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WAFER CLEANING BRUSH 

BACKGROUND 

0001. This invention relates to semiconductor wafer pro 
cessing and to cleaning the Surfaces of Semiconductor 
wafers. 

0002 Semiconductor wafers are used to manufacture 
integrated circuits. During the manufacturing process, 
wafers are put through chemical mechanical polishing 
(CMP). In the CMP process, the wafers are mounted on 
rotating holders and lowered onto a pad Surface rotating in 
the opposite direction. A slurry of Silica Suspended in a mild 
etchant, Such as potassium or ammonium hydroxide, is 
applied to the polishing pad. The alkaline Slurry chemically 
grows a thin layer of Silicon dioxide on the wafer Surface. 
The buffing action of the pad mechanically removes the 
oxide in a continuous action. High points on the wafer 
Surface are removed until an extremely flat Surface is 
achieved. 

0003. After the CMP process is completed, the wafer 
Surfaces are covered in particles, referred to as a slurry 
residue. Some of the slurry residue may be distributed across 
the top and bottom surfaces of the wafer. To remove the 
particles and prevent the Slurry redistribution, the Surfaces of 
a wafer are cleaned. If the Slurry residue is not cleaned off 
the wafer Surfaces, there could be a loSS in die yield and/or 
device performance. 
0004 Different post-CMP cleaning methods have been 
used. These include cleaning the wafers in wet stations, or 
Scrubbing wafers with brushes and deionized water or a 
combination of deionized water and chemicals. Such as 
ammonia and citric acid. 

0005 Scrubbers are automated devices that are used to 
remove Slurry residue, contaminants and other particles 
from the Surfaces of a semiconductor wafer. Scrubbers 
typically include one or more rotating cylindrical brushes 
that contact and brush the Slurry residue, particles and other 
contaminants from a wafer Surface. Double sided Scrubbers 
Simultaneously Scrub the top and bottom Surfaces of a 
Semiconductor wafer with two rotating cylindrical brushes. 
In a typical Scrubber, each Semiconductor wafer lies flat on 
a conveyor mechanism which moves the wafer into and 
between the brushes. When the wafer is being scrubbed, the 
conveyor mechanism, rollers and brushes Support and hold 
the wafer horizontally. The wafer itself also may be rotated 
while one or both surfaces are scrubbed by the brushes. One 
or more rollers may engage the edge of the Semiconductor 
wafer to rotate the wafer. 

0006. In scrubbers, the brushes that contact and clean the 
top and bottom surfaces of the wafer are cylindrical bodies 
with nubs or bristles extending and protruding outwardly 
from the external surface of the body. The bristles may be 
made from a variety of materials including poly Vinyl 
alcohol, nylon, or polyurethane, for example. Bristles or 
nubS may be mounted in holes in the external Surface of the 
body. 

0007. The bristles or nubs on brushes for cleaning Sur 
faces of Semiconductor wafers can Scratch the Surfaces of 
wafers and/or damage the Surfaces on the wafers, especially 
near the center of the wafers. For example, Scratches can 
irretrievably damage Sensitive patterned Surfaces of Semi 
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conductor wafers. Brushes in Scrubbers also may not effec 
tively remove all the slurry residue, particles and/or con 
taminants from the wafer Surface. A wafer having slurry 
residue, particles or other contaminants remaining on one or 
both of its surfaces could result in reduced die yield from the 
wafer. 

0008. A brush for a scrubber is needed that will not 
scratch the wafer surface and will better remove slurry 
residue, particles and other contaminants from both Surfaces. 
There also is a need to reduce the time for a brush in a wafer 
Scrubber to effectively clean the Slurry residue, particles and 
contaminants from the top and bottom Surfaces of each 
wafer, to increase the Volume and throughput of Scrubbers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a top view of a semiconductor wafer 
cleaning apparatus according to one embodiment of the 
present invention. 
0010 FIG. 2 is a side sectional view of a brush for 
cleaning Semiconductor wafers according to a Second 
embodiment of the invention. 

0011 FIG. 3 is a side sectional view of a brush for 
cleaning Semiconductor wafers according to a third embodi 
ment of the invention. 

DETAILED DESCRIPTION 

0012 FIG. 1 of the drawing illustrates a wafer scrubbing 
apparatus 100 for cleaning the Surface of a Semiconductor 
wafer 102. Embodiments of the invention may be used with 
Single-sided or with double-sided wafer Scrubbing devices. 
First Surface 103 of semiconductor wafer 102 is shown 
being cleaned by brush 110 in a single sided wafer scrubbing 
apparatus. The present invention also includes a double 
sided wafer Scrubbing apparatus having a first brush for 
cleaning a first Side of a wafer and a Second brush (not 
shown) for cleaning a Second Surface of a wafer. The wafer 
Scrubbing apparatus 100 may include conveying mechanism 
104 which transports the wafer into a position next to the 
brush or between a pair of brushes so that the brush may 
contact the Surface of the wafer. 

0013 The brush has a body 111 that may be coupled to 
a shaft 105 and a motor 106 that rotates the brush about its 
longitudinal axis of rotation 113. In one embodiment, the 
semiconductor wafer 102 lies horizontally as the conveyor 
mechanism moves and positions the wafer into contact with 
the brush and/or between a pair of brushes. When the wafer 
is being scrubbed by a brush or brushes, the conveyor 
mechanism Supports and holds the wafer horizontally. At the 
same time, rollers 108 and 109 may engage the edge or outer 
circumference 107 of the wafer and rotate the wafer. 

0014. As shown in FIG. 1, in one embodiment of the 
invention, brush 110 has a generally cylindrical body 111 
and a nubleSS outer Surface 112. AS used herein, the term 
nubleSS means lacking nubS, bristles or protrusions extend 
ing outwardly from the Outer Surface. The nubleSS outer 
Surface may be Smooth or uneven, porous or impermeable. 
0015. In one embodiment of the invention, the nubless 
outer Surface is a resilient or Semi-resilient material Such as 
poly Vinyl acetate. In this embodiment, the SoftneSS may be 
between 30 g/cm and 150 g/cm, as defined by the standard 
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30% compressive stress test. In one embodiment, the outer 
Surface is poly Vinyl acetate material that is cured to achieve 
a desired Softness. The brush may be a unitary or Single 
component Surrounding the core, or the outer Surface may be 
adhered or laminated to an internal component. 
0016 Now referring to FIG. 2, according to one embodi 
ment of the invention, brush 200 has a modified cylindrical 
shape in which the central Section has a Smaller diameter 
than the end sections. The brush has a core 201 along the 
axis 202 of the body 203. The brush may be coupled to shaft 
210 and motor 211. The brush has first end 204, first 
cylindrical end section 205, central section 206, second 
cylindrical end section 207, and second end 208. Midpoint 
209 is intermediate the central section. The length of the 
brush may be varied depending on size and other charac 
teristics of Semiconductor wafers to be cleaned and the 
structure of the Scrubber. 

0017. In the embodiment of FIG.2, the central section of 
the brush is tapered between the end Sections and the 
midpoint. The outer diameters of the first and Second cylin 
drical end Sections are greater than the outer diameter of the 
central Section. In this embodiment, the midpoint of the 
brush which is intermediate the central section has the 
Smallest outer diameter. The Outer Surfaces of the end 
Sections and central Section of the brush are nubleSS, i.e., 
lacking nubs, bristles or protrusions extending therefrom. 
0018. In FIG.3, an embodiment is shown in which brush 
300 has a body 301 with a modified cylindrical shape around 
core 302. The body includes first end 303, first cylindrical 
end section 304, central section 305, second cylindrical end 
section 306, and second end 307. The brush may be coupled 
to shaft 308 and motor 309 to rotate the brush around axis 
310. The body has first and second shoulders 311, 312 
between the first and Second cylindrical end Sections and the 
central Section. In this embodiment, the Outer diameters of 
the first and Second cylindrical end Sections are greater than 
the outer diameter of the brush at the central Section. The 
brush has a nubleSS Outer Surface. 

0019. In the embodiments of FIG. 2 and FIG. 3, the 
length of each cylindrical end Section is less than one half 
the length of the brush, and the diameter of each cylindrical 
end Section is greater than the diameter at the midpoint of the 
brush. The present invention contemplates that the length of 
each cylindrical end Section, and the difference between the 
diameter of the end Sections and the diameter at the mid 
point, may be varied considerably. The invention may 
include and is not limited to brushes with cylindrical end 
Sections having outer diameters that are greater than the 
outer diameter of the midpoint, and includes brushes in 
which the end Sections have the same diameters as the 
midpoint or central section of the brush. The invention also 
contemplates brushes with tapered end Sections instead of 
cylindrical end Sections. 
0020. In the embodiments of FIGS. 1-3, the nubless outer 
Surface of the brush has a greater area of contact with a 
Semiconductor wafer Surface than the outer Surface of a 
brush having nubs, bristles or protrusions. In one embodi 
ment, the nubleSS Outer Surface helps to minimize or reduce 
Scratches to Semiconductor wafer Surfaces, especially near 
the center of wafers. Thus, the invention improves the 
cleaning and removal of Slurry residue, particles and other 
contaminants from the front and back Surfaces of wafers. 
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The invention may be used to clean all layers of the wafer 
to remove particles, residues, and contaminants on either 
side or both sides of a wafer. 

0021. In addition to cleaning semiconductor wafers after 
CMP, certain embodiments of the invention may be used to 
clean slurry from wafers following shallow trench isolation/ 
inter-layer dielectric (STI/ILD) polish, tungsten (W) polish, 
or copper (Cu) polish. 
0022. Although the present invention is described in 
conjunction with the Scrubbing of a wafer, it will be appre 
ciated that any Similarly shaped, i.e., generally flat, Sub 
Strate, may be processed by the methods and apparatuses of 
the present invention. Further, it will be appreciated that 
reference to a wafer or Substrate may include a bare or pure 
Semiconductor Substrate, with or without doping, a Semi 
conductor Substrate with epitaxial layers, a Semiconductor 
Substrate incorporating one or more device layers at any 
Stage of processing, other types of Substrates incorporating 
one or more Semiconductor layerS Such as Substrates having 
Semiconductor on insulator (SOi) devices, two or multiple 
Substrates bonded to each other, or Substrates for processing 
other apparatuses and devices Such as flat panel displayS, 
multichip modules, etc. 
0023. While the present invention has been described 
with respect to a limited number of embodiments, those 
skilled in the art will appreciate numerous modifications and 
variations therefrom. It is intended that the appended claims 
cover all Such modifications and variations as fall within the 
true spirit and Scope of this present invention. 
0024. What is claimed is: 

1. An apparatus comprising: 
a wafer Scrubber to position and hold a Semiconductor 

wafer; and 
a rotatable brush mounted in the wafer Scrubber to contact 

the Semiconductor wafer, the rotatable brush having a 
nubleSS outer Surface, at least a portion of the nubleSS 
Outer Surface being generally cylindrical. 

2. The apparatus of claim 1 wherein the rotatable brush 
has first and Second cylindrical end Sections. 

3. The apparatus of claim 1 wherein the rotatable brush 
has first and Second cylindrical end Sections and a central 
Section, the first and Second cylindrical end Sections having 
outer diameters greater than the outer diameter of the central 
Section. 

4. The apparatus of claim 2 wherein the rotatable brush 
has a midpoint having an Outer diameter less than the 
diameter of the first and Second cylindrical end Sections. 

5. The apparatus of claim 3 wherein the central section of 
the rotatable brush is tapered. 

6. The apparatus of claim 3 further comprising a shoulder 
between each of the first and Second cylindrical end Sections 
and the central Section. 

7. The apparatus of claim 1 wherein the rotatable brush 
has a poly Vinyl acetate nubleSS Outer Surface. 

8. An apparatus comprising: 
a Semiconductor wafer oriented in a cleaning position; 

and 

first and Second rotating brushes at the cleaning position 
to contact the Semiconductor wafer, at least one of the 
rotating brushes having a nubleSS outer Surface. 
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9. The apparatus of claim 8 wherein the rotating brush 
having a nubleSS Outer Surface has a first cylindrical end 
Section, a Second cylindrical end Section, and a central 
Section between the first and Second cylindrical end Sections, 
the first and Second cylindrical end Sections having outer 
diameters greater than the Outer diameter of the central 
Section. 

10. The apparatus of claim 9 wherein the central section 
is tapered. 

11. The apparatus of claim 9 further comprising a shoul 
der between each of the cylindrical end Sections and the 
central Section. 

12. The apparatus of claim 8 further comprising at least 
one roller to engage the Semiconductor wafer and rotate the 
wafer as the first and Second rotating brushes contact the 
wafer. 

13. The apparatus of claim 8 wherein the first and second 
rotating brushes have a softness of between 50 g/cm and 
110 g/cm. 

14. The apparatus of claim 8 wherein the first and second 
rotating brushes have poly Vinyl acetate outer Surfaces. 

15. A method comprising: 
holding a Semiconductor wafer on a conveyor, the wafer 

having a first Surface and a Second Surface, 
rotating the Semiconductor wafer about a first axis per 

pendicular to the first and Second Surfaces, 
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contacting the first Surface of the Semiconductor wafer 
with a first rotating brush having a nubleSS outer 
Surface; and 

contacting the Second Surface of the Semiconductor wafer 
with a Second rotating brush having a nubleSS outer 
Surface. 

16. The method of claim 15 further comprising contacting 
at least one of the first and Second Surfaces of the Semicon 
ductor wafer with a rotating brush having a nubleSS outer 
Surface and a non-uniform Outer diameter. 

17. The method of claim 15 further comprising contacting 
at least one of the first and Second Surfaces of the Semicon 
ductor wafer with a rotating brush having a nubleSS outer 
Surface and a tapered central Section. 

18. The method of claim 15 further comprising contacting 
at least one of the first and Second Surfaces of the Semicon 
ductor wafer with a rotating brush having a nubleSS outer 
surface with a softness of 30 g/cm to 150 g/cm. 

19. The method of claim 15 further comprising engaging 
at least one roller against the edge of the Semiconductor 
wafer to rotate the Semiconductor wafer. 

20. The method of claim 15 further comprising contacting 
at least one of the first and Second Surfaces of the Semicon 
ductor wafer with a rotating brush having a nubleSS poly 
Vinyl acetate Outer Surface. 
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