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1.‘ Field of the Invention

The present invention relates to semiconductor wafer cleaning and, more
particularly, to techniques for applying fluids over a cleaning brush and improving wafer

cleaning throughput and efficiency.
15 2. Description of the Related Art

In the semiconductor chip fabrication process, it is well-known that there is a need
to clean a wafer where a fabrication operation has been performed that leaves unwanted
residuals on the surface of the wafer. Examples of such a fabrication operation include
plasma etching (e.g., tungsten etch back (WEB)) and chemical mechanical polishing

20 (CMP). If left on the surface of the wafer for subsequent fabrication operations, the
unwanted residual material and particles may cause, among other things, defects such as
scratches on the wafer surface and 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

25 devices, it is therefore necessary to clean the wafer adequately yet efficiently after

fabrication operations that leave unwanted residue on the surface of the wafer.

Figure 1A 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

30 into the load station 10, a wafer 12 may be taken from the cassette 14 and moved into a



30 into the |load station 10, a wafer 12 may be taken fromthe cassette 14
and noved into a WO 01/72430 PCT/ US01/09823 -2 brush station one 16a,
where t havoaf/ex3d2 is scrubbed with sel ected cheni cal s anBECwasero9si3e. g. ,
de-ionized (D) water). The wafer 12 is then noved to a brush station two
16b. After the wafer has been scrubbed in brush station 16, the wafer is
noved into a spin, rinse, and dry (SRR} station 20 where DI water is
sprayed onto the surface of the wafer 5 and spun to dry. During the rinsing
operation in the SRD station, the wafer rotates at about 100 rotations per
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cross sectional view of the elements depicted in Figure 1B.
bottom surface of the wafer 12 are scrubbed with the brushes 30, the top surface 12a that is
scrubbed with the top brush 30a is the primary surface targeted for cleaning, since the top
surface 12a is where the integrated circuit devices are being fabricated. To more
effectively clean the wafer 12, a cleaning solution can be applied onto the top brush 30a by
the use of a drip manifold 13a. In this example, the drip manifold 13a is attached to a drip
20  control 13 which is in turn connected to a fluid source 24. The fluid source 24 pumps
fluid (e.g., any cleaning chemical or DI water) through the fluid control 13 which controls
the amount of fluid entering the drip manifold 13a. After receiving the fluid from the fluid
control 13, the drip manifold 13a then expels a non-uniform drip 32 onto the top brush
30a. As will be discussed below, this non-uniform drip 32 has been observed to cause

25  problems in cleaning operations.

Figure 1C shows a cross sectional view of the elements depicted in Figure 1B.
When the wafer 12 has been placed on the bottom brush 30b, the top brush 30a is lowered
onto the wafer 12. As the top brush 30a is lowered onto the wafer 12, drip control 13
starts the flow of fluid to the drip manifold 13a which releases the non-uniform drip onto



When the wafer 12 has been placed on the bottom brush 30b, the top brush
30a is lowered onto the wafer 12. As the top brush 30a is |owered onto the
waf er 12 wapi/p4sontrol 13 starts the flow of fluid to thecous@/aysesi fol d
13a which rel eases the non-uniformdrip onto WO 01/72430 PCT/US01/ 09823 -3
the top brush 30a. During this tinme, both the bottom brush 30a and 30b turn
to create the nechanical scrubbing actli-on. Figure 1D shows a nore detail ed
side view of the wafer cleaning structure depicted in Figure 1B. In
general, it is a goal to have the fluid provided to the drip manifold 13a
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fluid. Even after the optimal ow rate has been found, the drip manifold
may 15  slightly at a manifold angle @ 42 to allow more fluid to reach the far end 31b. The

manifold angle 42 is determined by finding the optimal angle of the drip manifold 13a

which produces the equivalent amount of drip from both the near end 31a and the far end

31b. This manifold angle 42 is measured relative to a y-axis 40a and an x-axis 40b. As

the drip manifold 13a expels the far end drops 32a and near end drops 32b onto the top
20 'brush 30a, the brushes 30 turn to scrub the wafer 12.

Unfortunately, calibrating the drip manifold 13a to produce the right amount of

fluid flow can be a very time consuming and a difficult process. By guesswork and trial

and error, numerous manifold angles & 42 must be tried to find the optimal flow rate of

the cleaning fluid. Even after the optimal flow rate has been found, the drip manifold may
25  need re-calibrating every time the cleaning apparatus is moved to another location. This
problem occurs because each different location (even a different section of the same room)
can have a floor angle that is different from the previous location. Therefore, as is often
the case, if the cleaning apparatus must be moved frequently, the need for constant re-

calibration can create large wastes of time and reduce wafer cleaning throughput. In

30  addition, further problems in the maintenance of manifold angle @ 42 may occur if the



25 need re-calibrating every tine the cleaning apparatus is noved to
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15  pressure delivery and flows tend to produce high pressure jets 32’.

Although the distribution of fluids out of the drip holes 13b improved, the high
pressure jets 32’ have the disadvantageous effects of damaging the delicate surface of the
brush 32a. In some cases, after relatively few cleaning operations, it was noticed that the
brush 32a became somewhat shredded or frayed. Consequently, the solution of simply

20  increasing fluid delivery flow and pressures caused additional problems beyond those of

un-even fluid delivery.

Because of these inherent problems in the present drip manifold 13a, additional
devices such as pressure regulators, pressure gauges, and flow meters, which are part of
the drip control 13, have been used in a largely unsuccessful attempt to prevent over

25  spraying. Unfortunately, even with seemingly proper drip control, unforeseen fluctuations
in fluid pressure can occur which may result in the high pressure jet 32’ which have been

known to damage the top brush 30a and/or the wafer 12.

It should be apparent that using the aforementioned drip manifold is unduly
inefficient. Such a drip manifold has the downside of taking more time to setup, and

30 requiring a large amount of maintenance time to keep the drip manifold at the perfect



Because of these inherent problens in the present drip manifold 13a,

addi tional devices such as pressure regul ators, pressure gauges, and fl ow
neters, whooh7ase part of the drip control 13, have beenPOp®801/09823 | argel y
unsuccessful attenpt to prevent over 25 spraying. Unfortunately, even with
seem ngly proper drip control, unforeseen fluctuations in fluid pressure
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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 drip manifold for use in wafer cleaning operations is
disclosed. The drip manifold has a plurality of drip nozzles that are secured to the drip
manifold. Each of the plurality of drip nozzles has a passage defined between a first end
and a second end. A sapphire orifice is defined within that passage and is located at the
first end of the drip nozzle. The sapphire orifice is angled to produce a fluid stream into

20 the passage and is reflected toward the second end to form one or more uniform drops

over a brush.

In another embodiment, a drip manifold for use in wafer cleaning operations is
disclosed. A cleaning station having a first and second brush is provided. The drip
manifold extends over the length of the first brush. A plurality of drip nozzles are

25 secured to the drip manifold. Each of the plurality drip nozzles are spaced apart from one
another and distributed over the length of the drip manifold. Each of the drip nozzles has
a passage defined between a first end and a second end. A sapphire orifice is defined

within that passage and is located at the first end of the drip nozzle. The sapphire orifice



first end of the drip nozzle. The sapphire orifice is angled to produce a
fluid streaminto 20 the passage and is reflected toward the second end to
f orm one vo® onma480 uni f orm drops over a brush. In anot her pabodivms3, a drip
mani fold for use in wafer cleaning operations is disclosed. A cleaning
station having a first and second brush is provided. The drip manifold
extends over the length of the first bush. A plurality of drip nozzles are
25 secured to the drip manifold. Each of the plurality drip nozzles are
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consi stent r| drops, the wafer cleaning efficiency and
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o S0l s cl g g, chemi ol Lo ILEH, Couses, B ol SR BUE P, Bl
oriented Akf nSRfold WhicHBRbdRES 8Rgként dripping of uniform drops, the wafer cleaning
efficiency and throughput may be improved. The claimed invention removes the problems

15  of variable cleaning chemical flow which causes problems such as brush and/or wafer

damage.

The present drip manifold does not have to be oriented at a specific manifold angle
to properly apply the cleaning fluid in the proper manner. This advancement obviates the
need for continual re-calibrations of drip manifold systems to obtain and maintain the

20 perfect manifold angle. This feature reduces time spent on maintaining the drip manifold
and allows increased wafer cleaning throughput. Moreover, the present drip manifold is
nearly immune to fluctuations in cleaning fluid dripped caused by small fluid pressure
variations. Further, due to the design of the drip nozzle, flow alterations normally caused
by hole shavings are also eliminated. Therefore the drip manifold will allow new drip

25 systems to more easily produce and maintain the type of dripping preferable in the wafer

cleaning process.

Other aspects and advantages of the invention will become more apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principle invention.
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brush staitiomn. Figure 1C shows a cross sectional view of the elenents

depicted in Figure 1B. Figure 1D shows a nore detailed side view of the
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a top view, respective a cleaning system 1n accordance wth one
enbodiOmeninh Rgurt IB. present i nvention. 15 Figure 3A shows a cross-sectional
view of a drip nozzle, in accordance with one

Figure 1E depicts a more detailed cross-sectional view of the drip manifold which

is expelling the non-uniform drip through a hole.

Figures 2A and 2B show a side view and a top view, respectively, of a cleaning

system, in accordance with one embodiment of the present invention.

15 Figure 3A shows a cross-sectional view of a drip nozzle, in accordance with one

embodiment of the present invention.

Figure 3B depicts a cross-sectional view of a drip manifold in accordance with one

embodiment of the present invention.

Figure 3C shows an exploded view of the sapphire orifice manifold in accordance

20  with one embodiment of the present invention.

Figure 3D shows a view of an alternative orifice in accordance with one

embodiment of the present invention.

Figure 4 depicts a side view of the drip manifold containing a plurality of the drip

nozzles in accordance with one embodiment of the present invention.

25 Figure 5 illustrates a cleaning system using the drip manifold containing a plurality

of the drip nozzles in accordance with one embodiment of the present invention.



enbodi nent of the present invention. Figure 3B depicts a cross-sectional
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Fi gure 3D shows a view of an alternative orifice in accordance with one
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and moved into a brush station one 102a, where the wafer 12 is scrubbed with selected

—a'm

chemicals and water (e.g., de-ionized water) before being moved to a brush station two
15 102b. In the brush stations, a drip manifold including a drip nozzle of the present
invention is contained. The features of the drip manifold and drip nozzle will be described

in greater detail below.

After the wafer 12 has been scrubbed in the brush stations 102, the wafer 12 is

moved into a spin, rinse, and dry (SRD) station 104, where de-ionized (DI) water is

20  sprayed onto the surface of the wafer and spun to dry. After the wafer has been placed
through the SRD station 104, the wafer 12 is moved to an output station 106. The
cleaning system 120 is configured to be programmed and controlled from system
electronics 108. Of course, this cleaning system is only exemplary in nature, and any
other type of cleaning system that uses brush technology coupled with drip manifolds will

25  also benefit from the advantages of the present invention. For instance, the system can be
a standalone brush station for scrubbing wafers horizontally or vertically, or part of a

chemical mechanical polishing (CMP) system and clean system combination.

Figure 3A shows a cross-sectional view of a drip nozzle 200, in accordance with
one embodiment of the present invention. The drip nozzle 200 is configured to provide

30  more consistent dripping of more uniform drops.
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made from any sui materla that 1s corrpatlbevm
cl eani ng solutions, and therefore, the sapphire orifice can be made from any material to define an
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15  insert orifice. Because a passage 200’ is angled into the angled wall 200a, the sapphire
orifice 202 is also angled to fit into the passage 200°’. Thus, the sapphire orifice 202 will
include an orifice inner surface 202’ that defines an angled path into the passage 205. This
angled path serves to create an angled fluid stream that is directed against the drip nozzle

inner surface 200’ at a stream contact surface 206.

20 Although sapphire is used in an exemplary embodiment, other materials may be
used such as materials that are compatible with various cleaning fluids. Such cleaning
fluids may include basic solutions, acidic solutions (e.g., HF), and other fluids. The
sapphire material can also be defined with passage ways (e.g., holes) that are defined to
tight tolerances, and once formed, leave a very clean unobstructed surface (e.g., smooth

25 surface). Moreover, it should be appreciated by one of ordinary skill in the art that the
sapphire orifice 202 may be oriented differently as long as the resultant configuration

produces an angled stream of fluid that is directed at the drip nozzle inner surface 200°.

When orifice input fluid 204’ first enters the drip nozzle 200, it travels through the
sapphire orifice 202. As the resultant angled stream leaves the sapphire orifice 202 and

30 enters the inner passage 205 of drip nozzle 200, it begins to expand and is defined by a



solutions, and therefore, the sapphire orifice can be made from any
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nozz!1® i meBectedisfrace 200'. Because the initial streamhits the stream
contact surface 206 at an angle, the initial stream reflects off of the
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contact serves to decrease the velocities of both the initial stream and
t he 45 stoccuwy, terfiraiciellgcteghpripy loses velocity and a slower moving second reflected spray

is produced. This loss in velocity causes a further expansion of the spray boundaries to

form a spray boundary 210a and a spray boundary 210b. As the second reflected spray
expands, it comes into contact with the incoming first reflected spray. This contact further

reduces the velocities of both the first reflected spray and the second reflected spray.

20 The second reflected spray then contacts a spray contact surface 210. Once again,
because of the expansion of the spray in transit, the spray contact surface 210 is larger than
the spray contact surface 208. When this contact occurs, the spray is once again reflected
at an angle towards the second end 201b of the drip nozzle 200 to produce a third reflected
spray. When this reflection occurs, the velocity of the spray is decreased again and further

25  expansion of the spray occurs. This expansion forms a spray boundary 212a and a spray
boundary 212b. Moreover, when this spray expansion occurs, the third reflected spray
comes into contact with the incoming second reflected spray. When this contact occurs,

the velocities of both the second reflected spray and the third reflected spray are decreased.

Therefore, each spray reflection produces a decrease in fluid velocity. These spray

30 reflections continue until the fluid reaches the periphery of a nozzle head 200c at the



The first reflected spray then hits spray contact surface 208. By this
time, the first reflected spray has expanded so the area of the spray
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droplets slowy format the opening of the nozzle head 200c creating a
cont rldl | ey, preyersingtfdyie fromm anigrafing umibe ppglgglt shewlddee appreciated that the drip

nozzle may be configured in a variety of shapes and sizes to produce similar drops.
Additionally, the drip nozzle 200 can be made without the drip nozzle head 200c. The
actual shape of the drip nozzle 200 will primarily depend on the viscosity of fluid, drip
rate, and the environment into which it is being installed. Also, the drip nozzle 200 is
20  preferably manufactured from a material that is compatible with the chemistry of the fluid
such as Teflon™ or polyethylene terephthalate (PET). PET materials are known for their
high purity and are relatively easy to machine. In one embodiment, the length 1.260 of the
drip nozzle 200 can vary between about 0.02 inch and about 1 inch, and more preferably is
about 0.437 inch long. This dimension can generally be varied to any length that will
25  allow for one or more spray reflections off of the drip nozzle inner surface 200°. This will
ensure that a more uniform drip is formed. In this embodiment, passage diameter D262 of
the drip nozzle 200 can be between about 0.02 inch and about 0.1 inch, and more
preferably is about 0.062 inch. Of course, this dimension can be varied depending on the
viscosity and desired fluid flow. Still further, the sapphire orifice is preferably angled
30 once inserted into the orifice inner surface 200’’. This angle can vary widely. For

example, the angle 0 264 can be between about 15 degrees and about 75 degrees, and more
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When the cleaning fluid is pumped into the drip manifold 220, the inner region 203 is
filled by a manifold fluid 204. A portion of the manifold fluid 204 enters the sapphire
orifice 202 as orifice input fluid 204°. The orifice input fluid 204’ then goes through the
numerous reflective actions as described above with reference to Figure 3A, and a uniform
20  drop 204a is released from the nozzle head 200c. Of course, in a true drip manifold 220,

there will actually be several drip nozzles 200, as will be illustrated below.

Figure 3C shows an exploded view of the sapphire orifice 202. In this
embodiment, the sapphire orifice 202 includes the orifice inner surface 202° defined
generally as a cylindrical shape. At one end of the sapphire orifice 202, the inner surface

25 202’ angles out to define an angled surface 202°’. The angled surface 202”’ is configured
to feed into the passage 205 of the drip nozzle 200. Therefore, in operation, the orifice
input fluid 204° enters the sapphire orifice 202 and exits out of one side as defined by the
stream boundaries 206a and 206b. In one embodiment, it is preferable for an outer
diameter D266 of the sapphire orifice 202 to be about 0.087 inch. It should be appreciated

30 that the diameter of the orifice inner surface 202’ may be varied to produce different flow



anot her enbodi mrent of the present invention. In this enbodinent, the drip
mani fold 220 5 has a manifold inner surface 220a and a manifol d outer
surface 220b1/72ibe drip nozzle 200 is secured to the drip renUSal/@sB20 by
threads 200d. It should be understood that the drip nozzle 200 may be
fastened to the drip manifold 220 in a variety of other ways such as
pressing the drip nozzle 200 into the-4ip manifold 220. In one enbodinent,
the drip nozzle 200 is preferably oriented such that the first end 201 a
protrudes into an inner region 10 203 of the drip nanif 220. hough
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differ entleﬁétﬂ"\tﬁ/& Ot/ 4R0mBEVL YnBdd %§23may1§é varied depending upon the drip
characteristics desired. The orifice input fluid 204’ enters the alternative orifice 202’* and
exits out of the other side as defined by the stream boundaries 206a and 206b. As
mentibned above, the sapphire orifice 202 and the alternative orifice 202"’ may be made
20  out of other materials that are compatible with different cleaning fluids and that can be
defined to exact tolerances and leave a smooth surface after it is formed. The smooth
surface thus enables the generation of a more uniform entry point for fluid and gives rise
to more controlled droplets from each of the drip nozzles 200 that may be integrated into a
drip manifold 220.

25 Figure 4 depicts a side view of the drip manifold 220 containing a plurality of the
drip nozzles 200 in accordance with one embodiment of the present invention. In this
embodiment, a fluid source 258 is connected by a tubing 252 to a pressure regulator 256.
A pressure gauge 254 is then attached to a portion of the tubing 252 connecting the
pressure regulator 256 to one end of the dripAmanifold 220. A plurality of the drip nozzles

30 200 are secured to the drip manifold 220 as explained above with reference to Figure 3B.
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Figure 5 illustrates a cleaning system using the drip manifold 220 containing a
plurality of the drip nozzles 200 in accordance with one embodiment of the present
invention. The tubing 252 is connected to one end of the drip manifold 220. In one

20  embodiment, the drip manifold 220 is preferably positioned over the top brush 30a so the
cleaning fluid can be dripped onto the top brush 30a. It is should be appreciated that the
drip manifold 220 may be positioned in any orientation which would allow for consistent
application of cleaning liquid onto the top brush 30a (or any other brush that is positioned
below the drip manifold 220). The wafer 12 is placed on top of the bottom brush 30b and

25  below the top brush 30a. The tubing 252 transports fluid into the drip manifold 220. The
fluid passes through the drip nozzles 200 and is released in the form of the uniform drops
204a. As the uniform drops 204a are applied to the top brush 30a at a consistent rate, the
brushes 30 can turn thus scrubbing the wafer 12. Therefore, the drip manifold 220 applies
precisely the correct amount of cleaning fluid at the desired rate to the top brush 30a which

30 results in optimal cleaning of the wafer 12.



30 200 are secured to the drip manifold 220 as expl ai ned above with
reference to Figure 3B. WO 01/ 72430 PCT/US01/09823 -14 In one enbodi nent,
the dri pweni/fabd 220 is preferably a cylindrical structurPeT/usameizsct ur ed
out of a TeflonTM material or any other material that is conpatible with

cl eaning chemcals. In this enbodinent, the fluid source 258 generally
supplies fluid to the pressure 5 regdPator 256 where the pressure of the
fluid leading to the drip manifold can be controlled. A pressure gauge 254

nonitors the fluid pressure in the tublng 252. g se of both the
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drip nObeﬁﬁlﬁﬁﬂn@m.a constant and controlled rate. Advantageously, t he
flow of fluid through the drip manifold 220 nay 15 be regulated with only
the use of theyplessuifsaauge 254 and the pressure regulator 256 w thout
the need for inplenenting a a flow neter or additional hardware. Figure 5
illustrates a cleaning systemusing the drip manifold 220 containing a
plurality of the drip nozzles 200 in accordance wth one enbodi nent of the
present invention. The tubing 252 is connected to one end of the drip

mani fol d 220. In one 20 enbodi nent, the drip manifold 220 is preferably
positioned over the top brush 30a so the <cleaning fluid can be dripped
onto the top brush 30a. It is should be appreciated that the drip manifold
220 may be positioned in any orientation which would allow for consistent
application of cleaning liquid onto the top brush 30a (or any other brush
that is positioned below the drip manifold 220). The wafer 12 is placed on
top of the bottom brush 30b and 25 bel ow the top brush 30a. The tubing 252
transports fluid into the drip manifold 220. The fluid passes through the
drip nozzles 200 and is released in the formof the uniformdrops



204a. As the uniformdrops 204a are applied to the top brush 30a at a
consistent rate, the brushes 30 can turn thus scrubbing the wafer 12.
Ther ef orayovhe4dri p mani fol d 220 applies precisely the cper@sty/@ssunt of
cleaning fluid at the desired rate to the top brush 30a which 30 results
in optimal cleaning of the wafer 12. WD 01/ 72430 PCT/ USO01/09823 -15 Wile
this invention has been described in t8rns of several preferred

enbodi ments, it will be appreciated that those skilled in the art upon

readi ng the preceding specifications studying the drawi ngs w | |
realize various alterations, additi , rmutations and equival ents
thereof. It is therefore intended that the present invention includes all

such 5 al terations, .h{ainﬁfﬂﬁl’foP@geHHWérQﬁb%nin%h%eﬁﬁ%é{%b&@ﬁ%ngﬁ fal I within
the true spirit and scope of the invention. at is clained rs: WO

01/ 72430 PCT/ H%QHaH%B&%gg'no%ﬁﬁge&%@ﬁ &ozzféliﬂéliugitnggni fold for use in wafer

cl eani ng operations,” conpri’s ura rip nozzles, each drip
nozzle including, a first end and second,end ,and assage defined there
bet ween; and @r}gs%ﬁgﬂﬁﬂflraée%%%fepaém@éﬁ’?ﬁéﬁe Qﬁ%ﬁ‘ﬁf‘ﬁheff%ﬁetg’gg%’fgﬁ and | ocated at
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cl eani ng rl8pze as reci ereln

i nt egr at ekt dabMd éndClo&ash Bfe 6t AbieQhifdamidagpsavet 4 sdrfdoeush and a 10 second
brush; and the drip manifold extends over a length of the first brush. 3. A

drip manifoldor U@@ﬁh@nﬁ%%&f o8 RefePRRAAE YperaBdnd BCtLREH inclgihail M 2,
wherein each of the plurality of drip nozzles are spaced apart from one

anot her artebrein ¢he diip mrankfotdeld integratesl ineng clvaning tshatiod hiapingen{ifso baishand& dri p
ran fl(())l d sfec?ornd%?’l(lashl; Qnm];%‘ipcr}laen?%ﬂ gxtglgd%ro%grl 2(1) {é%g&lsofrtl(laecfi}s?grulsﬂ. claim1,
3. A drip manifold for use in wafer cleaning operations as recited in claim 2,

wherein each of the plurality of drip nozzles are spaced apart from one another and are

distributed over a length of the drip manifold.

4. A drip manifold for use in wafer cleaning operations as recited in claim 1,
15  wherein the first end of each of the plurality of drip nozzles protrudes into an inner region

of the drip manifold..

5. A drip manifold for use in wafer cleaning operations as recited in claim 4,
wherein the second end of each of the plurality of drip nozzles extends out beyond an

outer surface of the drip manifold.

20 6. A drip manifold for use in wafer cleaning operations as recited in claim 1,
wherein the first end has an angled wall, and the angled wall being configured to receive

the sapphire orifice that is in the form of an insert.

7. A drip manifold for use in wafer cleaning operations as recited in claim 1,
wherein each of the plurality of nozzles incorporate threads to enable the threading into the

25  drip manifold.

8. A drip manifold for use in wafer cleaning operations as recited in claim 1,

wherein each of the plurality of drip nozzles has a nozzle head at the second end.



15 wherein the first end of each of the plurality of drip nozzles protrudes
into an inner region of the drip manifold.. 5. Adrip manifold for use in
waf er cl @e@ong4sperations as recited in claim4, wherei nPCh&sela®e2sd end of
each of the plurality of drip nozzles extends out beyond an outer surface
of the drip manifold. 20 6. A drip manifold for use in wafer cleaning
operations as recited in claim1, wheltein the first end has an angl ed
wal I, and the angled wall being configured to receive the sapphlre orifice
that is in the formaf, an i mani fold for u

cl eani ng operation §§PF@@P€§§ﬁdeEWéW §IC%QN%&QEQWU8&EHSS?H?hﬁlaﬁﬁ?éi|ty
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mani fold. 8 mani f ol use I n wa cl eani ng operations as

reci ted ilength alnmugh whidtethei fiuid athamfrefléuts pheioamdry timiesdurtid tho flnidestrdaas a
nozzl e head at the second end. WD 01/72430 PCT/US01/09823 -17 9. A drip
mani f ol d fPERs the ¥nifarp g ¢l eani ng operations as recited in claiml, the
passage defined between the first end and the second end of the drlp nozzl e
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angled surface, sald angled surface is configured to feed into the passage

defi ned bmdﬁhamromécmbwﬂhedngnohéssecond end of the drip nozzle. 11. A drip
mani fold for use in wafer cleaning operations, conprising: 10 a cleaning
stati on havi nglla fiAsfiphhamsfoldfed use Bewaadclbanisdopeaatibmis pecomsprising: d ext endi ng
over a length of first brush; a plurality of drip nozzles integrated into

the dgi p mani f@élganlﬁgaml&fhévmg Dk Bhuish ¥n®F secdhil BridRz 2| es bei ng spaced
apart fromone another and are distributed over the Iength of the drip

mani fol d; and , 4, manifold extending over a length of first brush;

a plurality of drip nozzles integrated into the drip manifold, each of the plurality of
drip nozzles beihg spaced apart from one another and are distributed over the length of the

drip manifold; and
15 each drip nozzle including,
a first end and a second end and a passage defined there between;

a sapphire orifice defined within the passage and located at the first end of
the drip nozzle, the sapphire orifice being angled to produce a fluid stream that is
reflected toward the second end to form one or more uniform drops over the first

20 brush.

12. A drip manifold for use in wafer cleaning operations as recited in claim 11,
wherein the first end of each of the plurality of drip nozzles protrudes into an inner region

of the drip manifold..

13. A drip manifold for use in wafer cleaning operations as recited in claim 12,
25  wherein the second end of each of the plurality of drip nozzles extends out beyond an

outer surface of the drip manifold.



15 each drip nozzle including, a first end and a second end and a passage
defined there between; a sapphire orifice defined within the passage and

| ocat ed avOvhe4Birst end of the drip nozzle, the sapphi reCDUSHI®E23bEI NY
angled to produce a fluid streamthat is reflected toward the second end
to formone or nore uniformdrops over the first 20 brush. 12. Adrip

mani fold for use in wafer cleaning opelations as recited in claim 11,
wherein the first end of each of the plurality of drip nozzles protrudes
into an inner region of the drip manifold.. 13. Adrip manifold for use in
waf er cl eani ngldoperAdiipmesandfold fos usein Wafer¢lagning gperatims\gn gecdied in pleilmddond

end of each of th lurality of drip nozzles extends.out .be d an. outer
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threads to enable the threading into the drip manifold. 16. A drip

mani f ol d drmeRifoldn waf er cl eaning operations as recited in claimail1,
wherein each of the plurality of drip nozzles has a nozzle head at the
second end. 17.6.A dhidpipmaariifodd forfuse inuwefer pleonifig pperhidensiasgewisdrimciabnd las
recited in claim1l 10 the ssage,defined Qe n.the first. end and the
second enBFnEREn %ﬁ'tpf)pﬁ’&lﬂ@? Pg?z‘rhe@%és aln8ﬁ73? h%&?g%CW#Wt he fluid
streamreflects one or nore_ tinmes until the fluid stream forns the uniform
drop. 18. A drifp nehidipimaemtold fase i walkerlealiBa APFELAPS ABFEAN S8R dd; t ed
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confi gur edngta therdh iwiich teeflpidstege Wabitnede by nidre timdsstntiirte fluid stream

forms the uniform drop.

18. A drip manifold for use in wafer cleaning operations as recited in claim 11,
wherein at one end, the inner surface of the sapphire orifice angles out to define an angled
15  surface, said angled surface is configured to feed into the passage defined by the first end

and the second end of the drip nozzle.

19. A method for making a drip nozzle, the drip nozzle being configured for

use in a drip manifold that is oriented over a surface, comprising:

generating a tubular segment having a first end and a second end, the tubular

20 segment defining a passage between the first end and the second end; and inserting a
sapphire orifice into the passage of the tubular segment at the first end, the inserting being
configured to align the sapphire orifice at an angle such that a fluid flow can be introduced

from the first end, through the sapphire orifice that is at the angle, into the passage of the
tubular segment, and exit at the second end of the tubular segment, the fluid flow exiting

25  the said end defining one or more droplets.

20. A method for making a drip nozzle for use in wafer cleaning operations as
recited in claim 19, wherein the sapphire orifice is configured to include a cylindrical

orifice inner surface which defines an angled path into the passage of the tubular segment.



and the second end of the drip nozzle. 19. A nethod for making a drip
nozzle, the drip nozzle being configured for wuse in a drip manifold that
is orientvedopvsso a surface, conprising: generating a tububPar/usegysst havi ng
a first end and a second end, the tubular 20 segnent defining a passage
between the first end and the second end; and inserting a sapphire orifice
into the passage of the tubul ar segmerdf-at the first end, the inserting
being configured to align the sapphire orifice at an angle such that a
fluid flow can_be introduced fromthe first end, through the sag hire
t

orifice that ¥4 at 4 metheddpemaking s drpenezzledaguscom Wafer clegpg gperd , and
it at d ! ' it 25
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nozzl e f ofifivs donfig@tearo sigamitmgrdperations as recited in claim19,
wherein the sapphire orifice is configured to include a cylindrical

orifice innerjsurfacewmdiGhr Makin %Sdr%ﬂn@z@&'ﬁfjuﬁ@ﬁﬂ@f@i Slehiifg BRSEREGR Rf the
tubul ar segnment. WO 01/ 72430 PCT/USO01/09823 -19 21. A nethod for making a

dri p fozzéaitedl or claise 19, rwhvadie thesapphiregriiieas aonstrsted rom e sanpdidte imrteriadian 20,
wherein th? c%[gi ndr i C€]|€ orifilce i nner surface at an end of the sapphire
orifice PSRBNEICHHPAILEMUMR e outward. 22. A method for meking a drip

nozzle for use in wafer cleaning operations as 5 recited in claim 19,
wherei n the s@Bphi Femsthod; fepmaking srdin pRzzledor peminavafshpieAnias RREEHIS 3 or  a
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fluid off of an inner surface of the drip nozzle, the cleaning fluid 10
exi tilfg ferisimetioen theidsipmozzieas a8ifemm € drops. 24. A method for making a
drip nozzle for use in wafer cleaning operations as recited in claim 19,
wherein the sé@dond enmdtlafd fohmakingd dnp segleelor ubsincwalkei glenridg aperatiohsi 45
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nozzle head.

25. A method for making a drip nozzle for use in wafer cleaning operations as

15  recited in claim 24, wherein the drip nozzle head is larger than an outer nozzle wall.

26. A method for making a drip nozzle for use in wafer cleaning operations as

recited in claim 24, wherein one end of the drip nozzle head is flat.
27. A drip manifold, comprising:
a plurality of drip nozzles, each drip nozzle including,
20 a first end and a second end and a passage defined there between; and

an insert orifice defined within the passage and located at the first end of the drip
nozzle, the insert orifice being angled to produce a fluid stream that is reflected toward the

second end to form one or more uniform drops over a receiving object.

28. A drip manifold for use in wafer cleaning operations as recited in claim 27,
25  wherein the drip manifold is integrated into a cleaning station having a first brush and a

second brush; and the drip manifold extends over a length of the first brush.



15 recited in claim24, wherein the drip nozzle head is |arger than an
outer nozzle wall. 26. A nethod for nmaking a drip nozzle for use in wafer
cl eani ng voper/atdons as recited in claim?24, wherein one POUUSI/MBES drip
nozzle head is flat. 27. A drip manifold, conprising: a plurality of drip
nozzl es, each drip nozzle including, 20 a first end and a second end and a
passage defined there between; and ar?nsert orifice defined within the
passage and | ocated at the first end of the drip nozzle, the insert

orifice being_angled to produce a fluid streamthat.is reflected toward the
second end tozgor m"bﬁ‘éPH{‘)m OWFICPBr%?ﬂr‘%??éllwrﬁlqné@ﬁ%tﬁ%“b F’é‘b?@ 28. A

drip mani i : j I Lt L l-m 27,
25 aner ol s o o R e A TR AL ol e g
first brdsitane ever aéapidofihe dlip neemifoicae dri p mani fol d extends over a

| ength of the first brush. WO 01/72430 PCT/US01/09823 -20 29. A drip

mani fol d for gge i wap efanfTbriefol AP iQRAITET dleMnBSpeiAink @6l rdcited Iratlain2 87,
wherein each of the plurality of drip nozzles are spaced apart from one
anot hgr adreir ghe disertr prificeets dsfinedafrpmngienobf tapphiae imateriali 40d) ¢ clewinga drip
mani fold for ein fer cleaning operations as recited in claim?27, 5
wher ei n fﬂ@mwﬂégpyue fice is defined fromone of a sapphire material and a
cl eaning conpatible materi al



