METHOD AND APPARATUS FOR REMOVI NG A TARCGET LAYER FROM A SUBSTRATE USI NG
REACTI VE GASES By Inventor: 5 John M de Larios BACKGROUND OF THE
INVENTION 1. Field of the Invention The present invention relates to

sem conduct or manufacturing and, nore particularly, to 10 a nethod of
delivering reactive gases for cleaning siLi con wafer surfaces. 2. _
Description of the Related Art The process of nanufacturing electronic
devices on silicon mafers i nvol ves a conpl ex process of depositing and
removi ng nunber of |ayers. Such |ayers, for exanple, include dielectric
| ayers, EITHQBrANB ARAH‘USyE(H{MM@MINGa&eTS&R{EE'DLW ER

may be renpved 15 either entirely or partially during patterning steps.
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patterned before conducting a plasma etch. After the plasma chem stry
etches the target material, the silicon wafer needs to be cleaned to
renove the organic photoresist. I|f “E‘éflﬂ’é Lc photoresist is not renpved,
the organic photoresist will contaninate the silicon wafer resulting 20 in
damage to the el ectronic devices odohhpL. glclLagien wafer. As such, cleaning
operations define a very critical step that is repeated many tines

t hroughout the processing cycles that define the many |ayers of a

sem conduct or device. One ng _t oresist is to use
ozone (03). Ozone is placed h . w—- phot io(r:e5| st. A
reactionyt her ween the ozone an e or gan .
photore3|1 st, ﬂéﬂ&sgggf\ﬁﬂ??‘h‘g‘ﬁ% he organi c photoresist into CO2. This reaction
therefore enaﬁfheprdstr& inemtivatkelabs thentcgahicor phatAtegingtang Qﬂb%a@@&ﬂély, kh
partj.cul ar e oxj.di zation reactjon requires H2O The oxidization rate
depéilds %ﬂle&mgoﬂ}’?ﬁﬁ h&?li%rre%ﬁl"%?%fwiwanﬁag ﬁ?@ﬂi’ewilifﬁlb Tm&ct@sn: zed wat er (tD| W
and te ratu i s hi y soluble at | ow tenperatures,
but threm%eactpgsnuﬁ&ldn ?fismg lat&fz:%% gh tgrrper atures, ozone has a high
reaction The process of manufacturing electromc devices on silicon wafers involves a complex

process of depositing and removing a number of layers. Such layers, for example, include
dielectric layers, metal layers, polysilicon layers and others layers, all of which may be removed
15 either entirely or partially during patterning steps. Typically, patterning of layer materials
includes the application of an organic photoresist onto the silicon wafer. Then, the photoresist
is patterned before conducting a plasma etch. After the plasma chemistry etches the target
material, the silicon wafer needs to be cleaned to remove the organic photoresist. If the organic
photoresist is not removed, the organic photoresist will contaminate the silicon wafer resulting
20 in damage to the electronic devices on the silicon wafer. As such, cleaning operations define a
very critical step that is repeated many times throughout the processing cycles that define the
many layers of a semiconductor device,
One method to remove organic photoresist is to use ozone (O3). Ozone is placed in
contact with the organic photoresist. A reaction therefore occurs between the ozone and the
25  organic photoresist, thus oxidizing the organic photoresist into CO,. This reaction therefore
enables the removal of the organic photoresist contaminants. In particular, the oxidization
reaction requires H,O. The oxidization rate depends on a combination of solubility of ozone in
deionized water (DIW) and temperature. As is known, ozone is highly soluble at low
temperatures, but the reaction rate is slow. For high temperatures, ozone has a high reaction
30 rate, however, it is less soluble.
US Patent No. 5,464,480 to Matthews discloses a silicon wafer cleaning process that

immerses batches of silicon wafers in a chilled aqueous solution that is highly saturated with



30 rate, however, it is less soluble. US Patent No. 5,464,480 to Matthews
di scl oses a silicon wafer cleaning process that i mrerses batches of
silicon wafers in a chilled aqueous solution that is highly saturated with
2 ozone. As a result of the high saturation, there is a high | evel of

oxi dization wth the organic photoresist2 Imersing the whole silicon
wafer in the aqueous solution also insures that the whole silicon wafer
surface is exposed to the aqueous sol ution. Al though |ow tenperatures
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is slower, while in thinner coated regions the reaction is faster. In view
of the fsél‘@@éﬁ’ﬁé,th@vﬁmﬂe Iimits dearerenp i fsimmthoongt ot bickdhpamif mgitgr ocess t hat
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silicon wafer surface and, as a result of the rotation, more DIW collects at the center than at the
edge of the wafer. In other words, the rotation does not distribute DIW evenly on the silicon
wafer surface. Thus, the non-uniform distribution of the DIW (e.g., thickness) results in poor
and/or non-uniform removal of photoresist contaminants. This non-uniform removal occurs
20 because in some thicker regions the reaction is slower, while in thinner coated regions the
reaction is faster.
In view of the foregoing, what is needed is a semiconductor cleaning process that
efficiently, uniformly and quickly delivers the maximum concentration of reactive gases onto
the silicon wafer surface with minimal use of DIW.

25



the silicon wafer surface with mniml use of DDW 25 3 SUMVARY OF THE

| NVENTI ON Broadl y speaking, the present invention fills these needs by
providing a systemand nethod to renove a |ayer froma substrate surface.
It should be appreciated that the present invention can be inplenmented in
nunerous ways, including as a process, amB apparatus, a 5 system conputer
readabl e nedia, or a device. Several inventive enbodi nents of the present
invention are described bel ow. One embodi nent provides for a nethod to
renove a |layer from a substr SIBMMARVOF. THhANVERSHON | ncl udes providing at

| east one encapsul ating transport where the encapsulating transport

contai ns at | Beeadlysepaekingadhe D@S@ésn\lfemwnefé]ﬁ t}msmaneqmd:lpzlspﬁoatdmgatsrym{eﬂpamd
is appli t Q.the layer,.and the | ayer. is m ca reactiv ayer.
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met hod m'égst. a reacti.}\;e ]???s and a reaction inducing agent to generate at
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contains at | GAStmBaNRA! po0Rick RAS h Yo 4ARm NS 180K Ry o LR fiptloaPphd o5
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reactive %ﬁs and t he apsul ating transport can be applied to the layer.

n
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An alternative embodiment provides for a method to remove a layer from a substrate

surface. The method mixes a reactive gas and a reaction inducing agent to generate at least one
15  encapsulating transport and the encapsulating transport contains at least some of the reactive
gas.

Thereatfter, the method applies the encapsulating transport to a chemically reactive layer,
The encapsulating transport ruptures on the chemically reactive layer and releases the reactive
gas onto the chemically reactive layer to facilitate removal of the layer from the substrate

20 surface.

Another embodiment includes an apparatus for removing a layer from a substrate
surface. The apparatus includes an application unit configured to receive at least one
encapsulating transport. The encapsulating transport contains at least some reactive gas and the
encapsulating transport can be applied to the layer. When the encapsulating transport ruptures,

25  itcauses a reaction between the layer and the reactive gas.

An alternative embodiment includes an apparatus for removing a layer from a substrate
surface. The apparatus includes a reactive gas source, a reaction inducing agent source and an
application unit. The application unit is configured to receive a combination of the reactive gas
obtained from the reactive gas source and the reaction inducing agent obtained from the

30 reaction inducing agent source. Furthermore, the apparatus produces at least one encapsulating
transport containing at least some of the reactive gas. The encapsulating transport can be
applied to the layer, and when the encapsulating transport ruptures, it causes a reaction between

the layer and the reactive gas.



25 it causes a reaction between the |layer and the reactive gas. An

al ternative enbodi nent includes an apparatus for renoving a |layer froma
substrate surface. The apparatus includes a reactive gas source, a
reaction inducing agent source and an application unit. The application
unit is configured to receive a conbinatigon of the reactive gas obtained
fromthe reactive gas source and the reaction inducing agent obtained from
the 30 reaction inducing agent source. Furthernore, the apparatus produces
at | east one encapsul ati rBRIEF PESERIPTEON GV THREDRAWBRRS sone of the
reactive gas. The encapsulating transport can be appiited to the layer, and
when t he encagda Ipad:snemtgntenﬂna pmﬂlbe regulilyromdersichd baulseh llawigaddtaitvd deedriRn in
the | ayer and the ea tive gas. . BRI EF DESCRI PTI ON OF THE DRAW NGS The
present CRVBRTHGN F%%CCP@QHWI% HRERSE ot BiFe t IFETeIel Bnerglsddesigriat like
descri pt k@it eIERl@Jéﬂé”Ct' on with the acconpanying draw ngs, and |ike
reference nunerals designate like structural elenents. 5 Figure 1 shows a
numbed of enc&psud ashovgs 4 NANSRQT kacapellatihdGaispamn i¢TiMee fdaRcR 6@afR80 one
enbodi ment _ of, t he present invention. Figure 2A shows a detailed or

magni f i eamb?@weafo @p}eﬁ@gﬁlﬁ‘éﬁ’@goﬁet ween two encapsul ating transports in
accordance tog resent i,nventi 2 ows . an
encapsul ati ng 3 anspor rup%‘ugrilgt%%&(e;not%agna feﬁl Xle%tce%nﬂéel nl%ﬁrfecfo%gg%c? 95K e
to one ealegsuling dnspdres ipaeSRBAnck Y 6A¢ é@ﬂodxﬂeﬁ%f&ﬁe Bhsed Bavedfognd 3D show
various nmethods to generate foamin accordance to various enbodi ments of
the present i HA8H | Sh@V@Lﬁﬂe§nC@ASU1ﬂtBlg A@nsph avriudEs Shown venghwasmaterial in

enb me 0.t terial layer in accordance to
var :;)lgjus engr&c?ﬂﬁé;%{)i%ofl%%ﬁlgg%%tgggﬁtpr?s {elr?tv?r!r)[ﬂ "15 Figure 5 shows a proximty
head to rendvBighf® 31,088 IC GRd 8D Hovl adusiheMbANR sesds alin u§ WEdoRGBick o
accordance to one enbodi ment of the present invention. Figure 6 is a

f | owchar Yargus epwodimansceidpeprgsins invesfionenovi ng a | ayer from a substrate
Figures 4A, 4B, 4C, 4D and 4E show various embodiments to apply foam to the organic

material layer in accordance to various embodiments of the present invention,
15 Figure 5 shows a proximity head to remove the organic material layer from the substrate
surface in accordance o one embodiment of the present invention,
Figure 6 is a flowchart of the method operations of removing a layer from a substrate

surface in accordance with one embodiment of the present invention.

20



surface in accordance with one enbodi ment of the present invention. 20 5
DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBODI MENTS An invention is disclosed
for a nethod and apparatus for facilitating the removal of layer materials
froma substrate. In the follow ng description, nunerous specific details
are set forth in order to provide a thoriough understanding of the present
I nvention. It wll be 5 understood, however, by one of ordinary skill in
the art, that the present invention may be practiced wthout sonme or all
of these speci f i DEGATBREDDESORIHION OFSIED FsEMrEARYKEMBODIMESTS
operations have not been described in detail 1n order not to unnecessarily
obscure the pAdsiwentigmisedisslosed for gunethed iant pparatiesforn familitbeng dfe removal of
encapsul gt Ln orts foam,100. .As 10 used herei one or
rore or Pe" SaleBRIRGD byt chiiPe Ml AR e hechiniah msTieatBeperibe Seilo Scscor
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illustration of Figure 1, a nunb of encapsul ating transports 101 are
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react i oninvertliesi. ng agent 102. The reaction inducing agent 102 defines a

menbrane or filmt hol ds and, surrounds_the reactive gas 106. The
reactive gas ’@8“’12 @?Sél@éaﬁa?b?‘ﬂ:m]éerg%ée%ﬁp%lwmédﬁ%ﬁ%ﬁ BN detingag dagm HQ@ whs |

chenigcal h¢d HRASH, e d&‘”ﬁ&refo?%é @ ﬁllﬁll‘%h[? S5k {@la | s Y&'?ondéﬂn%ceguﬂfé%or
direct contact with anot her eria rrp es o reactive gases

i ncl ude Yaws dspanlang aretheir avmngenmmmm egiccOn @itcdmot®r. DzMv (D) ion OXYIRR:

(02), hydrochl or| acid (HC1) and hydrofluoric acid (HF) and non-reactive

gasses s R Y FB@%U%N@ trgwog,sd@,l] appggllectryely jeined II\/%lcbaqsmiwl faychnso

i ncl ude @AY 254 RILRA Ofu8as §]1 % %\@% ,
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ozone ((Bn idyegeh chfsumtindy aagport(1Al an 62 oneid D) a bubble

15 In accordance with one embodiment of the invention, an encapsulating transport 101 is a

two-phase system in which a reactive gas 106 is enclosed by a reaction inducing agent 102,

The reaction inducing agent 102 defines a membrane or film that holds and surrounds the

reactive gas 106. The reactive gas 106 is preferably a gas or any combination of gases that will

chemically react or will facilitate a chemical reaction when placed in direct contact with another

20 material. Examples of reactive gases 106 include gasses that react with contamination such as

ozone (0Os), oxygen (O,), hydrochloric acid (HC1} and hydrofluoric acid (HF) and non-reactive

gasses such as nitrogen (N2} and argon (Ar). The reactive gas 106 may also include any

combination of gases such as ozone (0O;) and nitrogen (N2); ozone (Os3) and argon (Ar); ozone

(O3), oxygen (Op) and nitrogen (N3); ozone (O3), oxygen (O,) and argon (Ar); ozone (Os),

25  oxygen (Oy), nitrogen (Np) and argon (Ar); oxygen (O,) and argon (Ar); oxygen (O,) and

nitrogen (N); and oxygen (O3), argon (Ar) and nitrogen (N;). An embodiment of the present

invention uses ozone as the reactive gas 106 because ozone, when combined with water (H;0),

will chemically react with an organic material. In one embodiment, the organic material may be

an organic photoresist material, which is commonly used in semiconductor photolithography

30 operations. In another embodiment, nitrogen can also be combined with ozone to increase the
concentration of ozone in the encapsulating transport 101,

In one embodiment, the reaction inducing agent 102 is a liquid (e.g., water or DIW ) that

will chemically react or will facilitate a chemical reaction when placed in direct contact with



25 oxygen (02), nitrogen (N2) and argon (Ar); oxygen (02) and argon (Ar);
oxygen (02) and nitrogen (N2); and oxygen (02), argon (At) and nitrogen
(N2). An enbodi ment of the present invention uses ozone as the reactive
gas 106 because ozone, when conmbined with water (H2O, wll chenmically
react with an organic material. In one erfbodi nent, the organic material may
be an organic photoresist naterial, which is ::om"mnm use(rjrbl 3 t

sem conduct or photolithography 30 operations. |In another enbodi ment,
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settl es li0Atis Bgudlsuboundng ghavedcyivergaesheds. Furthermore, in various circumstances,
including a process by which a freshly made foam 100 settles into equilibrium, gravity or other
forces cause the reaction inducing agent 102 to drain out of the foam 100 through the channels
104.

20 Figure 2A illustrates a detailed or magnified view 105 of the interface between two
encapsulating transports 101. The figure shows reactive gases 106 separated by a channel 104
of reaction inducing agent 102. Most foams 100 owe their existence to the presence of
surfactants 108. An example of a surfactant 108 is soap which is made from fats and oils. The
fats and oils are converted into fatty acids, and incorporated typically as sodium salts.

25 Generally, the surfactants 108 reduce the surface energy or tension associated with the surface
of an encapsulating transport 101. More importantly, the surfactants 108 stabilize the surface of
the encapsulating transport 101 against rupture. Another popular additive is glycerol (in high
concentration) to increase viscosity and hence inhibit drainage of reaction inducing agent 102 in
foam 100. Commercial foam products also contain small additions of ingredients described as

30 foam boosters which are known to enhance the performance of the surfactants 108, Figure 2B
shows an embodiment of the present invention illustrating an encapsulating transport 101
rupturing on an organic material layer 112. This embodiment uses organic photoresist as the

organic material because patterning a substrate 110 includes the application of organic



forces cause the reaction inducing agent 102 to drain out of the foam 100
t hrough the channels 104. 20 Figure 2A illustrates a detailed or magnified
view 105 of the interface between two encapsulating transports 101. The
figure shows reactive gases 106 separated by a channel 104 of reaction

i nduci ng agent 102. Mpst foans 100 owe tiveir existence to the presence of
surfactants 108. An exanple of a surfactant 108 is soap which is made from
fats and oils. The fats and oils are converted into fatty acids, and
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In one embodiment, when the encapsulating transport 101 ruptures, the rupture releases

the reactive gas 106 and the reaction inducing agent 102 and places them in dircct contact with
the organic material layer 112 at the interface 114 between the encapsulating transport 101 and
the organic material layer 112. By placing the reactive gas 106 and the reaction inducing agent

20 102 in direct contact with the organic material layer 112, a chemical reaction between the
reactive gas 106, the reaction inducing agent 102 and the organic material layer 112 occurs
thereby facilitating the removal of the organic material layer 112 from the substrate surface 111.
Finally, placing the reaction inducing agent 102 in direct contact with the organic material layer
112 does not require the encapsulating transport 101 to rupture. As discussed above, drainage

25 of the reaction inducing agent 102 from a foam 100 also places the reaction inducing agent 102
in contact with the organic material layer 112.

Although there are many ways to generate foam 100, Figures 3A through 3D illustrate
various exemplary methods to enable the generation. Figure 3A illustrates one embodiment of
an encapsulating transport generator 120a that includes a fine nozzle 305 partly immersed in the

30 reaction inducing agent 102 contained in a container 310. The encapsulating transport
generator 120a generates encapsulating transports 101 by supplying the reactive gas 106 under a
constant pressure through an input end 301 of the fine nozzle 305. The supply of the reactive

gas 106 generates encapsulating transports 101 at the output end 302 of the fine nozzle 305 that



i nduci ng agents 102 is inportant in reducing the thickness of encapsul ating

transports 101. Evaporation nmay reduce the thickness further.

Additionally, surfactant concentration nay be inadequate, dust may inpact

on the encapsulating transports 101, or inpurities and additives may

pronote their instability. The reactive das 106 al so may react with the

surface of the 15 encapsulating transport 101 to limt the foams

l'i fespan., | n one enbodi nent, when the encapsul ating transport 101 ruptures,
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331, 332 under pressure into the sparger 322. The reactive gas 106 and the reaction inducing
agent 102 mix within the sparger 322 in such a manner to generate foam 100.
Figure 3D illustrates another embodiment of an encapsulating transport generator 120e
20 that includes a mechanical agitator 325 in the form of a rotating shaft with radiating blades 341,
The blades 341 are immersed in the reaction inducing agent 102 saturated with the reactive gas
106.  The rotating radiating blades 341 rotate to agitate the reaction inducing agent 102
saturated with the reactive gas 106 thereby generating encapsulating transports 101. The
encapsulating transports 101 float to the top of the reaction inducing agent 102 saturated with
25 thereaclive gas 106 and combine in such a manner to define them as the foam 100.
Additionally, in other embodiments, the mechanical agitator 325 may not necessarily be
configured as radiating blades but may be any suitable configuration, shape and/or size such as,
for example, a stick, a bar, a tube, a plate, etc., as long as the mechanical agitator 325 is
configured in a manner that would agitate the reaction inducing agent 102 saturated with the
30 reactive gas 106. In another embodiment, agitation of the reaction inducing agent 102 saturated
with the reactive gas 106 is done without a mechanical agitator 325. Instead, agitation is be
done by shaking or beating the reaction inducing agent 102 saturated with the reactive gas 106

to generate encapsulating transports 101,



ion inducing agent 102 whereby the encapsulating transports 101
ggn%?ﬁerfﬁcguch a b5 nagne? to define themas the foam 100. Figure 3B
illustrates another embodi nent of an encapsulating transport generator 120b
that includes a sparger 320 i mersed in the reaction inducing agent 102
contained in a container 311. The encapsul ating transport generator 1202
generates encapsulating transports 101 by suppl yi ng the reactive gas 10
under pressure through an input conduit 321 connected to 10 the sparﬁer
320. The reactiye gas 106 diffuse through the sparger 320 and into the
reaction inducii atfelifrionsoaddiiongt maeshedspand appargtusesamns pedrate 104m 108  For
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surface 111. Furthermore, since the thickness of the reaction inducing agent layer is uniform
across the surface of the organic material layer 112, the removal of the orgaxﬁc material is
believed to be uniform, | .

20 In one embodiment, the applicator 403, as illustrated in Figure 4A, may move in a linear
fashion from a center portion of the substrate 110 to the edge of the substrate 110. It should be
appreciated that other embodiments may be utilized where the applicator 405 moves in a linear
fashion from one edge of the substrate 110 to another diametrically bpposite edge of the -
substrate 110, or other non-linear movements may be utilized such as, fof example, in a radial

25  motion, in a circular motion, in a spiral motion, in a zig-zag motfon, etc.

Additionally, the applicator 405 may not necessarily be a cylindrical tube in
configuration but may be any suitable configuration, shape and/or size such as, for cxampie; a
manifold, a circular puck, a bar, a square, an oval puck, a plate, etc., as long as the applicator
405 is configured in a manner that would enable the application of foam 100. Figure 4B shows

30  another example of an embodiment wherein thé applicator 410 is in the shape of a circular
puck. The width of the applicator 410 spans the width of the substrate 110 but the applicator

410 may be varied to any suitable size depending on the application desired. In one



with the reactive gas 106 is done wthout a mechanical agitator 325. _
Instead, agitation is be done by shaking or beating the reaction inducing
agent 102 saturated with the reactive gas 106 to generate encapsul ating
transports 101. 9 There are various additional methods and apparatuses to
generate foam 100. For exanple, nucleati® of encapsulating transports 101
in the reaction inducing agent 102 saturated with the reactive gas 106

al so generates foam 100. Figures 4A through 4E illustrate various
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center portion of the substrate O to the edge of the substrate 110. It
shoul d bEafegpH¥eci at ed that ot her enbodi nents may be utilized where the
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immersed in the foam 100. Figure 4E illustrates a top view of three silicon wafers 110’
immersed in the foam 100. Immersing a batch of silicon wafers 110 in the foam 100 cleans
more silicon wafers 110 at one time than immersing one silicon wafer 110’ in the foam 100,
thereby increasing efficiency.

20 In other embodiments, the placement of the silicon wafer 110° in the container 415 of
foam 100 can be in any orjentation or place as long as some of the surface of the organic
material layer 112 is in direct contact with the foam 100. Additionally, in another embodiment,
the container 415 may not necessarily be a rectangular box in configuration but may be any
suitable configuration, shape and/or size as long as the container is configured in a manner to

25 hold foam 100.

As illustrated in Figure 5, another embodiment of the present invention uses a proximity
head 501 to remove the organic material layer 112 from the substrate surface 111. The
proximity head 501 includes a head having a head surface 515 where the head surface 515 is
proximate to the organic material layer 112. In one embodiment, a sparger 320 is part of the

30 proximity head 501 whereby the sparger 320 is connected to a reaction inducing agent input
conduit 510 and a reactive gas input conduit 505. The reactive gas 106 and reaction inducing
agent 102 are supplied under pressure into the sparger 320 through the reactive gas conduit 505

and the reaction input conduit 510, respectively. The reactive gas 106 and the reaction inducing



substrate 110, or other non-linear noverments may be utilized such as, for
exanple, in a radial 25 notion, in a circular notion, in a spiral notion,
in a zig-zag notion, etc. Additionally, the applicator 405 nay not
necessarily be a cylindrical tube in configuration but may be any suitable
configuration, shape and/or size such as, for exanple, a manifold, a
circul ar puck, a bar, a square, an oval pdék, a plate, etc., as long as the
applicator 405 is configured in a manner that woul d enabl e the application
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110" I6n tseplidamoily®nelseastyemoving conduits 520 are shown.

Additionally, the proximity head 501 may not necessérily be a “head” in configuration
but may be any suitable configuration, shape and/or size such as; for example, a manifold, a
circular puck, a bar, a square, an oval puck, a tube, plate, etc., as long as the proximity may be
configured in a manner that would enable the application of foam 100. In one embodiment, the

20 proximity head 501 may be a type of circular puck as illustrated in Figurc 5. The size of the
| proximity head 501 may be varied to any suitable size depending on the application desired.

In the embodiment shown, the proximity head 501 may move in a linear fashion from a
center portion of the substrate 110 to the edge of the substrate 110, It should be appreciated
that other embodiments may be utilized where the proximity head 501 moves in a linear fashion

25  from one edge of the substrate 110 to another diametricaliy opposite edge of the substrate 110,
or other non-linear movements may be utilized such as, for example, in a radial motion, in a
circular motion, in a spiral motion, in a zig-zag motion, etc. The motion may also be any

 suitable specified motion profile as desired by a user. In another embodiment, the substrate 110
may be rotated and the proximity head 501 moved in a linear fashion so the proximity head 501

30 may process all portions of the substrate 110. It should also be understood that other
embodiments may be utilized where the substrate 110 is not rotated but the proximity head 501
is configured to move over the substrate 110 in a fashion that enables processing of all portions

of the substrate 110. In addition, the proximity head 501 may be utilized to apply foam 100 to



nore silicon wafers 110' at one tine than i mersing one silicon wafer 110
in the foam 100, thereby increasing efficiency. 20 In other enbodi nents,
the placenent of the silicon wafer 110" in the container 415 of foam 100
can be in any orientation or place as |long as sone of the surface of the
organic material layer 112 is in direct I2ontact with the foam 100.

Addi tionally, in another enbodinent, the container 415 nmay not necessarily
be a rectangular box in configuration but nay be any suitable

confi gur &Y éﬁ%pes%ip@%ﬁﬁ/sabstr@rezel 18sad fompxampteh €06 anmaiwaters, 390 comf wafsrsediak n
a manner %u?el 2n hol d foam 100. As illustrated in Figure 5, another

enmbodi meht of the present invention uses a proximty head 501 to renove
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t he proxjm ead .does not generate foam 100 and may instead 5 have any
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520 confanguhid. tAmyauinghet of clguhitlg pra@ses mayQRMEed Al e QHERHE GuitRheiiaksch

from a reag%_?n bet ween the wafer and the proximty head 501 by applying
vacuum (G5 PRRRRIRE AN Ao ¥ Hu i Gutimete cleaning hperhdoth heisktenisg dodd eyt beany

sui 43bl exhes, R oF PAVIGISsarfoR IRl 38d bases such as hydrofluoric acid (HF), hydrochloric

acid (HCI), ammonium hydroxide or any of several proprietary aqueous Or semi-aqueous

chemistries. In an embodiment, the drying operation may use a spin rinse drying (SRD)
technique. In this drying technique, the substrate 110, in the form of a silicon wafer, is rotated
at a high rate. As is well known, in the SRD technique, the centrifugal force pulls the cleaning
20 fluid and any particulates from the wafer surface toward the edge of the wafer and finally off
the wafer. In still another embodiment, proximity head cleaning and drying can also be used to
perform the final clean operation.
Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
25  practiced within the scope of the appended claims. Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended
claims.

What is claimed is:

30



conduits and/or foaminlet conduits may be utilized depending on the
configuration of the apparatus. In still other enbodi nents, the proximty
head 501 can include other inlets for delivering other fluids, such as,
air, isopropyl alcohol (I1PA), D water, chemcals, etc. Additionally,
other outlets may al so be included, depending on the application. Thus, for
15 sinmplicity, only one set of renovinglonduits 520 are shown.
Additionally, the proximty head 501 may not necessarily be a "head" in
configuration but may be any suitable configuration, shape and/or size
such as, for exanple, a manifold, a ikxld®ar puck, a bar, a square, an
oval puck, a tube, plate, etc., as long as the proximty my be configured
in a manner that woul d enable the application of foam 100. In one

enbodi ment, the 20 proximty head 501 may be a type of circular puck as
illustrated in Figure 5. The size of the proximty head 501 may be varied
to any suitable size depending on the application desired. In the

enbodi ment shown, the proximty head 501 may nove in a linear fashion from
a center portian of Atlghoayhshih @k t f the substrate 110. It
shoul d be appreciated that othg£ﬁ%%%%ﬁ?ﬁ%ﬁpgmﬁ%%%%%m&f?wfg%ﬁgmhere t he
proximty head pRLidMMERaitBnderchRERincl RSN .one edge of the
substrate 110 tg aé%?%er dianet#??g%F; 0 SggP%Qw%%ggh%%mFﬂgg%ubstrate 110,

or ot her namntinngar 1eh0D YeRRER B By ATERE, HerebltiL légs,qgcﬁdﬂfghoyg%. for exanple, in a
radial notion, in a circular notion, In spira fotron, in a zi g- zag

motion, et Theniid @Bk SRS ol Ak, APRELLL oLl on profile

as desired by a user. In another enbo rateée Pay be

rotated andatiiga plAXbedsHhAQRGR0t oFRY Bl | aeah, § aghlon,so the
proximty head 501 30 may process all poﬁ%ﬁ%ﬁgl%%?@ﬁ%;%%ﬁg??%ﬁe 110. It

shoul d al seedotiveusp@gr st ood that other enbodiments nay be utilized where the
substrate 110 is not rotated but the proximty head 501 is configured to

move over the sub&hg @b epplitfod e ASPhOBLBAL of processing of all
portions of the substgg%e 110? PL ad&i@io%?}?ﬁgﬁgéﬁéph%iy head 501 may be
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layer from the substrate surface.

2. A method for removing a layer from a substrate surface as recited in
claim I, wherein releasing the chemically reactive gas onto the chemically reactive layer
places a combination of the reactive gas and a reaction inducing agent in direct contact

with the chemically reactive layer,

3. A method for removing a layer from a substrate surface as recited in
claim 2, wherein the reaction inducing agent is one of water (H,0), deionized water
(DIW), water (H;O) and a cleaning fluid, water (1H,0) and a surfactaut, water (H,0) and

the cleaning fluid and the surfactant, deionized water (DIW) and the cleaning fluid,



enbodi nent of a nmethod to renove the organic material |layer 112 fromthe
substrate surface 5 111. First, in operation 605, the nethod provides at

| east one encapsul ating transport 101. As di scussed above, there are

vari ous nmet hods and apparatuses to generate encapsul ating transports 101
and foam 100. In operation 610, the nethod applies the encapsul ating
transports 101 to the organic materialld ayer 112. In operation 615, when
t he encapsul ating transports 101 rupture on the organic material |ayer
112, the rupture places a conbination of the reactive gas 106 and a 10 thin
filmof the reaction inducing agent 102 in direct contact wwth the organic
mat eri al | ay@enizel bter by : iodbbatdng. she. t or gani ¢
material |ayer 112 frg%??ﬁgyg%%%?#g@%&%g%¥%Q$ﬁéggg%?g¥35Fﬁ%ﬁﬁyproducts are
rinsed awaycitan@ip fitBandwRstiaks: 110 by a cleaning fluid and dried. Any
nunber of cl eaning processes may be used, and the types of fluids used in
such cleaning operations can also vary. In a sinple cleaning operation,
the cleaning fluid nmay be 15 DIW m xtures of DIWand various acid and
bases such as hydr of | ugEd i : I ri.c acid (HCl)., anmoni um
hydr oxi de or any of sev§?§1ﬁg#%$$| %g?%”%ﬁﬁégﬁgh%?“§%%¥§%ﬁ&%ﬁﬁs
chem stri eSglaihn, afeEitaQdi , j ratiQn may. use a spin rinse
dryi ng ( SRD) técﬂﬁ?que.tFﬁﬂ%ﬁ?%ﬁﬁ¥§%ﬁgq?%§ﬁﬁﬁaﬁgguF%3*%ﬁﬁgﬁrate 110, in

t he form ofepndaRiihi defis, J@tated at a high rate. As is well known,
in the SRD teéﬁni&%g?mﬁﬁgg%éﬁ?é?ygégl force pulls the cleaning 20 fluid and
any particulates fromthe wafer surface toward the edge of the wafer and
finally off the wafer. In still another enbodi ment, proximty head

cl eaning and drying @ap.iddsdr RE.UsEH oRE the. final. cl.ean operation.
Al t hough the foregoing inventio% ﬁ%sm%%gﬁgﬁg%@é,‘Eﬁg?ﬁaggﬁ%ﬁﬂgtai| for

pur poses OnﬂM@h?ﬁﬁ&Mnﬁkayﬁgﬁﬁﬁﬁﬁ&ﬂ%g&g¥%d?ﬁ%%guﬂﬁ%ﬁgparent that certain

changes and nodi fications may be actrec wthi'n the scope of the
appended cl ai ns. Accordingly, the present enbodinments are to be considered
as illustrative and not restrictive, and the invention is not to be limted

L R

equi val ents of the appende I's C
claim 1, wherein the chemically reactive layer is an organic material,

7. A method for removing a layer from a substrate surface as recited in claim
1, wherein the reactive gas further includes one of argon (Ar), hydrochloric acid (HCI),

and nitrogen (IN).

8. A method for removing a layer from a substrate surface as recited in

claim 2, further comprising,

generating the at least one encapsulating transport,



13 CLAIMS 1. A nethod for renoving a layer froma substrate surface,
conprising: providing at |east one encapsul ating transport, the

encapsul ating transport containing at |east sone reactive gas, the
reactive gas including ozone; applying the at | east one encapsul ating
transport to the layer through an applicator having a dianmeter |less than a
di aneter of the substrate, the layer belmhg a chenmically reactive |ayer;
noving the applicator linearly over the dianmeter of the substrate; and
wherein the encapsul ating transport ruptures on the chemcally reactive

| ayer and releases the reactive gas onto the chemcally reactive |ayer to

facilitate remwal ofs ik kAo QMRS HORLEAL . 8UIL 80K, f. A Method
for renoving a layer froma substrate’surface as recited in~ ¢claiml,

wher ei n rel gaid §)GvhbRe tﬁé"%:ﬁﬁ{gj tle art?e%ﬁtohé/&cgﬂglggﬁkgﬁaggpgﬁ fﬁ;rtdiem cally reactive

| ayer places a conbination of the reactiv a reaction i nduci ng
agent in di¢gghisggntact with the chemcally reactive layer, 3. A nethod
for renoving a |l ayer froma substrate surface as recited in claim?2
wherein the reaghdwiind HALGiRY %@ent is one of water (1-120), deionized
water (DIW, water (1-120) and a cleaning fluid, water (1-120) and a

surfactant, wat @fovdigddhe A0ion ilaEe; l fluid and the surfactant,
dei oni zed mater%(tﬂov a%d tﬁg cﬁgé%ﬁﬁg’?%uid, 14 deioni zed water (DIW and

the surfactant, nﬁ?gighla?eag@\ie%}ag £R MR B0n lﬁqgwyg a%:?rg ]“%[’ %er?hergt%!ggegaglensgf)f luid and

t he surfactant. met hod for renovi ng & surface

as recit ed daBapshiigatspolt6E Glohshite Al &, 8NSApSYl.akjng transport is
conbi ned mﬁthi%theﬁ aéﬁ?ﬁ%su?%@?ng @ﬁgﬂ%§§?§%gﬂﬁé%ggiﬁgngeiggnl 5. A net hod
for removinga@vd g¥er froma substrate surface as recited in

10. A method for removing a layer from a substrate surface as recited in
claim 8, wherein the generating the at least one encapsulating transport further
comprising,

previding the reactive gas;

providing the reaction inducing agent; and

mixing under presswre the reactive gas and the reaction inducing agent to generate
the at least one encapsulating transport, the encapsulating transport containing at least

some of the reactive gas.

11 A method for removing a layer from a substrate surface as recited in
claim 8, wherein the generating the at least one encapsulating transport further
comprising,

providing the reactive gas;

providing the reaction inducing agent; and



claim1l1, wherein the at |east one encapsul ating transport is a bubble. 6. A
nmet hod for renoving a |layer froma substrate surface as recited in claim
1, wherein the chemcally reactive layer is an organic material. 7. A

met hod for renoving a |ayer froma substrate surface as recited in claim
1., wherein the reactive gas further includes one of argon (Ar),
hydrochloric acid (HC), and nitrogeneN2). 8. A nethod for renoving a

| ayer froma substrate surface as recited in claim2, further conprising,
generating the at | east one encapsulating transport. 15 9. A nmethod for
removing a layer froma substrate surface as recited in claim@8, wherein
the generating siglyatg the@sdtive R uede aRsdutedhib Mg HdcARSAMEngfYEH Rfdugh
conprising, providing the reactive gas; providing the reaction inducing
agent; and amprigérgo pdreralceBEAtileat og@encamtdlatifterdn§Ret e Bnchdthehng@eNt to
generate the at | east one encapsulating transport, the encapsul ating

transport contaln@ianigasftoncad®te rélfi® 9. the reactive gas. 10. A nethod for
renoving a |ayer froma substrate surface as recited in claim@8, wherein

the generating the at | east one encapsul ating transport further
conprising, providing the reactive gas; providing the reaction inducing

agent; and mi xi g UNGeke TSSOl ElayeR &6hi\LEbHa8 sle tEcie8@Ct 1 ON i nduci ng
agent to generate the at |east one encapsul ating transport, the

encapsul at ichgn 8/ wits@ite geRnking M1Rg &k ch@pdlatind QMRp R e hB@Gidgve gas. 1 1.
A nmethod for renoving a layer froma substrate surface as recited in
providing the reactive gas and the reaction inducing agent; and
agitating the reactive gas and the reaction inducing agent to generate the at least

one encapsulating transport, the encapsulafing transport containing the at least some of

the reactive gas.

13. A method for removing a layer from a subsirate sutface, comprising!

providing a reactive gas that includes ozone;

providing a reaction inducing agent;

mixing the reactive gas and the reaction inducing agent to generale at least one
encapsulating transport, the encapsulating transport containing at least some of the
reaciive gas; and

applying the at least one encapsulating transport to the layer through an applicator
having a diameter less than a diameter of the substrate, the layer being a chemically
reactive layer;

moving the applicator linearly over the diameter of the substrate; and



claim8, wherein the generating the at | east one encapsul ating transport
further conprising, providing the reactive gas; providing the reaction

i nduci ng agent; and 16 supplying the reactive gas under pressure into the
reaction inducing agent through a sparger to generate the at |east one
encapsul ating transport, the encapsulatlng transport containing at |east
some of the reactive gas. 12. A nethod ¥or renoving a | ayer froma
substrate surface as recited in claimS8, mherein the generating at |east
one encapsul ating transport further conprising, providing the reactive gas
and the reaction inducing agent; and agitating the reactive gas and the

reaction induci ngeRpand edcgps@engrahfol Apuals n8Rsd hemﬁﬁgf r%&%%’ﬁ% akd N9

transport, the encapsul ating transport containing t | east some of the

reactive gasbm&ﬁheka&ﬁk@ﬂﬂn&ﬂm@ﬂﬁﬂ@%ﬂﬁﬁwﬁwkﬁ%&ﬁoE&@ﬁhﬁfﬁHQﬁEf@ée surf ace,
conprising: providing a reactive gas that 1ncludes ozone; providing a

reacti on i naweirog tagemninaieRhicpg the reactive gas and the reaction inducing
agent to generate at | east one encapsulating transport, the encapsul ating
transport containing at |east some of the reactive gas; and applying the
at | east one encapsul ating transport to the |layer through an applicator

having a di anet g4, | eﬁ%éﬂﬂﬁ@or@exﬂéﬁr’f@%l@%r?fgm a@ﬁb%@%f& E%re&gﬁld ayer being a

chemcally reactive |ayer; noving the applicator [inearly over the

di amet er ofklaihe3,SiRstd BleSsinedd ﬁx%lca.wnl%ﬁﬁllvg %gs ?ﬁoq &Qﬁ%‘a@ feg&vé fa?QSpor t

ruptures on the chemcally reactive layer eases t'he reactive gas

onto the chRBEsGAYink@RCINEQedofNeeas L thAaGhdioh %GC!B&@X@JI didet S8t

with the chemically reactive layer.

15. A method for removing a layer from a substrate surface as recited in
~claim 13, wherein the at least one encapsulating transporl is combined with other

encapsulating transports to define a foam.

16. A method for removing a layer from a substrate surface as recited in

claim 13, wherein the at least one encapsulating transport is a bubble.

17. A method for removing a layer from a substrate surface as recited in

claim 13, wherein the chemically reactive layer is an organic material.

18. A method for removing a layer from a substrate surface as recited in claim
13, wherein the reactive gas includes one of hydrochloric acid (HCY), argon (Ar) and

nitrogen (N3),



| ayer fromthe substrate surface. 14. A nethod for renoving a |layer froma
substrate surface as recited in claim13, wherein releasing the chemcally
reactive gas onto the chemcally reactive |ayer places a conbination of
the reactive gas and the reaction inducing agent in direct contact wth
the chemcally reactive layer. 15. A nethod for renoving a |ayer froma
substrate surface as recited in claimi® wherein the at |east one
encapsul ating transport is.conbined with other encapsulating transports to
define a foam 16. A nethod for renoving a |ayer froma substrate surface
as recited in claim13, wherein the at | east one encapsulating transport

is a bubble. 17.1A nethad.d BF remBURY i‘gl&g]er"%“roﬁjﬁlﬁ'l’ast;a'te%ﬂ}fgce%yggttted i Slaiit '’ face as

recited in claim13, wherein the ¢C reactirve layer is an organic

material . 184, whefdRt ﬂﬂ@ﬁéa@tf&ﬁ nfdﬁm?%ég@ﬂt 1§erac¥Watea§P 5}1%?8@6 AL S f ace as

recited in claim 13, wherein e reactive S one of fhydrochloric

acid (lid, “@feggﬂo§ﬁ{d)aéi’éﬂgm%‘ﬁhtﬁrx9£&% O n bltreprdat v TEGOAIAT TemOVI NG, 2

Iayer froma substrate surface as reci €rein the reaction

i nduci ng ag@einiksSmNGdhe NBLGL, %g)t{g vga%r \%]e{i c?ean lﬂv%lﬁifé)mz (1120)

and a cleaning fluid, water d the

el eani ng 1 uh: @ ool ctank motaogatcfgg% 5 s gt%eaaglgltlune cl eani ng

fluid, deionized wate the sur oni zed wat er
(DW and thged eamidg fluid and the surfactant. 20. An apparatus for
removing a layer froma substrate surface, conprising: an application
unit, the application unit configured to receive at |east one

encapsul ating transport, the at |east one encapsulating transport

containing at |east aq argh%%rlfﬁ{ dlgg?t:?l’ayér aes%igsttllaéé%mQ&% co rlé'fsé ng ozone,

the application unit bel'ng a cylin havi n iameter 1'ess”'than a

diameter of the aﬁ'dpﬁfcﬁtﬁt%mt,ttﬁbeapﬂ@&'nbrp%f C%Qﬁé‘h@édtto 9&%&% Q(L]'éagtqu 0

encepsulating transport, the at least one encapsulating transport containing at least some
reacti\te gas, the reactive gas including ozone, the application unit being a cylinder a
having a diameter less than a diameter of the substrate, the application unit configured to
move linearly over the diameter of the substrate;

wherein the encapsulating transport is capable of being applied to the layer to
cause a reaction between the layer and the reacfive gas when the encapsulating transport

ruaptures on the layer,

21, Anapparatus for removing a layer from a substrate surface as recited in
claim 20, wherein the encapsulating transport is capable of being applied to the layer to
cause a reaction between the layer and a combination of the reactive gas and a reaction

inducing agent when the encapsulating transport ruptures on the layer,



nove |inearly over the dianeter of the substrate; wherein the encapsul ating
transport is capable of being applied to the layer to cause a reaction

bet ween the | ayer and the reactive gas when the encapsul ating transport
ruptures on the |ayer, 21. An apparatus for renoving a |l ayer froma
substrate surface as recited in claim20, wherein the encapsul ating
transport is capable of being applied tl® the |ayer to cause a reaction
between the | ayer and a conbination of the reactive gas and a reaction

i nduci ng agent when the encapsul ating transport ruptures on the layer. 19
22. An apparatus for renoving a |ayer froma substrate surface as recited

in claim21l, wher®in Ach@pdrRacht RobiRgNG & j : (1120),
dei oni zed wat er (EMVVP©§£ter (H28f'%ndangﬁgﬁﬁéﬁg&ﬁPﬂgﬁgzﬁ%@%ﬁﬁ(1120) and

a sur f act antlaimt, eiereih RkacBitlindddiey oL AnRGr Sk |, GDELiL IR St act ant,

dei oni zed water (DIW and the cleaning fluid, deionized water (DPW and

t he SurfaCtgmmv%aﬂ@r@@@)Q@hgﬁ5ﬁﬁgﬂm&@%ﬁﬁé%#¥éﬁ%?ﬁﬂﬁﬁgﬁumﬁ&?ﬁﬂéggdflUid and

the surfactant. 23. An apparatus for re ayer froma Strate

surface as necieh@sl fiNd asd 8d MZQant)’!&%FﬁEd“w&tEﬁDﬁPfLrP(iﬁéJlé&ﬂinggig{d Is a

container. 24. An apparatus for renoving a |aye roma s fate surface

as recited idlonigdiaia® AW Hd Sk L QRS dShd BionfBd %@8@@% Adfg transport
ayer

generating unit. 25. An apparatus for renoving a roma substrate
surface as ¢iegiidegfid 4hd 16l s@iBp0, Wherein the reactive gas includes one of
hydrochloric acid (HCl), argon (At) and nitrogen (N2). 26. An apparatus
for renmoving a layer froma substrate surface as recited in claim 20,
wherein the layer is an organic material. 27. An apparatus for renoving a

llayer froma substrahgasirhRes BfciSed L& ol 7 Sﬁi}s@riﬁ@sgr%ce WheLiRhH, t he at
wth o

| east one encapsul ating transport is conbine ther ‘encapsul ati ng
transports digmdef Whgeia e @BMication unit is a container.

24.  Anapparatus for removing a layer from a substrate surface as recited in

claim 20, further comprising, an encapsulating transport generating unit,

25, Anapparatus for removing a layer from a subsirate surface as recited in
claint 20, wherein the reactive gas includes one of hydrochloric acid (HCI), argon (Ar)

and nitrogen (N),

26.  Anapparatus for removing a layer from a substrate surface as recited in

claim 20, wherein the layer is an organic material.

27.  Anapparatus for removing a layer from a substrate surface as recited in
claim 20, wherein the at least one encapsulating transport is combined with other

encapsulating transports to define a foam.



20 28, An apparatus for renoving a layer froma substrate surface as
recited in claim20, wherein the at | east one encapsulating transport is a
bubbl e. 29. An apparatus for renoving a | ayer froma substrate surface,
conprising: a reactive gas source that includes ozone; a reaction inducing
agent source; and an application unit, the application unit configured to
recei ve a conbination of the reactive Ybs obtained fromthe reactive gas
source and the reaction inducing agent obtained fromthe reaction inducing
agent source to produce at |east one encapsulating transport, the at |east
one encapsul ating transport containing at |east sone of the reactive gas,
the application unit being a cylinder a having a dianeter | ess than a

di aneter of the substrate, the application unit configured to nove

linearly over thg di ﬁﬁ%ﬁ&?at&ffortﬁ%ow@zpﬁ&eﬁ ﬁtﬁﬁ‘] ﬁs‘ﬁ@s%t%ls&facggs 20 %@PSUl ating

transport is capable of being ed to t Causeé a reaction

bet ween t heclhigy®By, wadetn gy fe%@gﬁé e\ﬁga glﬁﬁm‘é’?ﬁﬁk big a%]g'lﬂgsu' ating t ransport
or

ruptures on the Iayer 30. An apparatus renoving a |ayer froma
substrate surface as recited in claim29, wherein the encapsul ating
transport is capable of being applied to the layer to cause a reaction

bet neen the | ayen. and &aaminakha Al hd8heaRtde 493 A0, T eact o

i nduci ng agent when the ‘encapsul ati ansport rup flred 21

31. An apparatu%r&@ﬁwﬁﬁggjcgq 2 om a substrate surface as recited
in claim30, wherein t reacﬁigkﬁ%ﬁéﬂ%ﬁng agent is one of water (1420),

dei oni zed wat er ; 1 {BiMWindlbRLGhent b ﬂ@d a cleaning fluid, water (1420) and
a surfactant, water (1420) %1 t e’ c eaning fluid and the surfactant

dei oni zed wat er aﬁ.%é) tati%ﬁ‘gnﬁ fﬁ% a%é! R\ hitle %lﬁ%@d t@%btﬁﬂé gc%%b%{l [ I W and

t he surfactant, he dei’oni wat er eanlng ﬁ uid and
the surf aCtz@ﬂlTnve gas obtained from the reactive gas source and the reaction inducing agent

obtained from the reaction inducing agent soutce to produce af least one encapsulating
transport, the at feast one encapsulating transport containing at least some of the reactive
gas, the application unit being a cylinder a having a diameter less than a diameter of the
substrate, the application unit configured to move linearly over the diameter of the
substrate;

wherein the encapsulating transport is capable of being applied to the layer to
cause a reaction between the layer and the reactive gas when the encapsulating transport

rupiures on the layer,

30.  Anapparatus for removing a layer from a substrate surface as recited in
claim 29, wherein the encapsulating transport is capable of being applied to the layer to
cause a reaction between the layer and a combination of the reactive gas and the reaction

inducing agent when the encapsulating transport ruptures on the layer.



32. An apparatus for renmoving a layer froma substrate surface as recited
in claim?29, wherein the reactive gas includes one of hydrochloric acid
(HCl), argon (At) and nitrogen (N2). 33. An apparatus for renoving a |ayer
froma substrate surface as recited in claim29, wherein the layer is an
organic material. 34. An apparatus for %ennving a layer froma substrate
surface as recited in claim?29, wherei lthe at |east one encapsul ati ng
transport is conbined with other encapsulating transports to define a
foam 35. An apparatus for renoving a |layer froma substrate surface as
recited in claim?29, wherein the at |east one encapsul ating transport is a
bubbl e. 31, Anapparatus for removing a layer from a substrate surface as recited in

claim 30, wherein the reaction inducing agent is one of water (H20), deionized water

(DIW), water (H,0) and a cleaning fluid, water (H20) and a surfactant, water (H;Q) and

the cleaning fluid and the surfactant, deionized water (DIW) and the c¢leaning fluid,

deionized water (DIW) and the surfactant, and the deionized water (DIW) and the

cleaning flnid and the surfactant.

32, Anapparatus for removing a layer from a substrate surface as recited in
claim 29, wherein the reactive gas includes one of hydrochloric acid {HCI), argon (Ar)

and nitrogen (N3),

33 An apparatus for removing a layer from a substrate surface as recited in

claim 29, whercin the layer is an organic material,

34, An apparatus for removing a layer from a substrate surface as reeited in
claim 29, wherein the at Jeast one encapsulating transport is combined with other

encapsulating transports to define a foam.

35, An apparatus for removing a layer from a subsirate surface as recited in

claim 29, wherein the at least one encapsulating transport is a bubble.



