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WAFER AFTER CHEM CAL MECHANI CAL PCLI SHI NG OR PLASMA PRCCE B ND
OF THE INVENTION 1. Field of the Invention The present invention relates to
sem conduct or wafer cleaning and, nore 10 particularly, to techniques for
nore safely applying a rinsing liquid to the surface of a sem conduct or
wafer after a fabrication operation. 2. Pescription of the Related Art In

t he sem conductor chip fabrication process, it is well-known that there is
a need 15 to clean the surface of the wafer after fabrication operations
that | eave unwant ed residues or organic contam nants on the surface of the
\(Naf er. Exanpl pﬂam()&r]])J%NIkaﬁSTE)M UW%DE?MN(D{&SWIAMERJMT{EHMI?&GM?Q )
e.g., tungsten etc ac VEEB) ) and chem ca C i i shing (CWP).

If Teft on the surfMEL %IV\%QHSHBNGSQBSP%@WB%%@H@ oper at i ons,
unwanted 20 residual material and organi c contam nants nay cause

i nappropriate interactions between netallization features. In sone cases,
such defgects may cause devices on the wafer to becone inoperable. In order
to avoi d the undue costs of .dj r di ng W Lng..noperabl e devices, it
is necessary to clean the #4 ek — eht |y after
fabrication operations that | eave unwanted resi due and contam nants on the
surface of the 25 wafer. Figure 1 shows a high-level schematic diagram of a
waf er cl eadi Kield pf theninSentiokhe cl eani ng system 50 typically includes a | oad

tation 10 wh lurality of waf in a tte 14 be | d f
ol saning. ¢ hr oughhe hEeSe WA SRR RaFuICORIRTY OBl e HOMPE ¥He TORd
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30 brush box one 16a, where the wafer | rubbe sel ect ed
cheni cal s agmicamdugtor wafer after a fabrication operation.

2. Description of the Related Art
In the semiconductor chip fabrication process, it is well-known that there is a need
15 to clean the surface of the wafer after fabrication operations that leave unwanted residues
or organic contaminants on the surface of the wafer. Examples of such fabrication
operations include plasma etching (e.g., tungsten etch back (WEB)) and chemical
mechanical polishing (CMP).
If left on the surface of the wafer for subsequent fabrication operations, unwanted
20 residual material and organic contaminants may cause inappropriate interactions between
metallization features. In some cases, such defects may cause devices on the wafer to
become inoperable. In order to avoid the undue costs of discarding wafers having
inoperable devices, it is necessary to clean the wafer adequately yet efficiently after
fabrication operations that leave unwanted residue and contaminants on the surface of the
25 wafer.
Figure 1 shows a high-level schematic diagram of a wafer cleaning system 50. The
cleaning system 50 typically includes a load station 10 where a plurality of wafers in a
cassette 14 may be inserted for cleaning through the system. Once the wafers are inserted
into the load station 10, a wafer 12 may be taken from the cassette 14 and moved into a

30 brush box one 16a, where the wafer 12 is scrubbed with selected chemicals and water



24 Decenber 2003 2 (e.g., DI water). The wafer 12 is then,pnved to rush
box two 16b. After the wafer has been scrubbed in the brué 68%*?@@? t he
wafer is noved into a spin, rinse, and dry (SRD) station 20 where deionized
water is sprayed onto the surface of the wafer while the wafer is spun at a
speed of between about 100 and 400 revol utions per mnute, and then is spun
5to dry. After the wafer has been plac t hrough the SRD station 20, the
wafer is noved to an unload station 22. By way of exanple, when the wafer

12 enters the eani.ng.system.b50,. the fer 12.enter e t and
may be spr &y&dﬁt\ﬁ’ﬁ%\g‘{ rwmrnglsiﬂ?fntlﬁ‘é‘%%a{g§§)ﬂ3«ﬁ’|°ﬁ%g§&§9‘ ﬁo%\?\g}%"% eelll%is
surface. AL&rBabbYEInYhe bARH WBL& 165 &l WaesRmaved ib bhipitgtiate, and the(SR)er 12
enters 10 brush box one 16a or brush box two 16b. Unfortunat el i uch
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12 after the B operation. Although the spraying operation may saturate 15
the entireasuplpaddaéin afer 12, the initial droplets that are applied to

the wafer surfagg Wy de REHER5Ghd e GAIA2IARIAL Bloahifly 006N BOI e Afera

st ai ned surface por non-stai'ned surface. rnore, In
addi ti on t entéisahdeassdtieel 4 achnaybesehyedpyidy wagr waileiin theycassatts én order to wet
m cro-scratches on the surface of the fer. Unwapted st
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destroy the operability devices on the wafer. vwafer with stain$ or
M cr o- scr abpérasonsy the appligation f water dérsis 4o e aion-whifeim wi (hat portipnsaelethy veadier

substantial cost to the overall fabyrication proces Unfortupat el e
stai ns or Hi%r‘%‘%‘@r@? éP\%hélaB‘i_’P? _@atghﬂ;effﬁr@é)t@eéngtmnﬁy%yﬁﬂﬂgﬁonﬁgpﬁgr%%%[cfhign
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unwant ed chethcwhfer ddaber the WEBepcsatiohaddthoyghthersprayingepsration May patyge an
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necessarily add significant costs to the construction of,
surface. Furthermore, in addition to stains, the technique of spraying water may cause
micro-scratches on the surface of the wafer.
Unwanted stains or micro-scratches on the wafer surface may cause, among other

20 things, inappropriate reactions between metallization features. These reactions may
destroy the operability of devices on the wafer. A wafer with stains or micro-scratches
typically must be discarded, which will ultimately add substantial cost to the overall
fabrication process. Unfortunately, the stains or micro-scratches on the surface generally
cannot be removed in subsequent cleaning or fabrication operations.

25 In order to avoid formation of unwanted stains and micro-scratches or introduce
other unwanted chemicals onto the wafer surface, some manufacturers will use an
additional step by processing the wafer through an SRD station before sending the wafer
to the scrubber of brush box one 16a. However, this SRD station will have to be an

application specific unit, which will necessarily add significant costs to the construction of

30 acleaning system 50. Not only does this add significant costs to the station, standard SRD



30 a cleaning system50. Not only does this add significant costs to the
station, standard SRD 24 Decenber 2003 3 stations are nétDaegmbesdf93 gur ed
to performthe pre-cleaning of the wafer surface. The reason standard SRD
stations are not well configured is because an SRD station applies a
non-control |l ed spray of water or chem cals over the wafer surface while the
wafer is rotated at high speeds. Thus, the incorporation of this additional
application specific SRD 5 station will,3in nost cases, still cause

m cro-scratching and stains. In view of the foregoin there is.a neﬁld for
a cl eani ngstpiiensearg noh el genfigered i psHemR difsPErClg E‘gp‘g' e wafer giytace. The
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mani f ol d apgyatied 835k aRNKII6Z&aRkhesTNe NOzzl e is connected to the fluid
mani fold by a flexible conduit. The nozzle is configured to spray a liquid

onto the surface of the waf &UMMARYAQFK WY and at a fan angl e.
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the wafer in a quiescent manner. ) ) ) .
should be appreciated that the present invention can be implemented in numerous ways,

e

including as a process, an apparatus, a system, a device or a method. Several inventive
embodiments of the present invention are described below.

15 In one embodiment, a system is provided for cleaning a surface of a wafer
following a fabrication operation. The system comprises a brush box, which includes a
fluid manifold and at least one nozzle. The nozzle is connected to the fluid manifold by a
flexible conduit. The nozzle is configured to spray a liquid onto the surface of the wafer at
an application angle and at a fan angle. The application angle is defined between a plane

20 of the surface of the wafer and a spraying plane of the liquid. The fan angle and the
application angle are configured such that the spraying liquid covers the surface of the
wafer in a quiescent manner.

In another embodiment, a method is provided for cleaning a surface of a wafer
following a fabrication operation. The method comprises transferring the wafer into a

25 cleaning unit and spraying a fan of liquid onto the surface of the wafer as the wafer is
being transferred into the cleaning unit. The fan of liquid is applied at an application
angle. The application angle is defined between a plane of the surface of the wafer and a
plane of the fan of liquid. The fan of liquid is adjusted to be sprayed onto the surface of
the wafer at a fan angle. The fan angle and the application are configured such that the

30 spraying liquid covers the surface of the wafer in a quiescent manner.



I n anot her enbodi nent, a nmethod is provided for cleaning ? urface &ga
wafer follow ng a fabrication operation. The nethod corrpr'% SCIMbER & ring
the wafer into a 25 cleaning unit and spraying a fan of liquid onto the
surface of the wafer as the wafer is being transferred into the cleaning
unit. The fan of liquid is applied at an application angle. The application
angle is defined between a plane of the ‘gurface of the wafer and a pl ane of
the fan of liquid. The fan of liquid is adjusted to be sprayed onto the
surface of the wafer at a fan.angle. The fan. angl e and the.(zéadoligeati | are
confi gured suchlt KehtanoHsr $mbe brig Ve e&ﬁpﬁy@&/ag)lpgr Yes AFFEce tHe waf er
In a qui esaﬁﬁﬁngﬂ ftus cordfrisof & HMUBH1020P deifvetifig ¥ FowabXTlidued, acHdRaslé BBt a
waf er sprayi ng apparatus is provided. The wafer spraying apparatus
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is configured to spray a fan of the flow of liquid onto the surface of the
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Sy

gui escen trrcal application technique. As a result, where a wafer
has under gone aAfdeintigeatslonthe pessetiioventivh erevides inethdds qud dystérh$ fonapplyinger go
unwant ed reactions vm"térﬁ]crﬁes' dual _.chem cal s on. the wafer surf.a
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i nvention ?ééﬁﬁl\sz\lla 1t ARl ¥sIE et 4 BRDUWADBhdQRbordd £ Brisfloal dpefsioh Nk apRiedbe
formed on the er surface during cleaning operations. The net hods of the

present i nligquidiveil mot enpergo vowhated yeaotorst with sdsidunl gheaticald ai the wafehburéicand
post - cl eani.ng operation ereby the fers are sprayed using the

Bor ayi nip agbardnds BerBhan Bl ARErAe R D6 bonThEs B BLRR Detu
addi tion t QuiiAligR} irfhck tREMUMbERLE icidfschdi@ied Shandayiber rfiéd ohCcheSvaféhe
sprayi ng techni que of the present invention is also suitable for chang,l ng a
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20 In addition to protecting from formation of stains and micro-scratches, the spraying
technique of the present invention is also suitable for changing a hydrophobic wafer
surface into a hydrophilic wafer surface, if desired. Also, the spraying technique
eliminates additional application specific mandatory spin, rinse, and dry (SRD) steps prior
to brush cleaning in a brush box. Other advantages include improved overall post-CMP
25 and post-WEB clean process flow throughput. Ultimately, the methods and systems
disclosed herein will substantially reduce undue costs in the overall fabrication process
because the number of damaged wafers that must be discarded will be substantially

reduced.



25 and post-WEB cl ean process flow throughput. Utimately, the net hods and
systens disclosed herein will substantially reduce undue %9@%311?

overall fabrication process because the nunber of damaged wafers that nmust
be discarded will be substantially reduced. 24 Decenber 2003 5 Ot her
aspects and advantages of the present invention will becone apparent from
the followi ng detail ed description, taken in conjunction with the
acconpanyi ng drawi ngs, illustrating by way of exanple the principles of the
present i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS % The present

invention will ©é&er éﬁ&ﬁﬁswﬂdﬁd&?@ftgﬁé@fﬁiﬁ RIRSST HIVERHGMYL Hgﬁcﬁmeé?tﬁpﬁfégtcﬁr?lﬁt i on

descr i pti offe IPIking iR ERFRAGY | s DO DANon WL BE bbby ol Favings
Figure 1 slinsgatingtbyohay efeslampichtberptinaplds efghepreséntanveafier. cl eani ng system
BRIEF DESCRIPTION OF THE DRAWINGS
5 The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this description,
like reference numerals designate like structural elements.

Figure 1 shows a high-level schematic diagram of a wafer cleaning system.

Figure 2A shows a system of cleaning a wafer using a spraying apparatus, where a

10 wafer has not yet passed under the spraying apparatus, in accordance with one
embodiment of the present invention.

Figure 2B shows the cleaning system of Figure 2A, where the wafer is passing
under the spraying apparatus, in accordance with one embodiment of the present
invention.

15 Figure 2C shows the cleaning system of Figure 2A, where the wafer is passing
under the spraying apparatus and beginning to pass over the cleaning brush, in accordance
with one embodiment of the present invention.

Figure 2D shows the cleaning system of Figure 2A, where the wafer has passed
under the spraying apparatus, is sitting on top of the cleaning brush, and is abutting the

20 wafer rollers, in accordance with one embodiment of the present invention.

Figure 3 shows a three dimensional view of the cleaning system of Figure 2, where
the wafer is passing under the spraying apparatus and beginning to pass over the cleaning
brush, in accordance with one embodiment of the present invention.

Figure 4 shows in more detail the spraying apparatus of Figures 2 and 3.

25 Figure 5 shows a flow chart for a wafer cleaning method, according to one

embodiment of the present invention.



Figure 2A shows a system of cleaning a wafer using a spraying appar.atus,
where a 10 wafer has not yet passed under the spraying apéﬁpggqggberﬂgw
accordance with one enbodi nent of the present invention. Figure 2B shows
the cl eaning systemof Figure 2A, where the wafer is passing under the
sprayi ng apparatus, in accordance with one enbodi nent of the present

I nvention. 15 Figure 2C shows the cl eanlélg system of Figure 2A, where the
waf er is passing under the sprayl ng app atus and begi nning to pass over

t he cl eaning br ush { Mﬁwmnt

i nvention. Fi gu2EIZ - t he
waf er has passeﬂn“&%ﬁu&g%ﬁ%éﬂdd@gmﬁpg?&t%y%r's%fe?y tdidanche0n ERacef oft lae
cl eani ng brush utting the 20 wafer rollers, in accordance with

one enbodi semicomfucton waﬁaraﬁtenchennm micchanicaf polishingd CMB)eg I&aSMrLE@CCGSIHE #Si onal

f th | f Fi 2. wh he d
Uhe. spr ayi fisoapinr BABE o Rtk g uE S el i R Bl s 85
accordarscepwvi& NBoRNBR Aid¥BAtanaingt HE tRY PRSHH! 1nwminl ont “Engw %néer§tb@&y5 in

more detail the spraying apparatus of Figures 2 and 3
however, to one skilled In the art, that the present invention may be practiced without

some or all of these specific details. In other instances, well known process operations
have not been described in detail in order not to unnecessarily obscure the present
invention.

10 Figure 2A shows a system of cleaning a wafer using a spraying apparatus 205,
where a wafer has not yet passed under the spraying apparatus 205, in accordance with
one embodiment of the present invention. Before the wafer enters the brush box 200, the
wafer may undergo a number of different fabrication operations, such as chemical
mechanical polishing (CMP) or plasma etching (e.g., tungsten etch back). It is important

15 to properly prepare the surface of the wafer before the wafer reaches the wafer rollers 210
and is scrubbed with a cleaning brush 206. Unwanted materials or organic contaminants
that may be left of the surface of the wafer during the aforementioned fabrication
operations may cause damage to the wafer as the wafer undergoes further cleaning
operations.

20 In addition to removing unwanted residues or organic contaminants, it may be
desirable to convert the wafer surface 202a from being hydrophobic to being hydrophilic.
Converting the surface characteristic of the wafer to hydrophilic allows, among other
things, subsequent application of water without causing beading and permanent stains on
the wafer surface 202a. The following discussion of Figure 2 provides techniques for

25 efficiently preparing the surface of the wafer after fabrication operations and before
further wafer cleaning operations.

The wafer 202 begins to enter the brush box 200 and moves in a transfer direction
207 towards the cleaning brush 206. Near the entrance of the brush box 200, the spraying
apparatus 205 is positioned above the wafer 202. Generally, the spraying apparatus 205 is

30 intended to provide a spray of liquid 212 onto the wafer surface 202a. The spraying



25 Figure 5 shows a flow chart for a wafer cleaning nethod, accordi to
one enbodi nent of the present invention. 24 Decenber ZO%DBC@@FAPE

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An invention for nethods and
systens for safely cleaning a surface of a sem conductor wafer after

chem cal nechanical polishing (CW) or plasnma processing are disclosed. In
the foll ow ng description, nunerous specjfic details are set forth in order
to 5 provide a thorough understanding of’ the present invention. It will be
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in order not to un essarily obscure the present invention. 10 Figure 2A
shows a systeelmnidal sirectwiery the wpraging ppargtua 20p risipravidedhedovatwith rdgencghier e a
waf er has E%&%l‘ﬁ:a passed under the spraying apparatus 20S, in accordance

with one e nt of the present invention. Before the wafer enters the

brush bax 200, Th@sﬁiﬁ%ﬁbzdm}épmchelﬁ(ﬁﬁd a1PuABeRe Rhfedbirtae 20Ra hathe vedin 200
operations, such as chem cal nechani cal polishing %WCN% or plasma etching
(e.g., tungssenunserhelspeying appaiatisi2Apin theritansir diseqhion 7871 hp tiapifeieraterf
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af orementioned fabrication operations nmay cause damage to,thg wgfer ﬁs t he
waf er undeplging reference Pac | Thmngly sasinmegieraace Grois nefatablv dligned & PeRptidg

unvant e 1 63 qHE Fu R mPLiAE 264 CTHL MH eﬂ@ﬂ:t Fis ﬂrEfe%Yy B&ween about 10 degrees and

about 120 degrees, and most preferably about 60 degrees.

The nozzles 208 are preferably aligned such that the liquid 212 exits the nozzles
208 and saturates the wafer surface 202a in a quiescent and symmetrical manner.
“Quiescent” means that the liquid 212 is sprayed onto the wafer surface 202a calmly and

15 with substantially no splashing. The substantially no splashing is achieved by ensuring
that the flow rate of the spray coming from the nozzles is not too high. Preferably, the
combined flow rate for both nozzles 208 should be controlled to not be more than about
775 ml/minute * 20 ml/minute. “Symmetrical” means that the angle starting references 0a
are substantially the same for the nozzles 208, and the fan angles 6 are substantially the

20 same for the nozzles. Figure 2A shows a preferred embodiment with the fluid manifold
204 having two nozzles 208. In alternative embodiments, however, more or fewer nozzles
208 may be positioned on the fluid manifold 204, preferably as long as the nozzles 208are
positioned to spray liquid 212 onto the wafer surface 202a in a symmetrical and quiescent
manner.

25 The selection of the chemical composition of the liquid 212 depends on a number
of factors, including preceding fabrication operations, the unwanted materials on the wafer
surface 202a, and the desired effect of the spraying liquid 212, For example, where a
CMP operation has been performed on the wafer surface, a suitable chemical composition

of the liquid may be deionized water. Deionized water is particularly suited for removing



desirable to convert the wafer surface 202a from bei ng hydrophohi c bei ng
hydrophilic. Converting the surface characteristic of thegglvgﬁ%ermbl?eézb&’
hydrophilic allows, anong other things, subsequent application of water

wi t hout causi ng beadi ng and permanent stains on the wafer surface 202a. The
foll ow ng discussion of Figure 2 provides techniques for 25 efficiently
preparing the surface of the wafer after_fabrication operations and before
further wafer cleaning operations. The vafer 202 begins to enter the brush

box 200 and mpves in transfer .direction 207.to0 ds. th eani ng brush

206, “Near  EHETHEY SHELSRAT AR B e e S T A TBGRPAAE 503 | s
positioned ne VeEB tfgneral ly, the spraying apparatus 20S is 30
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5 The spray nozzles spray a liquid 212 onto the wafer surface 202a t he
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starting r %L%;gglﬁse ar%a pni:fsera%{yelisgé afgrl (}iea%li]iggep sei 1c¢§nosu?teacg g{tearlal SMP operation. Still
10  another liquid is a “perania” solution, which consists of H;SOq4, H2O2, and DI water. A
perania solution is preferably used to remove organic contaminants and to clean a silicon

surface.

Figure 2B shows the cleaning system of Figure 2A, where the wafer 202 is passing
under the spraying apparatus 205, in accordance with one embodiment of the present

15 invention. The wafer 202 is moved in the transfer direction 207 across the brush box 200.
The wafer 202 is sprayed by the liquid 212 as the wafer is beginning to pass under the
spraying apparatus 205. It should be noted that the actual separation of the nozzles 208
and the fan angle 0 can be varied. Variations are sometimes needed to fully cover the
surface of a wafer 202, especially when different size wafers are used, such as, 6 inch

20 wafers, 8 inch wafers, etc.

Figure 2C shows the cleaning system of Figure 2A, where the wafer 202 is passing
under the spraying apparatus 205 and beginning to pass over the cleaning brush 206, in
accordance with one embodiment of the present invention. The wafer 202 is moved in the
transfer direction 207 across the brush box 200. The wafer 202 is still being sprayed by

25 the liquid 212 as the wafer has substantially passed under the spraying apparatus 205.

Figure 2Dshows the cleaning system of Figure 2A, where the wafer 202 has passed
under the spraying apparatus 205, is sitting on top of the cleaning brush 206, and is
abutting the watfer rollers 210, in accordance with one embodiment of the present
invention. At this point, the liquid spraying operation of the spraying apparatus 205 is

30 substantially complete. Using the fluid application technique of Figure 2, the wafer is
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wafer 202. Other embodiments of the present invention may involve more cleaning
brushes 206, for example, one for scrubbing the top surface and one for scrubbing the
bottom surface of the wafer 202. The top brush is not shown hercin to facilitate
illustration.

Regarding the characteristics of the cleaning brush 206, the brush box 200
preferably includes a set of PVA brushes that are very soft and porous. The brushes are
thereby capable of scrubbing the wafer without damaging the wafer’s delicate surface.
Because the brushes are porous, they are also able to function as a conduit for fluids that
are to be applied to the wafer surface during cleaning. These cleaning operations typically
implement chemicals as well as deionized (DI) water. For more information on wafer
cleaning systems and techniques, reference may be made to commonly owned U.S. patent
application numbers: (1) 08/792,093, filed January 31, 1997, entitled “Method And
Apparatus For Cleaning Of Semiconductor Substrates Using Standard Clean 1 (SC1),” and
(2) 08/542,531, filed October 13, 1995, entitled “Method and Apparatus for Chemical
Delivery Through the Brush.” Both U.S. patent applications are hereby incorporated by
reference.

Figure 3 shows a three dimensional view of the cleaning system of Figure 2, where
the wafer 202 is passing under the spraying apparatus 205 and beginning to pass over the
cleaning brush 206, in accordance with one embodiment of the present invention. Note
that the position and the transfer direction 207 of the wafer 202 are the same as those
discussed above with reference to Figure 2C. Here, Figure 3 is showing a different
viewing angle in order to further illustrate the mechanical features of the spraying
apparatus 205, which includes the fluid manifold 204, flexible conduits 304, and nozzles
208.

Two flexible conduits 304 extend substantially vertically downward from the

bottom portion of the fluid manifold 204. The distal end of each flexible conduit 304 is



208 may be positioned on the fluid manifold 204, preferably as long as the
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in a symretrical and qui escent manner. 25 The sel ection of the chem cal
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capr cAl #10%maying dpparatt0P@ {nchwednodagt) the B0 marsfold 204, a nozzle 208, and a
flexible conduit 304. The flexible conduit 304 includes links 304a that provide flexibility
to the flexible conduit 304. Such flexibility allows for controlled adjustments in the
positioning of the nozzle 208 with respect to the wafer surface 202a. Once an adjustment

10 is made to the flexible conduit 304, the links 304a will hold the set position until adjusted
again in later use.

The position of the nozzle is defined by at least two parameters, the nozzle height
402 and the application angle ¢. The nozzle height 402 is the distance between the surface
of the wafer and the location where the liquid 212 exits from the nozzle 208. The

16 application angle ¢ is the angle formed between the wafer surface and a fan of liquid 212
spraying from the nozzle 208. The nozzle height 402 may be adjusted by removing or
adding links 304a to the flexible conduit 304. The nozzle height 402 may also be adjusted
by flexing the flexible conduit 304 to a desired flexed position. The application angle ¢
may be adjusted by flexing the flexible conduit 304 to a desired flexed position.

20 The nozzle height 402 is preferably between about 5 mm and about 40 mm, and
most preferably about 20 mm. The application angle ¢ is preferably between about 2
degrees and about 80 degrees, and most preferably about 5 degrees. Regardless of the
selected positioning of the nozzle, however, the nozzle is positioned such that a fan of
liquid 212 may be sprayed onto the wafer surface 202a in a quiescent and symmetrical

25 manner.

Figure 5 shows a flow chart for a wafer cleaning method 500, according to one
embodiment of the present invention. The method starts in operation 502 where a
semiconductor wafer is loaded into a brush box. The method then moves to operation 504,
where the wafer surface 202a is sprayed with liquid in a quiescent and symmetrical

30 manner as the wafer is transferred into the brush box toward the cleaning brush and wafer
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rollers. A preferred embodiment for applying the liquid over the surface of the wafer is
discussed in more detail above with reference to Figures 2-4.
Next, the method moves the operation 506 where further cleaning operations are
performed on the wafer 202. The further cleaning operations may include, for example,
5 scrubbing the wafer surface with cleaning brushes. The method then moves to a decision
operation 508 where it is determined whether a next wafer is to be cleaned. If there is no
next wafer, then the method is done. On the other hand, if a next wafer is to be cleaned,
the method moves to operation 502, where a next wafer is loaded into the brush box. The
foregoing cycle continues until there is no next wafer in decision operation 508.

10 It is important to note that once the wafer is sprayed using the spraying technique
of the spraying apparatus, any subsequent contact with water or chemicals will no longer
cause the unwanted staining or damage discussed with reference to the prior art.

While this invention has been described in terms of several preferred
embodiments, it will be appreciated that those skilled in the art upon reading the preceding

15 specifications and studying the drawings will realize various alterations, additions,
permutations and equivalents thereof. It is therefore intended that the present invention
includes all such alterations, additions, permutations, and equivalents as fall within the
scope of the appended claims.

What is claimed is:
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1. A system for cleaning a surface of a wafer following a fabrication

operation, comptising:

a brush box (200), the brush box including:
5 at least one cleaning brush (206);

a fluid manifold (204) positioned over a wafer transfer path within the

brush box; and
a nozzle (208) connected to the fluid manifold by a flexible conduit (304),
the nozzle being configured to spray a liquid onto the surface of the wafer (202) at
10 an application angle (¢) of 2 degrees to 20 degrees, the application angle being
defined between a plane of the surface of the wafer and a spraying plane of the

liquid.

2. A system for cleaning a surface of a wafer following a fabrication operation

15 as recited in claim 1, wherein the nozzle (208) is further configured to spray the liquid
onto the surface of the wafer (202) at a fan angle (9), the fan angle and the application
angle being configured such that the spraying liquid covers the surface of the wafer in a

quiescent manner.

20 3. A system for cleaning a surface of a wafer following a fabrication operation
as recited in claim 2, wherein the nozzle (208) is positioned above the surface of the wafer

at a nozzle height (402), the nozzle height being adjustable by way of the flexible conduit.

4. A system for cleaning a surface of a wafer following fabrication operation
25 as recited in claim 2, wherein the application angle (¢) is adjustable by way of the flexible
conduit (304).

5. A system for cleaning a surface of a wafer following a fabrication operation

as recited in claim 4, wherein the application angle (¢) is adjusted to be 5 degrees.

30
6. A system for cleaning a surface of a wafer following a fabrication operation

as recited in claim 2, wherein the fan angie (8) is 10 degrees to 120 degrees.
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7. A system for cleaning a surface of a wafer following a fabrication operation

as recited in claim 3, wherein the nozzle height (402) is adjusted to 5 mm to 40 mm.

5 8. A system for cleaning a surface of a wafer following a fabrication operation
as recited in claim 2, wherein the nozzle is a first nozzle, the flexible conduit is a first
flexible conduit, the application angle is a first application angle, and the fan angle is a
first fan angle, and the system further comprises:

a second nozzle (208) connected to the fluid manifold (204) by a second flexible
10 conduit (304), the second nozzle being configured to spray the liquid onto the surface of
the wafer at a second application angle (¢), the second nozzle being further configured to

spray the liquid onto the surface of the wafer at a second fan angle (0).

9. A system for cleaning a surface of a wafer following a fabrication operation
15 as recited in claim 8, wherein a first angle starting reference (6a) of the first fan angle is
aligned with the fluid manifold, and a second angle starting reference (8a) of the second

fan angle is likewise aligned with the fluid manifold.

10. A system for cleaning a surface of a wafer following a fabrication operation
20 as recited in claim 9, wherein the sprayed liquid having the first fan angle () delivered by
the first nozzle (208) and the second fan angle (8) delivered by second nozzle (208)

overlaps to symmetrically spray the surface of the wafer.

11. A method for cleaning a surface of a wafer following a fabrication
25 operation comprising:
transferring the wafer (202) into a brush box (200) having at least one cleaning
brush (206);
spraying a fan of liquid onto the surface of the wafer as the wafer is being
transferred into the brush box, the fan of liquid being applied at an application angle (¢) of
30 2 degrees to 20 degrees, the application angle being defined between a plane of the surface

of the wafer and a plane of the fan of liquid.
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12. A method for cleaning a surface of a wafer following a fabrication

operation as recited in claim 11, wherein the application angle (¢) is 5 degrees.

13. A method for cleaning a surface of a wafer following a fabrication
§ operation as recited in claim 11, further comprising:
adjusting the fan of liquid to be sprayed onto the surface of the wafer (202) at a fan
angle (6); and
configuring the fan angle (8) and the application angle (¢) such that the spraying

liquid covers the surface of the wafer.

° 14. A method for cleaning a surface of a wafer following a fabrication
operation as recited in claim 13, wherein the fan angle (8) is adjusted to be 10 degrees to
120 degrees.

15 15. A method for cleaning a surface of a wafer following a fabrication
operation as recited in claim 11, wherein the liquid is a solution selected from the group
consisting of:

(a) deionized (DI) water;

(b) NH.,OH + H»0; + DI water; and

20 (c) H,S0O, + H,0O, + DI water.

16. A method for cleaning a surface of a wafer following a fabrication
operation as recited in claim 11, wherein the wafer (202) is being transferred at a transfer
rate of 5 mm/second to 10 mm/second.

25

17. A method for cleaning a surface of a wafer following a fabrication
operation as recited in claim 11, wherein the wafer (202) is being sprayed at a flow rate of
755 ml/minute to 795 ml/minute.

30 18. In a brush box for cleaning a wafer, a wafer spraying apparatus,

comprising:
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a manifold (204) for delivering a flow of liquid, the manifold being disposed over a
wafer transfer path within the brush box (200);
first and second flexible conduits (304) connected to the manifold;
a first nozzle (208) connected to a distal end of the first flexible conduit, the first
. 5 nozzle being positioned above a surface of a wafer at a nozzle height (402) of 5 mm to 20
mm; and
a second nozzle (208) connected to a distal end of the second flexible conduit, the
second nozzle being positioned above a surface of a wafer at a nozzle height (402) of 5
mm to 20 mm, wherein the first and second flexible conduits are configured to transport
10 the flow of liquid from the manifold to the first and second nozzles, respectively, each of
the first and second nozzles is configured to spray a fan of the flow of liquid onto the
surface of the wafer, each of the fans of the flow of liquid is applied at an application
angle (¢) of 2 degrees to 20 degrees, and the application angle is defined between a plane
of the fan of the flow of liquid and a surface of the wafer that is configured to receive the

15 flow of liquid from the nozzle.

19. A wafer spraying apparatus as recited in claim 18, wherein the application
angle (¢) for each of the fans of the flow of liquid is adjustable by way of the first and

second flexible conduits.

20
20. A wafer spraying apparatus as recited in claim 19, wherein the application

angle (¢) for each of the fans of the flow of liquid is 5 degrees.

21. A wafer spraying apparatus as recited in claim 18, wherein the fan angle (0)

25 is configured to be 10 degrees to 120 degrees.

22. A wafer spraying apparatus as recited in claim 18, wherein each of the first
and second nozzles (208) is further configured to spray the fans of the flow of liquid onto

the surface of the wafer with substantially no splashing.



