or interaction with
particles to be removed and for easy and thorough removal from the surface. This method is effective

and efficient for cleaning the surface of the substrate.
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detailed description, taken in conjunction with the accompanying drawings, illustrating by way of

example the principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings. To facilitate this description, like reference numerals

designate like structural elements.

[0014] Figure 1A illustrates a side view of a simplified block diagram of a particle removal

mechanism using a push force, in one embodiment of the invention.

[0015] Figure 1B illustrates a side view of the simplified block diagram of the particle removal

mechanism using a pull force, in an alternate embodiment of the invention.

[0016] Figure 1C illustrates a simplified block diagram of a particle removal mechanism with an

extended spacer in a leading edge of a rinse head, in one embodiment of the invention.

[0017] Figure 2A illustrates a simplified block diagram of a force applicator head integrated with a

dispense head followed by a rinse head, in accordance with one embodiment of the invention.

[0018] Figure 2B illustrates a simplified block diagram of a dispense head followed by a force
applicator head integrated with a rinse head, in accordance with an alternate embodiment of the

invention.

[0019] Figure 3A illustrates a simplified block diagram of a substrate surface cleaning mechanism for
providing acoustic energy to access solid-like characteristic of a viscoelastic material, in one

embodiment of the invention.

[0020] Figure 3B illustrates an explosive view of a portion of a substrate surface cleaning mechanism

illustrated in Figure 3A.

[0021] Figure 4A illustrates a side view of an alternate embodiment using an oscillatory motion for

removing particle contaminants, in one embodiment of the invention.
[0022] Figure 4B illustrates a top view of the embodiment illustrated in Figure 4A.
[0023] Figure 5 illustrates a flow chart of operations for providing external force to access solid-like

characteristics of a viscoeclastic material, in one embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0024] Several embodiments for effectively removing particle contaminants from a surface of a

substrate are now described. It will be obvious, however, to one skilled in the art, that the present
4
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known process operations have not been described in detail in order not to unnecessarily obscure the

present invention.

[0025] Embodiments of the invention provide a particle removal mechanism for cleaning a surface of
a substrate using a viscoelastic material and providing an external force to access the solid-like
characteristic of the viscoelastic material. The viscoelastic material is selected such that the chemical
structure of the material allows for at least partial binding or interaction with particle contaminants
that are to be removed from the surface. The viscoelastic material is coated on to the surface as a thin
film of liquid and the external force is applied to a first area of the surface coated with the viscoelastic
material such that a second area of the surface coated with viscoelastic material is not substantially
subjected to the applied force. The force is applied for a time duration that is shorter than an intrinsic
time of the viscoelastic material so as to access solid-like characteristics of the viscoelastic material in
a region of the first area. The viscoelastic material is removed from a region of the first area of the
surface along with at least some of the particles while the external force is being applied and the
material is still exhibiting solid-like characteristic. The viscoelastic material continues to exhibit
liquid-like characteristics in the second area during the removal of the viscoelastic material from the
region of the first area. The resulting substrate is substantially clean. The solid-like characteristic of

the viscoelastic material enables easy and thorough removal of the material.

[0026] The embodiments of the invention provide an effective and efficient mechanism to remove
particles from surfaces. Some of the substrates that may benefit from these embodiments include
silicon substrates for semiconductor, flat panel display, solar, or imaging sensor application surface, by
accessing the solid characteristics of a viscoelastic material. Accessing the elastic or solid nature of
the viscoelastic material enables easy removal of the material without damaging the features, thereby
enhancing the yield of electronic devices (semiconductor devices) formed on the surface, such as a
semiconductor substrate. The embodiments of the invention rely on the liquid-like characteristics of
the viscoelastic material when applied to the surface of the substrate as well as the final rinsing step,
and relies on the solid-like characteristics of the viscoelastic material when removing particles and the
viscoelastic material from the surface. It is well known in the art that most of the contaminants on the
substrate are left behind by chemicals used in fabrication and cleaning processes. As a result, by
accessing the solid-like characteristic, the embodiments ensure thorough removal of the viscoelastic
material thereby significantly reducing the amount of contaminants, such as viscoelastic material, left
behind by the cleaning process. Thus, the embodiments provide an effective and efficient cleaning

Proccess.

[0027] It should be noted that the external force may be applied during the viscoelastic material

dispense process, between the viscoelastic material dispense process and rinse process, during the
5
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embodiments access the elastic or solid-like nature of the viscoelastic material, which occurs when the
application time of the force is less than an intrinsic time of the material. In this elastic dominant
zone, the force transmitted from the viscoelastic material to the particle contaminant on the surface is
sufficient and efficient for overcoming particle-to-surface adhesion and for successfully detaching the
particles from the surface. This results in utilizing less force to efficiently overcome particle-to-surface
adhesion and to successfully detach the particles from the surface. Once the particle-to-surface
adhesion has been overcome, a rinsing process removes the material along with at least some of the
particles from the surface. As can be seen, the particle removal can occur anytime after dispense of
the viscoelastic material but before complete rinsing process. As a result, the force is applied prior to
the rinsing process in some embodiments while in some other embodiments the force is applied during

the rinsing process.

[0028] The viscoclastic material is selected such that the chemical structure associated with the
viscoelastic material enables at least partial binding or interacting with the particle. In some
embodiments, the viscoelastic material may be a long-chain polymer. When a force is applied to the
viscoelastic material, the viscoelastic material starts exhibiting solid-like characteristics at the location
where the force is applied. The solid-like characteristics enable the material to be easily peeled away
from the substrate surface. The viscoelastic material is not restricted to long-chain polymers but may
include suspensions, worm-like micelles, surfactants, magneto/electro-rheological solutions, and other

viscoelastic solids such as rubbers, gels, and adhesives as well as combinations of the former.

[0029] With the above general understanding of the application of external force to access solid-like
characteristic of a liquid medium, such as a viscoelastic material, different embodiments of the

invention will now be described in detail with reference to the various drawings.

[0030] Figure 1A illustrates a side view of a simple block diagram of a particle removal mechanism.
The particle removal mechanism includes a carrier mechanism (not shown), a dispense head 105, a
force applicator head 115 and a rinse head 125. The carrier mechanism is configured to receive, hold
and transport a substrate 100, such as a semiconductor substrate, along an axis. The carrier
mechanism may be any conventional carrier mechanism that is well known in the art or can include
any other novel mechanism that provides the functionality of a conventional carrier mechanism. The
dispense head 105 is configured to coat a cleaning chemical, such as a viscoelastic material, as a thin
film meniscus to the surface of the substrate 100. The viscoelastic material is selected such that it has
a chemical structure that at least partially binds or interacts with a plurality of particle contaminants on
the surface of the substrate 100. The viscoelastic material exhibits substantial liquid-like

characteristics when applied to the surface of the substrate 100.
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surface coated with viscoelastic material. The application of the external force is such that a second
arca of the surface coated with viscoelastic material is not substantially subjected to the applied force.
In one embodiment, the first area of the surface coated with viscoelastic material is away from a
dispense inlet and the second area is proximal to the dispense inlet of the dispense head. An elastic
dominant zone 110 is created in the first area where the force is applied. The viscoelastic material
exhibits liquid-like characteristic 116-a up till the elastic dominant zone 110. While exhibiting liquid-
like characteristic, the material is easily applied on the surface and subsequently rinsed from the
surface. In the elastic dominant zone 110, the energy from the force induces pulsing within the
viscoelastic material. . At this point, the viscoelastic material starts exhibiting solid-like
characteristics 116-b so it is easy to tug on the material and peel-off from the surface. The viscoelastic
material, exhibiting solid-like characteristic, interacts at least partially with at least some of the particle
contaminants on the surface and at least partially binds with the particle contaminants. The bound
particle contaminants are removed from a region of the first area along with the viscoelastic material
while the force is being applied and the viscoelastic material continues to exhibit solid-like
characteristic. The viscoelastic material continues to exhibit the liquid-like characteristic in the second
arca during the removal of the viscoelastic material from the region of the first area. Thus, the
embodiments work on different modes of operation (solid and liquid) successfully exploiting each

mode of operation resulting in a substantially clean substrate 100.

[0032] In the embodiment illustrated in Figure 1A, the external force is a push force, a force that
impinges normally or at an angle to the wafer surface, provided at the elastic dominant zone 110 by
the force applicator head 115. The push force provides sufficient energy to the viscoelastic material so
as to access the solid-like characteristic. While the viscoelastic material is exhibiting the solid-like
characteristic, the viscoelastic material is removed from a region of the first area using the same push
force by blowing the material away from the surface. The viscoelastic material carries away at least
some of the particle contaminants that have successfully interacted with the viscoelastic material

during the cleaning process.

[0033] Additional rinsing is performed by the rinse head 125 so that the resulting solid surface 100 is
sufficiently clean. Towards this end, the rinse head 125 is configured to supply a liquid or liquid
chemical as a rinse meniscus to rinse the substrate surface after the cleaning process and to remove the

rinse meniscus after successful rinsing.

[0034] Although the aforementioned embodiment is described to the use of a force applicator head,
the force applicator head is optional. In one embodiment, the particle removal mechanism may
include a dispense head to apply a film of viscoelastic material to the surface of the substrate followed

by a rinse head to rinse the surface of the substrate. In this embodiment, the rinse head provides the
7
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casy removal of the viscoelastic material along with any particle contaminants from the surface of the

substrate.

[0035] In another embodiment, the external force is a pull force, a force directed away from the wafer
either normal or at an angle to the wafer surface. Figure 1B illustrates a particle removal mechanism
depicting the workings of a pull force applied at the surface of the substrate 100. In this embodiment,
the pull force, such as a suction force, is provided at the elastic dominant zone 110 by the force
applicator head 115. The pull force provides sufficient energy to transform the liquid-like
characteristic of the viscoelastic material to solid-like characteristic. In addition to providing the force
to transform the characteristic of the viscoelastic material, the pull force is configured to remove the
viscoelastic material from the elastic dominant zone 110 on the surface of the substrate while the
viscoelastic material continues to exhibit solid-like characteristic, thereby resulting in a substantially

clean substrate surface.

[0036] In one embodiment of the invention, the particle removal mechanism may include extended
spacer to extend an effect of the force on the viscoelastic material. Figure 1C illustrates a particle
removal mechanism with an extended spacer 128 integrated on a leading edge of the rinse head 125.
The carrier (not shown) receives, supports and transports the substrate along an axis under each of the
dispense head 105, the force applicator head 115 and the rinse head 125, respectively. As the substrate
100 moves under the dispense and force applicator heads, the substrate surface gets exposed to the
viscoelastic material dispensed by the dispense head 105 and the external force applied by the force
applicator head 115. As the substrate 100 continues to move along the axis under the rinse head 125,
the extended spacer 128 integrated at the leading edge of the rinse head 125 acts as a tunnel and
creates a “tunnel effect” within the rinse head extending the force effect on the viscoelastic material.
By adding the extended spacer 128 in the leading edge of the rinse head within the particle removal
mechanism, the amount of force applied to the viscoelastic material could be reduced while continuing
to provide the same effect as a force without any extended spacer. In the case where there is no
extended spacer provided, a greater amount of force has to be applied to the viscoelastic material in
order to effectively remove comparable amount of particle contaminants. In one embodiment, the
extended spacer is located such that the spacer 128 creates an extended force effect on the viscoelastic

material prior to entering the rinse meniscus.

[0037] The force applicator head 115 may remain distinct or may be integrated with any one of a
dispense head 105 or a rinse head 125. Figure 2A illustrates an embodiment wherein the force
applicator head 115 is integrated with the dispense head 105. In this embodiment, the force applicator
head 115 is integrated on a trailing edge of the dispense head 105 resulting in an integrated head 120.

The dispense head 105 coats a viscoelastic material as a thin film of liquid to the surface of the
8
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substrate coated with the liquid film defining an elastic dominant zone 110. The force is applied for a
time duration that is shorter than a intrinsic time of the viscoelastic material. If the force is applied
slowly at the elastic dominant zone 110, the viscoelastic material will remain substantially liquid
retaining liquid-like characteristic. However, if the force is applied rapidly for a shorter duration than
the intrinsic time of the viscoelastic material, the viscoelastic material will start exhibiting solid-like
characteristic. In the various embodiments described herein, the viscoelastic material is selected so as
to have a longer intrinsic time. In one embodiment, the viscoelastic material may have a intrinsic time
of 1 second. In this embodiment, if the external force is applied for a time duration of less than one

second, the viscoelastic material will begin to exhibit solid-like characteristic.

[0038] In one embodiment, an extended spacer may be provided at a trailing edge of an integrated
head 120 which consists of dispense head and force applicator head, as illustrated in Figure 2A. In
this embodiment, the force applicator head 115 is integrated on a trailing edge of the dispense head
105 and an extended spacer 128 is provided at the trailing edge of the integrated head 120. As
explained earlier, the extended spacer 128 extends the effect of the force provided by the force
applicator head. By using extended spacer 128, smaller force may be used to overcome the adhesive
force between the solid surface and the particle contaminants resulting in efficient removal of the

particle contaminants from the surface.

[0039] In yet another embodiment of the invention, the force applicator head 115 may be integrated
with a rinse head 125 as illustrated in Figure 2B. In this embodiment, the force applicator head 115 is
integrated on a leading edge of the rinse head 125 resulting in an integrated head 120. A dispense
head 105 is configured to coat a viscoelastic material as a thin film of liquid meniscus to a surface of
the substrate100. The substrate is moved under the dispense head 105 so as to be coated with
viscoelastic material as a thin film of liquid meniscus 116-a. The surface is then moved under the
force applicator head 115 within the integrated head 120. The force applicator head 115 applies an
external force to a first area of the liquid meniscus 116-a defining an elastic dominant zone 110 for a
time duration that is shorter than a intrinsic time of the viscoelastic material. The force provides
sufficient energy to allow the viscoelastic material to exhibit solid-like characteristic 116-b in the
region of the first area during the application of the force enabling easy peel off by tugging on the
material resulting in a substantially clean substrate surface. The viscoelastic material coated on the
surface of the substrate continues to exhibit liquid-like characteristic in the second area during the

removal from the region of the first area.

[0040] In one embodiment, the force applicator head is integrated on the leading edge of rinse head

outside a boundary of the viscoelastic material meniscus. In another embodiment, the force applicator
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meniscus. The above embodiments are considered exemplary and are in no way limiting.

[0041] In yet another embodiment of the invention, the integrated head 120 of Figure 2B may
additionally include an extended spacer 128 between the force applicator head 115 and rinse head 125,
as illustrated in Figure 2B. The extended spacer 128 extends the effect of the force applied to the
viscoelastic material on the surface resulting in the usage of a substantially smaller force to overcome

the adhesive force between the particle contaminants and surface.

[0042] As mentioned earlier, the external force could be a push force or a pull force. The push force
could be a force that impinges normally or at an angle to the wafer surface supplied by either an inert
gas or a liquid chemistry. The inert gas could be Nitrogen, air or any other inert gas and the liquid
chemistry could be de-ionized water (DIW) or any other liquid chemistry. The pull force could be a
force directed away from the wafer either normal or at an angle to the wafer surface provided by
vacuum, inert gas or a liquid chemistry. Similarly, the dispense head 105, force applicator head 115
and rinse head 125 may be distinct linear proximity heads. It should be understood that the
embodiments are not restricted to linear proximity heads but may be extended to include spin heads or

may use other batch cleaning mechanisms, as well.

[0043] For more information on proximity heads, orientation and configuration of proximity heads,
configuration and functions of arm assembly, and transducers within proximity heads for cleaning
using acoustic energy, reference can be made to U.S. Application No. 10/611,140 filed on June 30,
2003, entitled “METHOD AND APPARATUS FOR CLEANING A SUBSTRATE USING
MEGASONIC POWER” and assigned to the assignee of the current application, which is incorporated

herein by reference.

[0044] Exemplary proximity heads and their respective configurations and patterns of the inlet
conduits as well as the outlet conduits may be seen in U.S. Patent Applications Nos. 10/261,839,
10/404,270, and 10/330, 897 which have been incorporated herein by reference. Therefore, any, some,
or all of the proximity heads described herein may be utilized in any suitable configuration for suitable
substrate cleaning and drying. In addition, the proximity head may also have any suitable numbers or
shapes of outlet conduits and inlet conduits.

[0045] For more information on the viscoelastic material used for cleaning the substrate, reference can
be made to U.S. Provisional Application No. 61/013950 filed on December 14, 2007, entitled
“MATERIALS AND METHODS FOR PARTICLE REMOVAL BY SINGLE-PHASE AND TWO-
PHASE MEDIA,” assigned to the assignee of the instant application, which is incorporated herein by

reference.

[0046] In another embodiment, the force could induce oscillatory motion in the liquid meniscus of the

viscoelastic material. Figure 3A illustrates a sirm‘l'0 hlack diagram of a particle removal mechanism to
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workings of a transducer 406. In this embodiment, the force applicator head 115 is equipped with a
transducer 406 to generate acoustic energy that induces oscillatory motion within the viscoelastic
material applied at the surface of the substrate. The transducer 406 includes a transducer body 406b
and a piezo electric element 406a that is connected to a power supply 408. The power supply 408
could be any type of power-supply, such as radio-frequency power supply. The transducer 406 is
located close to a bottom surface of the force applicator head 115 facing a top surface of the surface of
the substrate such that acoustic energy generated at the transducer 406 is transferred without
substantial loss in strength. The transducer body 406b receives the power from the power-supply 408
through the piezo electric element 406a and converts the power into acoustic energy. The acoustic
energy is then transmitted to a first area of the viscoelastic material supplied by the dispense head 105
as a liquid meniscus. In one embodiment, a liquid medium may be applied through the force
applicator head 115 and the acoustic energy from the transducer 406 within the force applicator head
115 is transmitted to the first area of the viscoelastic material through the liquid medium which acts as

a couplant.

[0047] The transducer 406 may be of any suitable size, shape, and number as long as the transducer
406 is able to fit within the geometry of the force applicator head 115 and may apply acoustic energy
to the substrate and introduce pulsing in the meniscus 116a. It should be appreciated that the
transducer 406 may be located in any suitable region of the force applicator head that stands distinct or
is integrated with the dispense head or rinse head so long as the transducer 406 is capable of applying

pulsing to the meniscus 116a.

[0048] The acoustic energy provides a force that is strong enough to induce oscillatory motion through
pulsing within the viscoelastic material. The force is applied to a first area of the substrate surface
coated with the viscoelastic material such that a second area of the substrate surface coated with the
viscoelastic material is not substantially subjected to the applied force. The force is applied for a time
duration that is shorter than the intrinsic time of the viscoelastic material enabling access to the solid-
like characteristic of the viscoelastic material. While exhibiting solid-like characteristic, the
viscoelastic material interacts or binds at least partially with at least some of the particle contaminants.
As the viscoelastic material continues to experience the force and exhibits solid-like characteristic in a
region of the first area, the viscoelastic material and the particle contaminants are removed from the
surface resulting in a substantially clean substrate surface. The viscoelastic material continues to
exhibit liquid-like characteristic in the second area during the removal of the viscoelastic material

from the region of the first area.

[0049] In another embodiment, the oscillatory motion is provided by mechanical force. In this

embodiment, a mechanism to provide mechanical force is included in the force applicator head. The
11
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mechanical agitation within the viscoelastic material applied on the surface of the substrate. The
mechanical agitation enables the viscoelastic material to exhibit solid-like characteristic. The solid-
like characteristic interacts or binds at least partially with at least some of the particle contaminants
and enables easy removal of the viscoelastic material along with the entrapped particle contaminants
from the surface resulting in a substantially clean substrate surface. The aforementioned embodiments
were described in terms of the viscoelastic material being a single phase chemical. Thus, although the
viscoelastic material exhibits both solid-like and liquid-like characteristics, the viscoelastic material in
the aforementioned embodiments, when applied to the surface of the substrate, was as a single phase

chemical. The embodiments are not restricted to a single-phase chemical.

[0050] The viscoelastic material may be a two-phase (a solid-liquid, a solid-gas, or a liquid-gas)
chemical or a three-phase (solid-liquid-gas) chemical. For more details about the two-phase chemical
and three-phase chemical, reference can be made to U.S. Patent Application No. 12/131,654,
(Attorney Docket # LAM2P628A), filed on June 2, 2008, entitled “Materials and Methods for Particle
Removal by Single Phase and Two-Phase Media, U.S. Application No. 12/131,660, (Attorney Docket
# LAM2P628C), filed on June 2, 2008, entitled “Methods for Particle Removal by Single Phase and
Two-Phase Media, and to U.S. Patent Application No. 11/532,491, (Attorney Docket # LAM2P548B),
filed on September 15, 2006, entitled “Method and Material for Cleaning a Substrate”, U.S.
Application No. 12/165,577, (Attorney Docket # LAM2P638), filed on June 30, 2008, entitled “Single
Substrate Processing Head for Particle Removal using Low Viscosity Fluid”, which are incorporated

herein by reference.

[0051] In one embodiment, the viscoelastic material may have a chemical structure that may include
multiple intrinsic times. In this embodiment, the pull force, the push force or the oscillatory force may
be fine tuned to optimally access the solid-like characteristic of the viscoelastic material. The
viscoelastic material may include any one of suspension, worm-like micelles, surfactants,
magneto/electro-rheological solutions and viscoelastic solids, such as rubber, gels, and adhesives and

any combination of the former.

[0052] In yet another embodiment, a particle removal mechanism may include a nozzle or spray to
introduce a push or a pull force to a viscoelastic material applied on the surface of the substrate.
Figure 4A illustrates a side view of a simplified particle removal mechanism and Figure 4B illustrates
a top view of the particle removal mechanism illustrated in Figure 4A. In this embodiment, a
receptacle 410 is used to receive and hold a viscoelastic material as a liquid medium. The particle
removal mechanism also includes a carrier mechanism 420 to receive, support and move a substrate
100 along an axis within the receptacle 410 so that a thin layer of viscoelastic material is coated on the

surface of the substrate 100. The carrier mechanism 420 may, in turn, be connected to a mechanism,
12
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force applicator mechanism 430 is used to provide an external force to the viscoelastic material
covering the surface of the substrate for a time period shorter than an intrinsic time of the viscoelastic
material. The force applicator mechanism 430 may be a nozzle or a high-speed rinse gun that provides
a push force of inert gas or liquid chemical (DIW) to the viscoelastic material. The force applicator
mechanism 430 may also provide a pull force using vacuum. The force applicator mechanism 430 is
connected to a reservoir that provides the vacuum flow, the inert gas flow or liquid chemical flow.

The force applicator mechanism is not restricted to the nozzle or a high-speed rinse gun but can extend
to other types of mechanism that are capable of providing external force to the viscoelastic material.

In one embodiment, the force application includes two phase rinse using a push force. In this
embodiment, the force applicator mechanism 430 provides the inert gas or liquid chemical in a jet
spray followed by a spray of air to dry the chemical out. Although specific examples have been

embodied, it should be noted that variations of these embodiments are also possible.

[0053] In one embodiment, the force applicator mechanism is mounted on a moveable arm, as shown
in Figures 4A and 4B. The moveable arm is used to move the force applicator mechanism 430 to
appropriate positions over the surface of the substrate so that a force may be applied to a first areca of at
least a portion of the solid surface coated with the viscoelastic material. The force is applied such that
a second area of the surface of the substrate coated with viscoelastic material is not substantially
subjected to the applied force. In one embodiment, the carrier mechanism supporting the solid surface
may be rotated along an axis of rotation relative to the external force applied by the force applicator
mechanism so that the external force is applied substantially evenly to the first area of the surface of
the substrate coated with viscoelastic material. Upon the application of the force, the viscoelastic
material in the first area starts exhibiting solid-like characteristic. The viscoelastic material, at this
time, interacts or binds at least partially to at least some of the particle contaminants found on the
surface of the substrate. While the force is being applied and the viscoelastic material in the first arca
continues to exhibit solid-like characteristic, the viscoelastic material is removed along with some of
the particle contaminants that have interacted with the material. The viscoelastic material applied to
the surface of the substrate in the second area continues to exhibit liquid-like characteristic during the
removal of the viscoelastic material from a region of the first area. In this embodiment, the force
applicator mechanism 430 is configured to not only apply the external force but also to help in
removing the viscoelastic material from the first area of the surface while the viscoelastic material is
exhibiting the solid-like characteristic. Removal of the viscoelastic material from a region of the first

arca is enabled by either a pulling force or pushing force using inert gas, a liquid chemical or vacuum.

[0054] Although the embodiments illustrated in Figures 4A and 4B disclose the force applicator

mechanism disposed on a moveable arm, variations of this embodiment can also be considered. For
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the force applied to a first area of the surface of the substrate while the second area of the surface of
the substrate with viscoelastic material is not substantially subjected to the applied force. In this
embodiment, a mechanism (such as “chuck” mechanism) on which the substrate is received and
supported, rotates the substrate along an axis of rotation so that the surface of the substrate is
uniformly exposed to the applied force. The viscoelastic material exposed to the applied force starts
exhibiting solid-like characteristics and is removed from the surface along with particle contaminants

that have interacted with the viscoelastic material.

[0055] It should be noted that the embodiments are not restricted to the application of the viscoelastic
material to a portion of the surface of the substrate but can include other variations, such as
embodiments wherein the viscoelastic material is applied to cover the entire surface of the substrate.
In one embodiment, the viscoelastic material is dispensed so as to coat the entire surface of the
substrate starting from a center and proceeding to the edge, then rinsed from center towards the edge
by the application of either a push force or a pull force so that the viscoelastic material may exhibit
solid-like characteristics. In another embodiment, a full-back megasonics or acoustical vibration is
applied to the viscoelastic material covering the entire surface, instead of a pull or push force
mentioned in the prior embodiment, while simultaneously rinsing the entire surface of the substrate
starting from the center and proceeding towards the edge. In yet another embodiment, a mechanical
oscillatory motion is applied to the viscoelastic material covering the entire surface of the substrate
instead of the acoustical vibration mentioned in the prior embodiment, while simultaneously rinsing

the entire substrate starting from the center.

[0056] Optimal removal of contaminant particles from a surface depends on various parameters
including parameters associated with the force being applied, parameters associated with viscoelastic
material, parameters associated with dispense head, force applicator head, rinse head and optionally
extended spacer when integrated into the dispense head or rinse head. Some of the parameters that are
considered during removal include amount of pull/push force, gap between corresponding heads and
the solid surface, angle of pull or push force, size of extended spacer, dispense volume of viscoelastic
material onto the surface, etc. In one embodiment where a pull force is applied (suction or vacuum
force) using inert gas (Nitrogen or air) flow, the various parameters that have shown promising results
in optimal removal of viscoelastic material along with particle contaminants include about 10 to about
1000 standard liters per minute (slm) suction air flow, with preferably about 200 to about 500 slm
suction air flow; about 0.3 mm to about 3 mm solid surface-to-head gap, with preferably about 0.5-1
mm gap; about 0 degree (normal to the solid surface) to about 60 degrees suction flow angle, with
preferably about 0 deg to about 30 degree angle; about 5 to about 100 mm extended spacer length

(where available), with preferably about 10 mm to about 50 mm spacer length; and about 10 ml/minute

14



10

15

20

25

30

35

to abouVVORNYIIHE dispense volume, with preferably about 100 ml/minut?GI/AB2010/050842

ml/minute dispense volume. The above parameters may be applicable to the force applicator head
(FAH) integrated on leading edge of rinse head outside of a boundary of the viscoelastic material
meniscus, FAH integrated on leading edge of rinse head inside of a boundary of the viscoelastic
material meniscus, FAH integrated on trailing edge of dispense head or when FAH remains distinct

from the rinse head and the dispense head and is positioned between the dispense and rinse heads.

[0057] In another embodiment where a pull force (suction force) is applied using liquid (DIW) flow,
the various parameters that have shown promising results in optimal removal of viscoelastic material
along with particle contaminants include about 100 ml/min to about 5000 ml/min suction liquid flow,
with preferably about 1000 ml/min to about 4000 ml/min suction liquid flow; about 0.1 mm to about 3
mm solid surface-to-head gap, with preferably about 0.3 mm to about 1 mm gap; and about 0 degree
(normal to the substrate surface) to about 60 degrees suction flow angle, with preferably about 0 deg to
about 30 degree angle; about 5 to about 100 mm extended spacer length, with preferably about 10 mm
to about 50 mm spacer length; about 10 ml/minute to about 500 ml/minute dispense volume, with
preferably about 100 ml/minute to about 200 ml/minute dispense volume. The above parameters may
be applicable to the force applicator head (FAH) near the leading edge or the trailing edge of the rinse

head within a boundary of the viscoelastic material meniscus.

[0058] In another embodiment where a push force is applied (such as blow force) using inert gas
(Nitrogen or air) flow, the various parameters that have shown promising results in optimal removal of
viscoelastic material along with particle contaminants include about 10 slm to about 100 slm gas flow,
with preferably about 30 to about 80 slm gas flow; about 0.5 mm to about 15 mm substrate surface-to-
head gap, with preferably about 1 to about 5 mm gap; about 0 degree (normal to the substrate surface)
to about 60 degrees suction flow angle, with preferably about 30 deg to about 45 degree angle; about 5
to about 100 mm extended spacer length, with preferably about 10 mm to about 50 mm spacer length;
and about 5 ml/minute (substrate surface) to about 100 ml/minute dispense volume, with more
preferably about 10 ml/minute to about 30 ml/minute dispense volume. The above parameters may be
applicable where the force applicator head (FAH) is integrated on leading edge of rinse head, FAH
integrated on trailing edge of dispense head, or when FAH remains distinct from the rinse head and the
dispense head and is positioned between the dispense and rinse heads. The FAH is located such that

the inert gas flow impinges on the viscoelastic material meniscus applied on the solid surface.

[0059] In another embodiment where a pull force is applied (such as blow force) using a liquid
chemical (DIW) flow, the various parameters that have shown promising results in optimal removal of
viscoelastic material along with particle contaminants include about 100 ml/min to about 5000 ml/min
liquid chemical flow, with preferably about 2000 to about 4000 ml/min liquid chemical flow; about

0.1 mm to about 3 mm substrate surface-to-head gap, with preferably about 0.3 to about 1 mm gap;
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preferably about 0 deg to about 30 degree angle. about 5 to about 100 mm extended spacer length,
with preferably about 10 mm to about 50 mm spacer length. The above parameters may be applicable
where the force applicator head (FAH) is near the leading edge or the trailing edge of rinse head but

within a boundary of viscoelastic material meniscus.

[0060] In addition to the parameters associated with pull/push forces using inert gas or liquid chemical
flow, the embodiments may be used to provide oscillatory motion using force applied through acoustic
energy, mechanical energy or through other forms of energy. The oscillatory motion may be applied
by pulsing dispense or pulsing suction flow of a viscoelastic material supplied to the surface of the
substrate by applying oscillatory force adjacent to the dispense head. Alternately, mechanical
oscillation may be provided by pulsing dispense or pulsing suction of Deionized water (DIW) rinse
flow using oscillatory force adjacent to the dispense head. For the viscoelastic material having an
intrinsic time of 0.5 seconds, pulsing frequency of about 2 Hz to about 1000 Hz, with preferably about
10 Hz to about 100 Hz has shown promising result in the optimal removal of particle contaminants by

accessing solid-like characteristic of the viscoelastic material.

[0061] Similarly, for acoustic oscillation with ultrasonic or megasonic plate coupled to viscoelastic
material and solid surface through DIW, the parameters associated with the acoustic energy that have
shown promising results in optimal removal of the particle contaminants from the surface include,
pulsing frequency using ultrasonic energy of about 10 kHz to about 500 kHz, and more preferably
about 44 kHz, 88 kHz or 132 kHz, or pulsing frequency using megasonic energy of about 800 kHz to
about 2 MHz, and more preferably about 1.4 MHz provided through about 10 to about 1000 Watt
power source. In this embodiment, the DIW acts as a couplant to transmit the acoustic energy to the

viscoelastic material.

[0062] The mechanism of contaminant particle removal is explained with respect to the access of
different modes of operation of the viscoelastic material. The viscoelastic material exhibits substantial
liquid-like characteristic up to the point where an external force is applied at which time the
viscoelastic material exhibits substantial solid-like characteristic. The solid-like characteristic helps in
grabbing the particle contaminants easily. This is because when a solid, such as particle contaminants,
is underneath a liquid and a force is exerted from the top of the liquid, only a portion of the force from
the liquid can transmit to the underlying solid before the liquid dissipates. On the other hand, when a
first solid is on top of a second solid (particle contaminant) and a force is exerted to the second solid
from the top of the first solid, the force applied to the first solid can be completely transmitted to the
second solid underneath the first solid without fear of dissipation of the first solid. The viscous nature
of the viscoelastic material exhibiting liquid-like characteristic enables easy application on the surface

and subsequent removal from the surface and the solid-like characteristic enables grabbing the
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promising results please refer to U.S. Patent Application No. 12/131,654 (Attorney Docket No.
LAM2P628A) filed on June 2, 2008, and entitled “MATERIALS FOR PARTICLE REMOVAL BY
SINGLE-PHASE AND TWO-PHASE MEDIA,” and to U.S. Patent Application No. 12/165,577
(Attorney Docket No. LAM2P638), filed on June 30, 2008, entitled “SINGLE SUBSTRATE
PROCESSING HEAD FOR PARTICLE REMOVAL USING LOW VISCOSITY FLUID,” which are

incorporated herein by reference.

[0063] With the above detailed description of various embodiments, a method for removing particle
contaminants from a substrate surface will now be described with reference to Figure 5. Figure 5
illustrates various process operations involved in successfully removing particle contaminants from a
substrate surface using an external force that accesses solid-like characteristic of a cleaning chemical
applied on the solid surface. The method begins with selecting an appropriate viscoelastic material, as
illustrated in operation 510. The viscoelastic material is chosen so as to include chemical structure
that enables at least partial binding or interaction with at least some of the particle contaminants on the
surface of the substrate and is capable of exhibiting liquid-like and solid-like characteristic based on

force applied to the viscoelastic material.

[0064] The chosen viscoelastic material is coated as a thin film on the surface, as illustrated in
operation 520. The viscoelastic material substantially covers the surface as a thin film. The
viscoelastic material, at this time, exhibits liquid-like characteristic. An external force is applied to a
first area of the viscoelastic material applied on the substrate surface, as illustrated in operation 530.
The external force is applied such that a second area of the substrate coated with viscoelastic material
is not substantially subjected to the applied force. The external force is applied for a time duration that
is shorter than an intrinsic time of the viscoelastic material. The intrinsic time, as used in this
application, is defined as time required for the viscoelastic material to relax. When the force is applied
for a shorter time than the intrinsic time, the viscoelastic material will start exhibiting solid-like

characteristic.

[0065] While the force is being applied and the viscoelastic material is exhibiting solid-like
characteristic, the viscoelastic material successfully interacts at least with some of the particle
contaminants successfully binding the particle contaminants which are then removed from a region of
the first area of the substrate surface along with the viscoelastic material, as illustrated in operation
540, by peeling off the material. It should be noted that the viscoelastic material applied continues to
exhibit the liquid-like characteristic in the second area during the removal of the viscoelastic material
from the first region of the first area. By removing the viscoelastic material while accessing the solid-
like characteristic, a thorough cleaning is enabled resulting in a substantially clean substrate surface.

As a result, contaminants left behind by the cleaning operation is greatly reduced making this a more
17
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viscoelastic material from the first area along with at least some of the particle contaminants by

accessing the solid-like characteristic.

[0066] While this invention has been described in terms of several preferred embodiments, it will be
appreciated that those skilled in the art upon reading the preceding specifications and studying the
drawings will realize various alterations, additions, permutations and equivalents thereof. It is
therefore intended that the present invention includes all such alterations, additions, permutations, and
equivalents as fall within the true spirit and scope of the invention.

What is claimed is:

18



10

15

20

25

30

35

CLAH\/XV)O 2010/103416 PCT/IB2010/050842

1. A method for removing particle contaminants from a surface of a substrate, comprising:

coating a layer of a viscoelastic material to the surface as a thin film, the viscoelastic material
exhibiting liquid-like characteristic and having a chemical structure that allows at least partial
interaction or binding with the particle contaminants present on the surface;

applying a force to a first area of the surface coated with the viscoelastic material such that a
second area of the surface coated with the viscoelastic material is not substantially subjected to the
applied force, the force being applied for a time duration shorter than an intrinsic time of the
viscoelastic material; and

removing the viscoelastic material from the first area while applying the force, the removing of
the viscoelastic material includes removing at least some of the particles from the surface,

wherein the removing occurs in a region of the first area of the surface while the viscoelastic
material is exhibiting solid-like characteristic during the application of the force, and wherein the
viscoelastic material continues to exhibit the liquid-like characteristic in the second area during the
removing in the region of the first area.
2. The method of claim 1, wherein applying a force further includes,

providing a pull force to pull the viscoelastic material away from the surface of the substrate.
3. The method of claim 2, wherein the pull force is provided as vacuum flow.
4. The method of claim 1, wherein applying a force further includes,

providing a push force that pushes the viscoelastic material away from the surface of the

substrate.
5. The method of claim 4, wherein the push force is provided by one of an inert gas or a liquid
chemistry.
6. The method of claim 5, wherein the inert gas is one of air or Nitrogen and wherein the liquid

chemistry is one of De-ionized Water or acrosol.
7. The method of claim 1, wherein applying a force further includes,

providing an oscillatory force to generate pulsing within the viscoelastic material.
8. The method of claim 7, wherein the oscillatory force is provided through one of acoustic
energy or mechanical energy.
9. The method of claim 1, wherein removing the viscoelastic material further includes removing
the viscoelastic material from the first area before the viscoelastic material starts exhibiting liquid-like
characteristics.
10.  The method of claim 1, wherein applying a force further includes,

fine-tuning a frequency of the force to enable access to solid-like characteristic of the
viscoelastic material, when the viscoelastic material exhibits multiple intrinsic time.

19



10

15

20

25

30

35

11, WO 20007103416: aim 1, wherein the viscoelastic material includes anyltgy 9?2003%%3%%15,

worm-like micelles, surfactants, magneto/electro-rheological solutions and viscoelastic solids, such as
rubbers, gels, and adhesives, and any combination thereof.
12. A particle removal mechanism for removing particles from a surface of a substrate, comprising:

a carrier mechanism to receive, hold and transport the substrate along an axis;

a dispense head configured to coat a meniscus of a viscoelastic material as a thin film to at least
a portion of the surface of the substrate, the viscoelastic material substantially exhibiting liquid-like
characteristic;

a force applicator head configured to apply an external force to a first area of the surface coated
with the viscoelastic material such that a second area of the surface coated with the viscoelastic
material is not substantially subjected to the applied force, the external force applied for a time
duration that is shorter than an intrinsic time of the viscoelastic material so as to enable access to solid-
like characteristic of the viscoelastic material; and

a rinse head configured to supply a liquid chemical as a rinse meniscus to rinse the surface and
to remove the viscoelastic material from a region of the first area while the force is being applied by
accessing the solid-like characteristics.

13.  The particle removal mechanism of claim 12, wherein the force applicator head is integrated on
a trailing edge of the dispense head.

14.  The particle removal mechanism of claim 13, wherein the dispense head includes an extended
spacer on the trailing edge to extend effect of the force from the force applicator head.

15.  The particle removal mechanism of claim 12, wherein the force applicator head is integrated on
a leading edge of the rinse head.

16.  The particle removal mechanism of claim 15, wherein the rinse head includes extended spacer
on the leading edge of the rinse head to extend effect of the force from the force applicator head prior
to the surface getting exposed to the rinse meniscus of liquid chemical from the rinse head.

17.  The particle removal mechanism of claim 15, wherein the force applicator head is integrated
outside of a boundary of rinse meniscus.

18.  The particle removal mechanism of claim 15, wherein the force applicator head is integrated
inside of a boundary of rinse meniscus.

19.  The particle removal mechanism of claim 12, wherein the force applicator head is distinct and
is located between the dispense head and the rinse head.

20.  The particle removal mechanism of claim 12, wherein the force applicator head is integrated on
a trailing edge of the rinse head.

21. The particle removal mechanism of claim 12, wherein the force applicator head is configured

to provide a suction force using a vacuum flow of an inert gaseous chemical such as air or Nitrogen.
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to provide a suction force using a vacuum flow of a liquid chemical such as De-ionized water.

23.  The particle removal mechanism of claim 12, wherein the dispense head, rinse head and force
applicator head are one of linear heads or spin heads.

24. A particle removal mechanism for removing particle contaminants from a surface of a
substrate, comprising:

a receptacle configured to hold a viscoelastic material, the viscoelastic material substantially
exhibiting liquid-like characteristics and having chemical structure that at least partially bind or
interact with particle contaminants present on the surface;

a carrier mechanism configured to receive, support and move the substrate along an axis within
the receptacle so as enable a thin film layer of the viscoelastic material to be coated on the surface of
the substrate; and

a force applicator mechanism configured to apply an external force to a first area of the surface
coated with viscoelastic material such that a second area of the surface coated with the viscoelastic
material is not substantially subjected to the applied force, the external force being applied for a time
duration that is shorter than an intrinsic time of the viscoelastic material so as to enable access to solid-
like characteristic of the viscoelastic material in a region of the first area for easy removal of the

viscoelastic material along with at least some of the particles that bind to the viscoelastic material.

25. The particle removal mechanism of claim 24, wherein the force applicator mechanism includes
a motor configured to supply mechanical energy to the thin film of viscoelastic material on the surface
so as to enable pulsing of the viscoelastic material, the mechanical energy being sufficient to allow
access to the solid-like characteristic of the viscoelastic material.

26. The particle removal mechanism of claim 24, wherein the force applicator mechanism includes
a transducer configured to supply acoustic energy to generate oscillatory motion in the thin film of
viscoeleastic material at the surface so as to enable pulsing of the viscoelastic material, the pulsing of
the viscoelastic material enabling access to the solid-like characteristic of the viscoelastic material.

27. The particle removal mechanism of claim 24, wherein the force applicator head further
includes a nozzle to supply one of a pull force or a push force, wherein the nozzle is mounted on a
moveable arm and is connected to a reservoir to supply the pull or the push force to the viscoelastic

material applied on the surface.
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Selecting a viscoelastic material with chemical structure that allows at__|
least partial bonding or interaction with particles

l

Coating the viscoelastic material on a surface of a substrate to
substantially cover the solid surface as a thin film, the surface including
plurality of particles to be removed, the viscoelastic material exhibiting
liquid-like characteristics

|

Applying a force to a first area of the surface coated with the viscoelastic
material such that a second area of the surface coated with the viscoelastic
material is hot substantially subjected to the applied force, the force |
applied for a time duration shorter than an intrinsic characteristic time of
relaxation of the viscoelastic material,

F
Removing the viscoelastic material along with at least some of the
particles from a region of the first area while the external force is being
applied and the viscoelastic material is exhibiting solid-like characteristic,

continuing to exhibit liquid-like characteristic during the removal of the
material from the region of the first area

End

Figure 5
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