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I nvention This invention relates generally to substrate fabrication, and
nore particularly to 10 sem conductor wafer cleaning after etch
operations. 2. Description of the Related Art As is well known,

sem conductor devices are fabricated fromseni conductor wafers, which are
subj ected to nunerous processing operations. These operations include, for
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As is well known, semiconductor devices are fabricated from semiconductor

wafers, which are subjected to numerous processing operations. These operations include,
for example, impurity implants, gate oxide generation, inter-metal low K dielectric,

15 metallization depositions, photolithography pattering, etching operations, chemical
mechanical polishing (CMP), etc.

Figure 1A illustrates a cross-section partial view of a layer stack, representing the
layers formed during the fabrication of a typical semiconductor integrated circuit (IC)
device. The layer stack typically can have numerous layers in the stack. Only a top

20  portion of the stack where processing is taking place is shown. Metallization layer 13
typically includes aluminum, copper or one or more of a variety of known aluminum
alloys such as Al--Cu, Al--Si, and Al--Cu--Si. Also shown is an anti-reflective coating
(ARC) layer 14 that is formed over metallization layer 13. As is well known in the art,
ARC layer 14 is typically composed of Ti, TiN or TiW. Generally speaking, ARC layer 14

25 is useful in preventing light used in photolithography processes from reflecting and
scattering off of the metallization layer 13 surface. A low K dielectric layer 16 is then
formed over the ARC layer 14. In this simplified example, a photoresist layer 18 is then
spin coated over the low K dielectric layer 16 and patterned to define windows where
etching is desired. As is well known, photoresist layer 18 represents a layer of

30 conventional photo-sensitive resist material that may be patterned using patterned reticles



30 conventional photo-sensitive resist material that may be patterned using
patterned reticles WO 03/058694 PCT/ US02/ 40987 -2 and a stepper that
passes seWwodBiows94 i ght waves onto the surface of photoresiPst/usay€9s18. The
| ayers of the layer stack are readily recogni zable to those skilled in the
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i ncludi ng chem cal vapor deposition (£VD), plasma-enhanced chem cal vapor
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My be  residue 27 depends upon the material being etched, the chemistry used for the etching, the

chemistries used for ashing, and the underlying material. Thus, the material representing
the residue 27 will generally be a low K dielectric material containing some of the etch
chemistry components, ashing chemistry components, carbon from the photoresist, and
20 organic residues. The residue 27 may extend along the sidewalls and up onto the
photoresist layer 18. In addition, a residue crown 27° may form on the surface of the low

K dielectric layer.

To remove the residue 27, it is conventional practice to move the wafer into a

chemical bath containing liquids that are designed to remove the residue 27. Although

25 chemical bath rinsing has worked in the past, the demand for smaller device features has
increased the need to have a very clean environment at every step of a fabrication process.
Unfortunately, bath rinsing is inherently an unclean environment. The residue 27 being
rinsed in the bath may therefore contaminate the bath, and the removed material may be
deposited or can attach to other parts of a wafer or to other wafers being processed

30  through the bath.



deposited or can attach to other parts of a wafer or to other wafers being
processed 30 through the bath. WO 03/058694 PCT/ US02/40987 -3 In

addi ti on,woma®sssbd onal net hods of cl eaning which are generalriusoziesygned to
remove silicon oxide residues after etching and ashing are not effective to
clean low K dielectric residues. This is because oxides are hydrophilic
and formdifferent types of residues.-which require different types of

cl eani ng nmet hodol ogy. In contrast, low K 5 dielectrics are hydrophobi c and
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15 or a method. Several inventive embodiments of the present invention are described

below.

In one embodiment, a method for cleaning a semiconductor wafer is provided
which includes plasma etching a feature into a low K dielectric layer having a photoresist
mask where the plasma etching generates etch residues. The method also includes ashing

20  the semiconductor wafer to remove the photoresist mask where the ashing generating
ashing residues. The method further includes removing the etching residues and the
ashing residues from the low K dielectric layer where the removing is enhanced by
scrubbing the low K dielectric layer of the semiconductor wafer with a wet brush that
applies a fluid mixture including a cleaning chemistry and a wetting agent.

25 In another embodiment, a method for cleaning a semiconductor wafer is provided.
The method includes plasma etching a feature into a low K dielectric layer having where
the plasma etching generating etch residues in and around the feature, and subjecting the
semiconductor wafer to an ashing operation where the ashing operation generating ashing
residues. The method also includes scrubbing the low K dielectric layer using a mixture

30 fluid including a cleaning chemistry and a wetting agent where the wetting agent



sem conductor wafer to an ashing operation where the ashing operation
generating ashing residues. The nethod al so i ncludes scrubbing the |low K
di el ectriwoloagsseousi ng a mixture 30 fluid including a cl @amiusg2/¢teem stry
and a wetting agent where the wetting agent WO 03/058694 PCT/ US02/ 40987 -4
conditions the low K dielectric layer to facilitate cleaning of the etch
residues and the ashing residues wthsthe cleaning chem stry. In yet

anot her enbodi nent, a nmethod for cleaning a sem conductor wafer is

provi ded. The net hod i ncl udes plasma etching a feature into a | ow K
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ashi ng of %%feé u\%‘@? $de %Pé?ﬁﬂbe ation generating ashing residues.
The nmethod al sg yeP&ddikle enibotiHRRIL, rb&n&th@d Fsrwidénthiged efisinciuttay eufer issi ng a

m xture fluid including a cleaning chemstry and a wetti n%@agent wher e t he

wetting pageddd. Thadieticoiscinfes nlamactehing » faature intaypdew KodiekelriCile¥ e ¢l eani ng
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t he etchi ues and the ashing residues. In another enbodi nent, a
met hod f generhibemnashingaresidudsc A wodtioed alerf imclidss gordbiegde low Hediglsetiisdayehc| udes

| tchi f to a lowK dielectric | 15 th
bl asima_cveREAqugerer A igindat eSS S ol B Ay Bofige” |
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operation generatl ng as resi he met hod al so i ncl udes scrubbi ng
the how Kheishirpokesidaes \myletheuﬁaanglga:hanmsltmrr ghe fmaflaodl ﬁlrthbmnclmgeSascmbbm ng

chem stry and a wetting agent re the wet e ndjtions the | ow K
di el ect r itle loxg/Rdiglectrig Fyey ‘t‘%‘%&athé% i lec?Pp{nyégg@t‘%H C[g %ﬁ‘ﬁ the 20
ashing resid The wetting agent is a

curfact a ﬁ?mgy §§ tl# étan{ﬁg?esﬁiu%? d@e%ﬁﬁ% s ics.

ani n emstr standard clean-1 (SC 1)

sol uti on i ncl uydiafgthar éiﬂdiﬁﬂniﬁaﬁtl ometod fbﬂ-@l&mmg-ﬂ@éx’mcamﬂlcttewmfcmeﬂm(vme)i wat er .
The surfactant has a concentration between about 0Q5. per.cent vvei ght
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residues. The method also includes scrubbing the low K dielectric layer using a mixture
fluid including a cleaning chemistry and a wetting agent where the wetting agent
conditions the low K dielectric layer to facilitate cleaning of the etch residues and the
20  ashing residues with the cleaning chemistry. The wetting agent is a surfactant and the
cleaning chemistry is a standard clean-1 (SC-1) solution including a combination of
NH,OH, H,0,, and deionized (DI) water. The surfactant has a concentration between
about 0.005 percent by weight to about 0.1 percent by weight, and the combination ratio of
NH,OH , H,0,, and DI water is between about 1:4:10 and about 1:4:30. The method also
25  includes scrubbing the low K dielectric layer using the brush while applying deionized

(DI) water after removing the etching residues and the ashing residues.

The advantages of the present invention are numerous. Most notably, by utilizing a
method for optimized mechanical and chemical cleaning of low K dielectric features after
an etching and ashing processes, contaminating residues which may form crowns or other

30 contaminating accumulations can be removed in an efficient manner. Specifically,

mechanical brushing and use of a fluid mixture with a cleaning chemistry and a wetting



The advant ages of the present invention are nunerous. Mst notably, by
utilizing a nethod for optim zed nechani cal and chem cal cleaning of |ow K
di el ectriwofogasaspes after an etching and ashi ng processe®CTamsny#¥snhat i ng
resi dues which may formcrowns or other 30 contam nating accumnul ati ons can
be renmoved in an efficient manner. Specifically, nmechanical brushing and
use of a fluid mxture with a cleaningschem stry and a wetting WO 03/ 058694
PCT/ US02/ 40987 -5 agent may advant ageously renobve contam nating residues

fromthe low K dielectric features and the surface of the low K dielectric
| ayer. Thewmsfore adypmreconsly Kemose confanEnating: teidips fome he owokaflipiorirs

utilized he flul.d mxture.in coRj I.: |t I : . .cl ean
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5 Qher 3speclissRRds edya™ RaRSiz&], thdQuilnESaRé i MAHctem with/brusheeaibbing
apparent from the follow ng detail ed description, taken in conjunction

Wi t h t he naryodegpaloraliy fithawidhGeral ™idohtastinats mgnisybstentiadly cekanepd manhgs.

princi ples of the present invention. BRI EF DESCRI PTI ON OF THE DRAW NGS The
presept i nventoRg pédis Red heridoys onherséseadinbyntiohewflbbdcomiengpakehiafrbrad 10
description in conjunction with the acconpanying drawings. To facilitate
this deschs following detailes das¢rptione takan itk peijenciiesvgiuthe acequapay g drayaes,

el enents.. Figure 1A illustrates a.cross-section I view of a | ayer

st ack, ré%‘isé‘g‘gﬂ%}’%&’aYH ex ”@8&?%@? Oﬁﬁ‘?w&setnﬁgj%%ﬂé@rcati on of a typical
sem conductor integrated circuit (1C) device._15 Figure 1B shows the a
cross-section view of aBRIZEDESCRI aH Mo ati on is conducted

after the plasna etching operatign, Fi e 2A sho a waf cl eani.n
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det ai | ed IkeheRBhten@healy dxignub diky stnaftern] ebmamsng station in accordance

wi th one enbodi mrent of the present invention. Figure 3Aillustrates a
simplified thrggndilfeNRsENES 2 GRS paRtidd Fidw 6f a iyes Brask, regtesenting the
scrubbing a top surface and a bottom surface, respectively, of a wafer.

Fi gures 3BeandorBEdi duringt that fabiication - afet typieed| semiiconduespr iniegratied foatewih t(IC)

orientations for
device.

15 Figure 1B shows the a cross-section view of a layer stack after an ashing operation

is conducted after the plasma etching operation.

Figure 2A shows a wafer cleaning station for use in cleaning low K dielectric
features that may be controlled in an automated way by a cleaning control station in

accordance with one embodiment of the present invention.

20 Figure 2B shows a more detailed schematic of an exemplary wafer cleaning station

in accordance with one embodiment of the present invention.

Figure 3A illustrates a simplified three-dimensional diagram of a pair of brushes

and for scrubbing a top surface and a bottom surface, respectively, of a wafer.

Figures 3B and 3C illustrate cross-sectional views of two different orientations for

25 scrubbing a wafer, in accordance with one embodiment of the present invention.

Figure 4 shows a flowchart that illustrates a method for etching and cleaning low K

dielectric features in accordance with one embodiment of the present invention.



25 scrubbing a wafer, in accordance wth one enbodi nent of the present

i nvention. Figure 4 shows a flowhart that illustrates a nmethod for etching
and cl earwog@3lossswK dielectric features in accordance w tRrCorEsSorndedi nent

of the present invention. WO 03/058694 PCT/US02/ 40987 -6 Figure 5
illustrates a flow chart defining the performance of a brush scrubbing
operation with cleaning chem stry and-& wetting agent to renove the
generated low K dielectric etch residues and ashing residues in accordance
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sem condugtRktrivah@l resldied BEd helih®YdsiiBies @6 8Edopddnod withusms enibodimeni 61 the
details are set forth in order to provide a thorough understanding of the

present ipresemtinvantidit wi |l 10 be understood, however, by one of ordinary
skill in the art, that the present invention nay be practiced w thout sone

or all of these specifjic details. In other instange 2 Wn process
operati ons halE WMWE%EFEMEEQ @P#ﬁ\@ﬁéjnnecessari ly
obscure the present invention. It will be obvious, however, to one skilled
in the art, tBbadipepepkimgethe présenieinyémionrfils thesepreads bypwvidingagthods s or

all of these specific detai]s.  In other instancges, .15 'll ggokﬁnﬂprsolcsess
oper at i oS§1gRIY chspingRast gish @pd past ashmg gesifyes Wheg a8y HGreledic ittt Ssari 1y
obscure t r.esent. : | i I : : } § ecife deskr i bed
for net hgg&gne@flgzdf%gﬁ%édgl\@ ?‘5’* glﬁgeé'n?l}lgﬁrfg{@klgg?{e%a%t%?égﬁg?ag% \g}iekr] | ayers of a
seni condugd @ fovef @rordélrefpesvibie § thdrbwghcirelarsianginigsof thepiegers dnventief.f tovillnt | y
remove post plasma etch and post ashing resi dues and ot her 20 rticul ates
fromlfn &ednderstend haveayer byore IQf@F‘E!‘-%'EtS]F]innfﬂéed%rtg%t. thepees W‘f@%ﬁf’% M&¥tric
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di el ect r ifgo&oSfedtton@Thaddastt bedn @esdribe® iedetsilodiderndt tCamatbdkidanifs olsscure
dielectric constant val ue of between about 2.5 to_about 2.8, Unfortunately,

whi | e t hehé¢ pussatt divehden. di wilbes ghreeusaheweyesl tojoge skifigd i heattethat g PIGSEM] at or

than the .sili.con dioxide. dielectri tar] | e
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remov§ pajdi &nSwnapdceds operations have not been described in detail in order not to

unnecessarily obscure the present invention.

In general terms, an invention is described for methods of efficiently cleaning
etched . features of given layers of a semiconductor wafer. Preferably, the cleaning is
designed to efficiently remove post plasma etch and post ashing residues and other

20  particulates from in and around etched low K dielectric features. The low K dielectric
material is typically engineered to have a dielectric constant ranging between about 1.5
and about 3.5 while silicon dioxide typically has a dielectric constant of about 4.0. In one
embodiment Coral™ has a dielectric constant value of between about 2.5 to about 2.8.

Unfortunately, while the low K dielectric polymer material is a much better

25  insulator than the silicon dioxide dielectric materials, and greatly reduces the coupling
capacitance between metal lines, it is much harder to clean and remove particles and/or
metal contaminants from the surface of the a low K dielectric layer because it is
hydrophobic. Consequently, conventional water and other aqueous cleaning fluids are
unable to wet the surface and ririse away particle contaminants because they are repelled

30 and bead on the surface of the low dielectric layer.



metal contam nants fromthe surface of the a low K dielectric | ayer because
it is hydrophobic. Consequently, conventional water and ot her aqueous

cl eani ng WDwBaissésd e unable to wet the surface and rinse &EAWSPHHWBTI e
contam nants because they are repelled 30 and bead on the surface of the

| ow dielectric |layer. WO 03/058694 PCT/US02/ 40987 -7 The follow ng
description provided with reference teo7+igures 2A through 3C w |

i ntroduce exenplary preparation units and their respective orientations in
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pl aced in er station 104. The s r station 104 then delivers
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through an exit spray In order to renove the 20 cleaning fluids and any
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to the receiver station 110 for tenporary ﬁtoracg]e. .Fi gt%re %B shows a nore
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recei ve 304 asmelidivesanifas lomgata-Bmeorthecleafingethes $06. Thend embadiaent, thecond

cl eani ng stages 106a and 106b preferably, include a .
cleaning stage 106 is divided into a first cleaning stage 106a and a second cleaning stage

106b, although having just one cleaning stage 106 will also work. After passing through
the cleaning stage 106, the wafer is passed through an exit spray in order to remove the
20 cleaning fluids and any contaminants. The SRD station 108 dries the wafer and then it is
delivered to the receiver station 110 for temporary storage.
Figure 2B shows a more detailed schematic of an exemplary wafer cleaning station
100 in accordance with one embodiment of the present invention. Both the sender station
104 and the receiving station 110 are preferably adapted to receive a cassette containing a
25  number of wafers. The first and second cleaning stages 106a and 106b preferably include a
set of polyvinyl alcohol (PVA) brushes 120 that have through the brush cleaning fluid
application, although fluid can be applied to the brush through the drip manifold. As is
well known, the brushes 120 are capable of scrubbing the wafer without damaging the
delicate surface.
30 Figure 3A illustrates a simplified three-dimensional diagram of a pair of brushes

120a and 120b for scrubbing a top surface and a bottom surface, respectively, of a wafer



set of polyvinyl alcohol (PVA) brushes 120 that have through the brush
cleaning fluid application, although fluid can be applied to the brush

t hrough twe odwsgsosani fold. As is well known, the brushesPC20Saz/e098apabl e
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illustrates a sinplified three-di nensional diagramof a pair of brushes
120a and 120b for scrubbing a top surface and a bottom surface,
respectively, of a wafer WO 03/058694 PCT/US02/40987 -8 130. Typically,
the wafer 130 is caused to rotate in a particular direction while the
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surfactant. C- 1 sol uti s a conbination of NH4AOH , H202,” and
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a surfactant, for cleaning low K dielectric,features has a concentration of
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pr ef er abl'y "about parts H202, 20 parts deionized (D)
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sur f act ari petfrds abyutIMpaf NEL,OHRaUparts ML D330 parts ddiemzddn@ipovater aidiaticam s
part NH,OH , 4 parts H,0,, 10 parts deionized (DI) water, and preferably about 1 part
NH,OH , 4 parts H,O», 20 parts deionized (DI) water.
The wetting agent may any suitable chemical or a combination of chemicals that
20  may render hydrophobic substances cleanable by the cleaning chemistry. In one
embodiment, the wetting agent may be a surfactant such as, for example, hydrocarbon
surfactants or fluorinated surfactants. Preferably, the surfactant utilized may be
fluorinated surfactants made by 3M of St. Paul, Minnesota. Fluorinated surfactants
dramatically lower surface tension values at extremely low concentrations when compared
25  to conventional surfactants. Examples of fluorinated surfactants made by 3M include
anionic surfactants, such as FC-93, amphoteric surfactants, such as FC-100, FC-120,
cationic surfactants, such as FC-135, and nonionic surfactants, such as FC-171. FC-120is
a preferred choice but others will work as well. Surfactants may provide additional
cleaning abilities to the SC-1 solution because low K dielectrics such as, for example,

30 Coral ™ is generally a hydrophobic compound. Surfactant molecules are amphiphilic,

containing both hydrophobic and hydrophilic groups (e.g., a hydrophilic group and a
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bot t om sugf aeRchic FAQIUWATRIY be cleaned with a combination of mechanical energy and
chemical removal.
Figures 3B and 3C illustrate cross-sectional views of two different orientations for
scrubbing a wafer 130, in accordance with one embodiment of the present invention. As
20 shown in Figure 2B, the wafer is held horizontally while a top brush 120a scrubs the top
surface of the wafer 130, and a bottom brush 120b scrubs the bottom surface of the wafer
130. As mentioned above, the wafer 130 is configured to rotate (using rollers not shown)
at the same time that the brushes 120 rotate to ensure that the entire surface area of the
wafer is properly scrubbed to remove contaminants, etch the surface to a desired degree, or
25  buffthe surface. Thus, Figure 3B illustrates a horizontal wafer scrubber 100b.
In contrast, Figure 3C illustrates a vertical wafer scrubber 100c in which the wafer
130 is scrubbed while in a vertical position. Typically, the wafer 130 sits on a pair of
rollers of the scrubber 100c. The brushes 120 are configured to rotate in a desired direction
such that both sides of the wafer 130 are evenly scrubbed, using an equal and opposite
30 . pressure on each side of the wafer 130.

Figure 4 shows a flowchart 200 that illustrates a method for etching and cleaning
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Then the method moves to operation 206 which performs an ashing operation to
remove the photoresist where the ashing operation leaves some ashing residues To
20 remove the patterned photoresist from over the patterned low K dielectric layer, the
method utilizes ashing operations well known to one skilled in the art that are commonly

used to remove photoresist materials.
After operation 206 the method moves to operation 208 which performs a brush
scrubbing operation using a fluid mixture including a cleaning chemistry and a wetting
25  agent to remove residues from the low K dielectric layer. When the ashing operation is
complete and the photoresist material has been removed, the wafer is processed through a
brush scrubbing system with the cleaning chemistry and the wetting agent. In one
embodiment, the cleaning chemistry may be an SC-1 solution and the wetting agent may
be a surfactant. In one embodiment, the brush scrubbing operation can be performed in a
30  brush scrubbing station that incorporates a pair of brushes for evenly brushing each side of

the processed semiconductor wafer. Operation 208 is discussed in further detail in
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" utilized in the first brush box and second brush box to clean both sides of the wafer. In
TTB operations, the premixed chemistry is supplied to a brush core from which the
premixed chemistry is supplied to the surface of the brush through a plurality of holes.

20 After operation 242, the method moves to operation 244 which applies the brush in
the first brush box to a wafer. The application of the brush to the wafer enables the
scrubbing of the surface for a period of, in one embodiment, between about 15 seconds
and about 60 seconds, and preferably around 35 seconds. The premixed chemistry may be
continuously supplied to the brush during the scrubbing process. In one embodiment, the

25  pH of the brush is kept constant where the pH of the is between about 9 and about 13. It
should be noted that brush scrub cleaning in the context of post etch and ashing operations
of low K dielectric features is substantially different that the conventional technique of
chemical bath treatment or chemical spray treatment. Therefore, by using both the
premixed chemistry for chemical cleaning and mechanical scrubbing by the brush,

30 residues (e.g. the etching residues and the ashing residues) on both the surface of the wafer

and within the low K dielectric features may be effectively cleaned.



TTB operations, the prem xed chem stry is supplied to a brush core from
which the prem xed chem stry is supplied to the surface of the brush

t hrough awploansdepsy of holes. 20 After operation 242, thePogtuson4ayves to
operation 244 which applies the brush in the first brush box to a wafer.
The application of the brush to the wafer enables the scrubbing of the
surface for a period of, in one enbodiment, between about 15 seconds and
about 60 seconds, and preferably around 35 seconds. The prem xed chem stry
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Cperat! Orlm%iergtoro?l rll?z;{te’}clsle DI water application to the wafer may progress for any suitable period
of time. In one embodiment, the DI water is applied to the wafer through the brush
between about 20 seconds to about 50 seconds, and preferably about 30 seconds. Any

20  suitable DI water flow rate may be utilized in operation 250. In one embodiment, the flow
rate of DI water is between about 1200 ml per minute to about 3500 ml per minute, and
preferably about 3000 ml per minute. Alternatively, DI water may be applied to the wafer
through a separate set of rinse nozzles. It should be understood that the brush scrubbing
operation that includes the delivery of chemicals followed by a DI water rinse is

25  configured to yield a high degree of cleanliness while removing the generated etch
residues and ashing residues from within the etched low K dielectric features, as well as
removing other particulates and contaminants that may have been deposited during the
ashing operation.

Then the flowchart 208 ends with operation 252 where a spin, rinse, and dry

30  operation is conducted on the wafer. In one embodiment, operation 252 dries the wafer

and delivers a wafer to a receiver station for temporary storage.



the prem xed chem stry and any remai ning contam nants fromthe wafer. It
shoul d be understood that the DI water application to the wafer nmay
progress Worozasmsosui t abl e period of tine. In one enbodi nPaT/USKLIEIBT wat er
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terms of several preferred enbodinents, it will be appreciated that those
skil | ed ippdheciaitedipon readi ng the preceding specifications and studying
the drawings will realize various alterations, additions, pernutations and
equi valents thereof. It is therefore intended that the present invention 5
includes all such alterations, additions, pernutations, and equival ents as
fall within the true spirit and scope of the invention. Wat is clained
is: WD 03/058694 PCT/ US02/ 40987 -14 CLAIMS 1. A nethod for cleaning a
sem conductor wafer, conprising: plasma etching a feature into a | ow K
dielectric layer having a photoresist mask, the plasma etching generating
etch residues;




5 ashing the sem conductor wafer to renove the photoresist nmask, the ashing
generating ashing residues; and renoving the etching residues and the
ashi ng r eapdaesséb+ omthe |ow K dielectric |ayer, the rempeirgobeiosy
enhanced by scrubbing the low K dielectric |ayer of the sem conductor
wafer wwth a wet brush that applies a fluid m xture including a cleaning

10 chem stry and a wetting agent. 2. .A«nethod for cleaning a sem conductor
wafer as recited in claiml, wherein the wetting agent is a surfactant and
the cl eaning chem stry includes a conbi nati on of NH4CH, H202, and
deionized (D) water. 3. A method f&LAIMSaning a sem conductor wafer as
recited in claim?2, wherein 15 the surfactant is selected froma group
conpri si ng fl uor osyarhiathbdfdrsleanthghysdmicadbetor walgr.fcanpasmg: 4. A net hod for
cl eaning a sem conductor wafer, as recjted in claim 3 erein, th
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wafer as recited in claim2, wherein the conbination ratio of NHAOH H202,
and DI wgemerating askingeesidugbod 1: 4: 10 and about 1:4:30. 25 7. A nethod for

cl eaning a sem condugt g fer. i - Al O
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the wetting agent is a surfactant and the cleaning chemistry includes a combination of

NH4OH, H,0,, and deionized (DI) water.
3. A method for cleaning a semiconductor wafer as recited in claim 2, wherein
15  the surfactant is selected from a group comprising fluorosurfactants and hydrocarbon
surfactants.

4. A method for cleaning a semiconductor wafer as recited in claim 3, wherein
the surfactant has a concentration between about 0.005 percent by weight to about 0.1
percent by weight.

20 5. A method for cleaning a semiconductor wafer as recited in claim 3, wherein
the surfactant has a concentration of about 0.01 percent by weight.

6. A method for cleaning a semiconductor wafer as recited in claim 2, wherein
the combination ratio of NH4OH, H,0,, and DI water is between about 1:4:10 and about
1:4:30.

25 7. A method for cleaning a semiconductor wafer as recited in claim 6, wherein
the combination ratio of NH;OH, H,0,, and DI water is about 1:4:20.

8. A method for cleaning a semiconductor wafer as recited in claim 1, further
comprising:

scrubbing the low K dielectric layer using the brush while applying deionized (DI)

30 water after removing the etching resjdues and the ashing residues.

9. A method for cleaning a semiconductor wafer, comprising:



subj ecting the sem conductor wafer to an ashing operation, the ashing
operation generating ashing residues; and 5 scrubbing the low K dielectric
| ayer usiwg@oa/ossesd ure fluid i ncluding a cleaning chem st PETASA2/4098ktt i ng
agent, the wetting agent being configured to condition the |ow K
dielectric layer to facilitate cleaning of the etch residues and the ashing
residues with the cleaning chem stry-.i510. A nethod for cleaning a

sem conductor wafer as recited in claim9, further 10 conprising:
scrubbing the low K dielectric |ayer using the brush while applyi.n
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chem stry i nckyesing k& dMhibatduidr MafekDo Mrddhihg ofd2étion, thiechshia opéeratieh (DI )
water. 12. A method for cleaning a sem conductor wafer as recited in claim
11, whegeneanatingmsBingfresidwestands sel ected froma group conprising fluorinated

surfactants and . hydrocar .surfactants. 1 3 il g a
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sem conductor wafer as recited i aim1l1l, wherein the conbination ratio
of NitgOHcombdSidg: and DI water is about 1:4:20. 17. A nethod for cleaning a
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11. A method for cleaning a semiconductor wafer as recited in claim 9, wherein

the wetting agent is a surfactant and the cleaning chemistry includes a combination of
15 NH,OH, H,0,, and deionized (DI) water.

12. A method for cleaning a semiconductor wafer as recited in claim 11,
wherein the surfactant is selected from a group comprising fluorinated surfactants and
hydrocarbon surfactants.

13. A method for cleaning a semiconductor wafer as recited in claim 11,

20  wherein the surfactant has a concentration between about 0.005 percent by weight to about
0.1 percent by weight.

14. A method for cleaning a semiconductor wafer as recited in claim 11,
wherein the surfactant has a concentration of about 0.01 percent by weight.

15. A method for cleaning a semiconductor wafer as recited in claim 11,

75  wherein the combination ratio of NH,OH, H,0,, and DI water is between about 1:4:10 and
about 1:4:30.

16. A method for cleaning a semiconductor wafer as recited in claim 11,
wherein the combination ratio of NH,OH , H,O,, and DI water is about 1:4:20.

17. A method for cleaning a semiconductor wafer, comprising:

30 plasma etching a feature into a low K dielectric layer having, the plasma etching

generating etch residues in and around the feature;



subj ecting the sem conductor wafer to an ashing operation, the ashing
operation generating ashing residues; and scrubbing the low K dielectric
| ayer usiwg@oa/ossesd ure fluid i ncluding a cleaning chem st PETASA2/4098ktt i ng
agent, the wetting agent being configured to condition the low K 5
dielectric layer to facilitate cleaning of the etch residues and the ashing
residues with the cleaning chem stry;isand scrubbing the low K dielectric

| ayer using the brush while applying deionized (DI) water after renoving
the etching residues and the ashing residues. 18. A nethod for cleaning a
seni conduct or svkieesingdhe sespicenducton wayfesitoran ashing epefioneths afiHBS RREEHTY agent
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the conbinatign rati o of NHAOH H202, d D.water is between about 1:4:10
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water is about 1:4:20. 25
10  wherein the wetting agent is a surfactant and the cleaning chemistry includes a
combination of NH,OH, H,0,, and deionized (DI) water.
19. A method for cleaning a semiconductor wafer as recited in claim 17,
wherein the surfactant is selected from a group comprising fluorinated surfactants and
hydrocarbon surfactants.
15 20. A method for cleaning a semiconductor wafer as recited in claim 18,
wherein the surfactant has a concentration between about 0.005 percent by weight to about
0.1 percent by weight.
21. A method for cleaning a semiconductor wafer as recited in claim 18,
wherein the surfactant has a concentration of about 0.01 percent by weight.
20 22. A method for cleaning a semiconductor wafer as recited in claim 18,
wherein the combination ratio of NH4OH, H,0,, and DI water is between about 1:4: 10 and
about 1:4:30.
23. A method for cleaning a semicohductor wafer as recited in claim 18,

wherein the combination ratio of NH;OH, H,0,, and DI water is about 1:4:20.
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