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FILMS 5 BACKGROUND OF THE INVENTION 1. Field of the Invention Th :

i nvention 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
from sem conductor wafers, which aré-subjected to nunerous processing
operations. These operati ons i nclude, for exarrpl e i mpurity inplants, gate
. oxi de generati |nter- E&WK di egectr C talllzatlon :

deposi tions; pﬁg@ K&L cheni cal
mechani cal poli shi ng (CNP) etON(EO@MBFMISI | ustrates a cross-section
partial view of a layer stack, representing the layers fornmed during the
fabrication of a typical semiconductor integrated circuit (1C device. The

| ayer. stack typically can have nunerous |ayers in the stack. Only a top P

portlon of the stack where processing is taking place is shown.
7 I}ization layer 13 typically includes alum num copper or one or rmore
.of a variety of known alum num alloys such as Al--Cu, Al --Si, and
Al--Cu--Si. Also shown is an anti-reflective coating (ARC Iayer 14 t hat
is fornmed over netallization layer 13. As is well known in the art, ARC
| ayer 14 is typically CMGRQHNITDFIHE]MVENWN%neraI | y speaking, ARC
llayer 14 25 is useful .in preventing light used in photolithography
pr oces3eFidld ofiliefdveationg and scattering off of the netallization |ayer 13
surface. Alow K dielectric layer 16 is then formed over the ARC layer 14.
In this simid in%@ntﬁiﬁaf@alté‘s @ﬂepiir%t R &ﬁgééte'magé MBRNpariBiIaF @ait ed
~sover the low K dielectric yer 6 and patterne efi ne’ w ndows wher e
et thi ngemlsonthmtar@mfeuﬂ(slcamngj\m‘ftdr elnhmperatlphmtore5| st Iayer 18 represents a

|'ayer of :

2. Description of the Related Art

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 die_lectr_id,
15 metallization depositions, photolithography paitering, etching operations, chemical
mechanical polishing (CMP), etc. _

Figure 1A illustrates a cross-section partial view of a layer stack, representing the -
layers form_ed' 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

120 portion of the stack where processing is taking place is shown. Metallization layer 13
typically includes alumihum, 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 patte@rﬁeﬂ gszﬁ%
“patterned reticles and a stepper that passes selective |ight waves o ij
~surface of photoresist |ayer 18. The layers of the |ayer stack are readily
- recogni zable to those skilled in the art and nay be forned using any
‘nunber of known deposition processes, including chem cal vapor deposition
.(CVD), plasma-enhanced chem cal vapee-deposition (PECVD), physical vapor
deposition (PVD) such as sputtering, spin coating, etc. At this point, an
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© mat er i 8FORIHE RHAfFmg PRl the,stchizdhis ehaspn d0 have gepd selectvity iy iepgple
chegn SEFRE; : ' hSt ' si dues.

R AN IR e S L S et
| ayer - fiélymienfamtetion 82 js lenawasiodisenrcorotive sidléwalimypf featumesolV tidigg stchédice of the
low K dielectric layer.. To renpve the residue 27, it is conventional '
- practice t OFigye1BRRowefiRSa érBiDsctios IR 6244 1ahat Jia&oarﬁealaﬁlaemng 'O?Hﬂaﬁﬁnt hat
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.are designed to renove the residue 27. Altholgh 25 chem cal h.rinsing
"~ has wordkets rendugtedpafier the idasearatelinigoopsation. e Thdeashing bperatiore setvas to

e eSO AT 8, U R AL TS 7 FEREE ) o
enys r orTeRby inthRle'owh Bi¢hing resl@hdd%nd ashing residues. The actual composition of the
| ' residue 27 depends upon the material being etched, the chemistrjr used for the etching, the
chemistries used for ashing, and the underlying material. Thus, the material répresenting
the residue 27 will generally be a fow K dielectric material containing some of the etch
_ chemistry components, ashing chemistry components, carbon from fhe 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 béing
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.




rinsed in the bath may therefore contam nate the bath, and the r v$§¥ ﬂmﬁ.
material nay be deposited or can attach to other parts of a wafer o

ot her wafers being processed 30 through the bath. In addition,

conventional nethods of cleaning which are generally designed to - renove
si‘li con oxide residues after etching_and ashing are not effective to clean
low K dielectric residues. This is bdtause oxides are hydrophilic and form"
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“geMkrating ashing resi duesSUMMARY OF T H udes renoving the
etching residues and the ashing residues from the low K dielectric | ayer.
wher e the rBruadiyngpealsingtheposentliyversion 1l thesetreedd: l@y\piéwcﬂmg e€improvedyer of
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implemented in numerous ways, including as a process, an apparatus a system, a dewce'

- 15 or a method. Several inventive embodiments of the present invention are described.

below.

~ Inone embodiment, a method for cleaning a semiconductor wafer is proﬁded

which includes plasma etching a feature into a low K dielectric layer having a photo_resist
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 Iayef where the removing is enhancéd 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 fayer 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 tﬁixture

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




The nethod includes plasma etching a feature into a | ow K di el echrﬁm%ﬁ%
havi ng where the plasma etching generating etch residues in and*a

feature, and subjecting the sem conductor wafer to an ashing operation
where the ashing operation generating ashing residues. The nethod al so

i ncl udes scrubbing the low K dielectric layer using a mxture 30 fluid
including a cleaning chemstry and a*wetting agent where the wetting agent
conditions the low K dielectric layer to facilitate cleaning of the etch
residu s ' ' I ' ' LN yet
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the low K dielectric Tayer "using a m Xxt ding a cleaning .
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~solution | ﬁﬁaﬁ&%ﬂgdeg(ﬂé%ﬁﬁ éﬁ%?ﬁ%ﬁq%ﬁcméﬁ%%@ é%tﬁ?jﬂggfganvlﬁzéﬁ%lg) wat er-.
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t o about .0. Ja per cent by wehiight, and the conbination ratio of,
semiconguctor water to an ashinig operation where the ashing operation gene_ratmg ashing .

residues. The method also includes scrubbing the low K dielectric layer using a mixture
fluid inciuding 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 sUrfa_ctant 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 beﬁweén
about 0.005 percent by weight to about 0.1 percent by weight, and the combination ratio of
NH;OH , H;O,, and DI water is between about 1:4:10 and abbut 1:4:30. The method also

25  includes scrubbing the low K dielectric layer using the brush while applying deionized -

(DI) water afte_r 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 cfﬁcient manner. Speciﬁcally,

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




NHAOH , H202, and DI water is between about 1:4:10 and about 1: ;3 ttﬁ
met hod al so 25 includes scrubbing the low K dielectric |layer usi i
brush while applying deionized (D) water after renoving the etchl ng
residues and the ashing residues. The advantages of the present invention
are nunerous. Mst notably, by utilizing a method for optim zed nechani cal
and chem cal cleaning of |ow K di el ettric features after an etchi ng and

" ashing processes, contaninating residues which may formcrovvns or other 30
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after er onduct e fter the plasnma etching operation.

~ Fi gure%iflﬁ %ﬁ%ﬁgeﬁ'ﬂﬁg?’-&rd%ﬂg@% il SEFP%H'W Fr emsitsyse in cl eaning | ow K
dielectric features that may be controlled in an automated way by a

cl eani ng cohiguse 14 uptsaies A cToseseqtinanprstisli wiew of @ layss stiickprepresentingsther esent

I nvent H}@rs formed during the fabrication of a typical semiconductor integrated circuit (IC)

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 cleanmg control station in

accordance with one emboduncnt 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 scrubbmg awafer, in accordance with one embodiment of the present invention.

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

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




20 Figure 2B shows a nore detail ed schematic of an exenpl ary wafq'[ c.lj@@ g

station in accordance with one enbodi nent of the present inventi oﬁ. | 3@

BAillustrates a sinplified three-di nensional diagramof 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 waf-€r, in accordance wth one enbodi nent

of the present invention. Figure 4 shows a flowchart that illustrates a

met hod for ching..and cleaping,low K .dielectric featyures in accqrdance:
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. operation with cleaning chemstry and a ting agent to~renove the
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wi th one enbodi nent of the present invention. 5 DETAI LED DESCRI PTI ON OF THE

' PREFERFESFEIBMEIMRNTS Broadl y speaking, the present invention fills these

- needs by providing methods for efficiently cleaning post etch and post
~ashing resi QW . 09 ored. in a -
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- oper at fopmed e embondeasr Wafke! TOER folloWfigaddscriptidl, d8meRRk shifbaasassarily
obscure the present invention. It will be obvious, however, to one skilled

. i n t heargset forthan opdes tp peesdde 2 thongught ynslerstandingeofihe présertinvértivoutlt wilhe or
~al{aof, th S ific details. In other instances, ,15 wel|. known process
‘ opi_eor at P%)H_Jg&e%%?fg(ﬁﬁjgfv eﬁgeﬁy(?é‘g of Pﬁ@'ﬂfﬂ?’ ﬁﬁ'c]i]e‘f‘éﬁ? aﬁtn'%ﬂf'%rpr?ﬁﬁf“ 1nyent Bessarily
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for nmethods of efficiently cleaning etched features of given layers of a
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renove, post pl.asma. et gh .and post: hi ng resi duge; nd .ot her,. :
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invention may be practiced without some or all of these speciﬁc details. In other iﬁ'stance_s,
15 well known process operations have nc"at been described in detail in order ndt to
unnecessaﬁly 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. Tn one
embodiment Coral™ has a dielectric consfant value of between about 2.5 to about 2.8.
Unfortunately, while the low K dielectric polymer niaterial 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 rinse away particle contaminants because they are repelled

30 and bead on the surface of the low dielectric layer.
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welfSer ssefruomdatton-wafers )are nitikiéy placediintg thé ageled Sfation 104NThe shaldi ptation t he

104 then delivers wafers (one-at-a-time) to the cleaning stage 106. In one embodiment, the
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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 aicohol (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 sc’rubbirig a top surface and a bottom surface, respectively, of a wafer -
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cl eaning stage 1066, although having just one cleaning stage 106 will al:
wor k. -After passing through the cleaning stage 106, the wafer is passed
through an exit spray in order to renove the 20 cleaning fluids and any
contam nants. The SRD station 108 dries the wafer and then it is delivered
to the receiver station 110 for tenpbrary storage. Figure 2B shows a nore
detail ed schematic of an exenplary wafer cleaning station 100 in )
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etween about 1 part NH,OH , 4 parts H,0;, 30 parts deionized (DI) water and abbuf 1.
part. NH4OH , 4 parts HyO,, 10 parts deionized (DI) water, and preferably about 1 part-
NH4OH , 4 parts H,0;, 20 parts deionized (DI) water.

The wetting agent may any suitable chemical or a combination of chemicals that

e

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 -
éurfactants or fluorinated surfactants. Preferably, the surfactant utilized may Vbe'
fluorinated surfactants made by 3M of St. Paul, Minnesota. Fluorinated surfactants
dramatically lower surface tension values at extremely low concentrations when cornpai'ed

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-120 is
a preferred choice but others will work as well. Surfactants rhay provide additional
cleaning abilities to the SC-1 solution because low K dielectrics such as, for example,

30 Coral ™ js generally a hydrophobic compound. Surfactant molecules are amphiphilic, |
cont_ﬁining both hydrophobic and hydrophilic groups (e.g., a hydrophilic group énd a.
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the SC-I 15 solution for use wwth a surfactant for cleaning | ow K
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“parts H202, 30 parts deionized (1)1) water and about 1.. part .NH4OH 4
parts H202, 10 parts deionized (D) water, and preferably about 1 part
NH4OH , 4 parts H202, 20 parts deioni’zed (D) water. The wetting agent may
any suitable chem cal or a. conbination of chemicals that 20 may render
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- Thi$ ef dokes flyn tscbrofh core 200todnkesbrkhds 200¢ @ik manner, the wafer with the low

_ K dielectric features may be clcaned 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  buff the surface. Thus, Figure 3B illustrates a horizontal wafer sbrubber 100b.
In contrast, Figure 3C illustrates a veﬁical 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 direcﬁon
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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~solution. In one enbodiment, the SC-1 cleaning solution may be pren xed
~with the surfactant so the fluid mixture that enters the brush cores 200
"i's the SC-1/surfactant cleaning solution. Therefore, the fluid m xture can
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| ,_‘pl ural b})grat%n 28X %cgl?béérfeﬁtgg etéhmg residues (as can be seen in Figure 1) on the
I5 etched features. The etching residues may include a composmon of the plasma etching
| chemistries, carbon from photoresist material, the low K dielectric layer being etched, and

components from the material that underlies the low K dielectric layer being etched.
Then the method moves to operation 206 which performs an ashing operation to
remove the photoresist where the ashing operation lcavés 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 niay
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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HSQ etc. In one enbodinent, Coral T"' made by Novellus Systens, Inc., in
San Jose, California, may be used as!the low K dielectric |ayer. ‘After
operation 202, the nethod noves to operation 204 where a plasm etch

oper at Eéf@rehéefbeﬁi%&‘e@d to etch the low K dielectric |ayer where the plasm
etch generates esi dues. In one enbodi nent, the plasma etching may be used
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i LY ur tefrenaetd ai Brustnin dl decond brush box) may be utilized such as, for example, dripping -

the solution to the brush surface. It shouid' also be understood that two brushes may be
utilized in the first brush box and second brush box to clean both sides of the wafer. In
TTB operations, the premixed cliemistry 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 duringr 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 brusk,

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.




~reference to Figure 5. Figure 5 illustrates a flow chart 208 defigi g §h2¥“
~performance of a brush scrubbing operation with cleaning chem st JP H 40

wetting agent to renove the generated low K dielectric etch residues and
aching residues in accordance with one enbodi nent of the 5 present
invention. It should be understood that the cleaning processes described
herein may be conducted in any suitXle type of wafer cleaning system such
.as, for exanple, the ones described in Figures 2A and 2B. The fl ow chart
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Therefore, b si,ng .both {he . )
t?ne prem}/x chegnstly and any remaining contaminants from the wafer. It should be

understood that th¢ 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 mi 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. |

Theﬂ 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 water to a receiver station for temporary storage.




prem xed chem stry for chem cal cleaning and nmechani cal scrubbin @e 08
brush, 30 residues (e.g. the etching residues and the ashing reS|due¥§ &W '
both the surface of the wafer and within the low K dielectric features my
be effectively cleaned. 0 6 JUN 2006 -12 Then the nethod advances to
operation 246 which noves the wafer fromthe first brush box to a second
brush box. In operation 246,. scrubbifBg in the first brush box is stopped
and the wafer is transported to the second brush box for further mafer
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brush may scrub for any suitable  perio I n one Iment, the
brush tmg spicit e sdope whfherinteptioren about 2 and 20 seconds, -and preferably 5

seconds. During this tine, the prem xed chem stry nmay be continuously -

supplied to the brush. After operation 249, the nmethod proceeds to
operation 250 which applies deionized 15 (D) water to the wafer through
the br#&at isclaimedéscond brush box. Cperation 250 renpves the prenixed
-chem stry and any renai ning contam nants fromthe wafer. It shoul d be
understood that the DI water application to the wafer may progress for any
Suitable period.- of ‘tine. In one enbodinment, the DI water is applied to the

~ waf er t hrough 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 enbodinment, the flow rate of D water is

bet ween about 1200 ml per mnute to about 3500 m per mnute, and

preferably about 3000 ml per minute. Alternatively, D water may be applled

~to the wafer through a separate set of rinse nozzles. It should be
_understood t hat the brush scrubblng




operation that includes the delivery of chemcals followed by a 0§ §AagRr 2008
rinse is 25 configured to yield a high degree of cleanliness while renoving
the generated etch residues and ashing residues fromwithin the etched | ow
K dielectric features, as well as renoving other particul ates and

contam nants that may have been deposited during the ashing operation.
Then the flowhart 208 ends with oper'a1t4ibn 252 where a spin, rinse, and dry
30 operation is conducted on the wafer. In one enbodi nent, operation 252
dries th%lm and delivers a wafer to a receiver station for tenporary
storage. - ile this invention has. been described in terns of several
preferred enbodinents, it will be appreciated that those skilled in the
art upon reading the preceding  specifications and studying the draw ngs
will realize Vari odsmetho@faclegnisg angdiieandneior wpler.reorarisiogs and equi val ent's

h f. [ | dth A [ [ - d |
Such al fer at BN SRReR RLRNRR R Pk ddbec S S U Sk st i i

t he truetiplisnia atling garReatdp ctdhaesidivdnti on. What is clainmed is: 0 6 JUN
2006 -14 CLAIM5.1. A nethod for c]eaning a sem conductor wafer, conprising:
pl asma et chi ngshing dgsemicongcipravalerjoremps e pheterasisy maskh dhg 3ing phot or esi st

mask,  5,40e pl.ashB . SlSd0%dener ating etch residues; ashing the
b e ilie

sem condtict or 0 renbve the photoresist nmask, the ashing generating
ashi ng resi duesnonglthe etohirigngsitins aatl ¢hd ashingassidues Sromn thetlbe Kagieleogicr esi dues
fromthello K.dielectric I@}(er havi ng the pl as etched feature, the

r emovi ngA5ES bRy g the Rasmaisiehed faanie e roheovig Peingendageed bysery lr}gerﬁ%}ovz)f t he
Sefy CoNnduCHiOkctRfIf/er W the samiBhdRiMISIattN@lh 3RR% bRSh thak bitids Tifthdh@eluac! udi ng

a cleaning chem stry and a wetting agent.
including a cleaning chemistry and a wetting agent.

2. A method for cleaning a semiconductor wafer as recited in claim 1, wherein
the wetting agent is a surfactant and the cleaning chemistry includes a combination of

15 NH4OH, H;0,, and deionized (DI) water.

3. A method for cleaning a semiconductor wafer as recited in claim 2, wherein

the surfactant is selected from a group comprising fluorosurfactants and hydrocarbon

surfactants.
20
4. A method for cleéning a semiconductor wafer as recited in claim 3, wherein
the surfactant has a concentration between about 0.003 percent by weight to about 0.1
percent by weight.
25 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 NHsOH, H,O,, and DI water is between about 1:4:10 and about
30 1:4:30.




2. A method for cleaning a sem conductor waf~r as recited in cl ﬁb%l N 7005
wherein the wetting agent is a surfactant and the cl eani ng chenis r{u Luey
i ncl udes a conbi nation of is NH40H, H202, and deionized (D) water. 3. A
met hod for cleaning a sem conductor wafer as recited in claim?2, wherein
the surfactant is selected froma group conprising fluorosurfactants and
hydr ocarbon surfactants. 20 4. A nmet-hGr for cl eani ng a sem conduct or wafer
as recited in claim3, wherein the surfactant has a concentrati on between

about 0. 005 percent, b i.ght to about. 0.1 percent b ight. 25 5. A

rethod for ol dani ng BHEBEairaRed s aiisiel RaEf Fretscied B At Whsiet o n
the surf ael@ntbifAon FatkPHOSAIOEL HAN,, 8hd BPQlfer & SdbuPeucent by weight. 6. A
nmet hod for cleaning a sem conductor wafer as recited in claim?2, wherein

the conbination ratio of NH4OH, H202, and DI water is between about 1:4: 10
and about 3041:4: 30, JUN 2006 -15 7. met hod for. ¢l eaning_.a

seni conduct or Swaf er§x Iggt%f’)(gé?rtc dhE acsieﬁjll?ﬂng}léﬁh‘é@ A re?ﬁ%(ﬁ(?oc%fnﬁaﬁrg}?rr atio
of sNHAOHcoigfiging:and DI water is about 1:4:20. 8. A nethod for cleaning a
sem conductor wafer as recited in claim1, further 5 conprising: scrubbing
the Iow K di eFerbhingthedgwiK dislasgia lprerpsingibabiusle whilp pyoirige deiosived €aD( DI )
water af (gL E'Pr\éhfagintghnﬁe &Eﬁiﬁg?&'c{u%?mﬁ"ﬁé a%g E&;eduaess,.k'_ ng residues. 9. A

met hod for cleaning a“sem con Letor” da er, co%prl SI'fig: 10 plasma etching a
feature into a low K dielectric layer, the plasma etching generating etch

residues in and arqund thgg{sfature; subj ecting the sem conductor wafer to
an ashi ng operati oft mfthed HEngFeeaisuctgb alehtSORPIENEi ng resi dues: and

10 plasma etching a feature into a low K dielectric layer, the plasma etching
generating etch residues in and around the feature; |
subjecting the semiconductor wafer to an ashing operation, the ashing operation
generating ashing residues; and
scrubbing the low K dielectric layer having the plasma etched feature, using a
15 mixture fluid including a cleaning chemistry and a wetting agent, the wetting agent being
configured to condition the low K dielectric layer to facilitate cleaning of the etch residues

and the ashing residues with the cleaning chemistry.

10. A method for cleaning a semiconductor wafer as recited in claim 9, further
20 comprising:
scrubbing the low K dielectric layer using the brush while applying deionized (DI)

water after removing the etching residues and the ashing residues.

11. A method for cleaning a semiconductor wafer as recited in claim 9, wherein
25 the wetting agent is a surfactant and the cleaning chemistry includes a combination of

NH4OH, 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

30 hydrocarbon surfactants.




scrubbing the low K dielectric |ayer having the plasma etched fa@@uggm 2005
using a is mxture fluid including a cleaning chem stry and a wetting
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. 10. A nethod for cleaning a
seni conductor wafer as recited in claiti9, further 20 conpri si ng:
scrubbing the low K dielectric layer using the brush while applying

dei oni zed (D wat,er after renoving the etching residues and the ashing
resi dues. 11. )1725\ ne%ﬁtﬁ?%forc?ﬁe@ﬁmgﬁggﬂll%%@%}%@f 8% TSRMT ]tnci%mr]éei ted in
claim 9, whBRieIhe sudictif Bay\@EéldRBrAGA etk Sendboii (.665 ftberR BY welkht £ £R0L NI
chemi stry includes a conbination of NHAOH, H202, and deionized (D) water.
12. A neéﬂdlfﬂfemblc}”é&ﬁt-ng a sem conductor wafer as recited in claim 11,
wherein the surfactant is selected froma group conprising fluorinated
surfactants and 30 hydrocarbon surfactants. 0 6 JUN 2006 -16 13. A nethod

fors cl eani ng a4seniscaatiog farclesaingra Rmica@uéBHwhr 64 Riclrdih claihigr ei n the
surfactant has a cancentration between about 0.005 percent by weight to

about  OVheysuy e surfpsanibag s concsntrapionof aberd 0 ¥ parcent &xmeighta seni conduct or
wafer as recited in claim1ll, wherein the surfactant has a concentration
of about 0.01 percent by weight. 15. A nethod for cleaning a sem conduct or
waf er as reci ied i A methodnfdkl]leanitper enmicdndactopwhfenas teolied @tdlfmor1, NHAOH,
H202, and. Dl .water | s hetween t 1:4:10 and to, about 1;4:30. 16. A

met hod f kit icﬂ’&lbglagg%f%rﬂfmflw%&r angl D} water iserwieca ahpwh 114:10 agdher ei n
t hg conbppakiiyngati o of NHAOH, H202, and DI water is about 1:4:20. is 17.
A nmethod for cleaning a sem conductor wafer, conprising: plasma etching a
feature into a low K dielectric layer, the plasma etching

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

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

15 17. A method for cleaning a semiconductor wafer, comprising;
plasma etching a feature into a low K dielectric layer, the plasma etching
generating etch residues in and around the feature;
subjecting the semiconductor wafer to an ashing operation, the ashing operation
generating ashing residues;

20 scrubbing the low K dielectric layer having the plasma etched feature, using a
mixture fluid including a cleaning chemistry and a wetting agent, the wetting agent being
configured to condition the low K dielectric layer to facilitate cleaning of the etch residues
and the ashing residues with the cleaning chemistry; and

scrubbing the low K dielectric layer having the plasma etched feature, using the brush

25 while applying deionized (DI) water after removing the etching residues and the ashing
residues.
18. A method for cleaning a semiconductor wafer as recited in claim 17,

wherein the wetting agent is a surfactant and the cleaning chemistry includes a

30 combination of NH4OH, H,0,, and deionized (DI) water.




generating etch residues in and around the feature; subjecting th8 § juUy 7803
sem conduct or wafer to an ashing operation, the ashing operation

generating ashing residues; 20 scrubbing the |low K dielectric |ayer having
the plasma etched feature, using a mxture fluid including a cleaning

chem stry and a wetting agent, the wetting agent being configured to
condition the low K dielectric |ayer td facilitate cleani ng of the etch
residues and the ashing residues with the cleaning chem stry; and

bbi th diglectric | havi t he pl asnma etched feature,
Eglrﬁg Itﬂg brﬁgh'owzg%t?‘f’g%g%‘%ﬁa e%g}l‘gq\ﬁdggtﬂrfvﬁe?a%\%?’é?f’é‘fcﬁaé?l1rerr_Dvi ng the
etching kesicihes samstihtes &3dbditroh aPrsFSmpting MR AR shi¥ictslieani ng a

sem conductor wafer as recited in claim1l7, wherein the wetting agent is a
sur f act ahydiaparbetheurfictaatsi ng chenistry includes a 30 combi nati on of NHACH,
H202, and deionized (D) water. O 6 JUN 2366 -17 19. A nethod for cleaning
a sem conductor wafer as recited in claim17, wherein the surfactant is

selsect ed frome. gr eURethoMBsr cidanthgld deafiédrduedr GHfet a6 taNédindMIm 18y dr ocar bon
surfactants. ;s _20. A nethod for cleaning a sem conductor wafer as recited

in cl ai mwhgrein (hesrepgianthas 3 gencsairatinn heixeen abonc®PRY pareas b steight i disutit
0. 005 pe j to about 0.1 percent by weight. 21. A nethod for
cl eani ngbg%sggﬁc?%% S%t@%r wafer as recited in claim18, to wherein the
surfactant has a concentration of about 0.01 percent by weight. 22. A

net hod for cleaning a seniconductor wafer. as recited in claim18, wherein
t he combi nati gg r af} BeGp mmlqgm}nlmugp;mfe@ﬁs r%}t%mé@w Weout 1:4:10
ang aboWhePeiﬁ}éguréﬂéa&%as A\ IRIBRsinSr BbRAN NBerfert B wrAgIdUCt OF waf er as

recited in claiml1l8,

22. A method for cleaning a semiconductor wafer as recited in claim 18,
wherein the combination ratio of NII;OH, H,0,, and DI water is between about 1:4:10 and
about 1:4:30.
15
23. A method for cleaning a semiconductor wafer as recited in claim 18,

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

24. A method for cleaning a semiconductor wafer, comprising:
20 plasma etching a feature into a low K diclectric layer, the plasma etching
generating etch residues in and around the feature;
subjecting the semiconductor wafer to an ashing operation, the ashing operation
generating ashing residues;
scrubbing the low K dielectric layer having the plasma etched feature, using a
25 mixture fluid including a cleaning chemistry and a wetting agent, the wetting agent being
configured to condition the low K dielectric layer to facilitate cleaning of the etch residues
and the ashing residues with the cleaning chemistry, the wetting agent being a surfactant
and the cleaning chemistry being a standard clean-1 (SC-1) solution including a
combination of NH4OH, H,0,, and deionized (DI) water, the surfactant having a
30 concentration between about 0.005 percent by weight to about 0.1 percent by weight,
combination ratio of NH;OH, H;0,, and DI water being between about 1:4:10 and about
1:4:30; and




wherein the conbination ratio of NHAOH, H202, and DI water is ab@uy {788k
24. A method for cleaning a sem conductor wafer, conprising: 20 plasma
etching a feature into a low K dielectric layer, the plasma etching
generating etch residues in and around the feature; subjecting the

sem conductor wafer to an ashing operaﬁ%on, t he ashi ng operation

generating ashing residues; scrubbing the low K dielectric |ayer having the
pl asma etched feature, using a 25 mxture fluid including a cleaning

chem stry and 3t 11 he _wettin nt_bej configured to
condi tion the T'6w lﬁé ergf)‘g%?%e%ecirécylgyerthgwfn éﬁﬁgﬁf’ﬂf‘%etﬁﬂ%aﬁﬁ%’ SPUEHE et ch

r esi dues brizhavHilkepplsrigiidresdddDEswidet Aftdritemetiaa tengeliherdsklueyandithe wetting
agent being a surfactant and the cleaning chem stry being a standard

clean-1 @8Er2iesis¥esiti on i ncl udi ng a conbination of NHAOH, H202, and

deioni zed (D) water, the surfactant having a 30 concentration between
about 0.005 percent by weight to about 0.1 percent by weight, conbination
ratio of NHAOH, H202, and DI water being between about 1:4:10 and about
1:4:30; and -18 scrubbing the low K dielectric |layer having the plasna
etched feature, using the brush while applying deionized (D) water after
removi ng the etching residues and the ashing residues.




