
ARCHIMEDES BRUSH FOR SEMICONDUCTOR CLEANING 

FIELD OF THE INVENTION 

10011 The present invention relates generally to processes and devices for cleaning 

articles. More specifically, it relates to a brush used for cleaning semiconductor 

substrates. 

BACKGROUND 

[2] Cast cylindrical poly vinyl acetate (PVA) brushes are conventionally used in 

automatic cleaning systems to provide a post CMP (Chemical Mechanical 

Planarization) process to effectively clean surfaces of substrates such as 

semiconductor wafers or other disc-shaped substrates. PVA brushes are also used in 

cleaning systems to clean and dry glass and other non-disc-shaped substrates in flat 

panel display manufacture, glass production, and printed circuit board assembly. 

Brushes may have a length as short as 50 millimeters or as long as 10 meters, for 

example. The brushes extend completely across the substrate being treated, thereby 

contacting the substrate an entire distance across its diameter. The brushes are located 

on and driven by a central mandrel about a central longitudinal axis in the cleaning 

process. The brushes have nodules on their outer surface to help clean the substrate as 

shown in FIG. 1. 

[3] Conventional nodule PVA brushes rely on indiscriminate excitation to remove 

particles from semiconductor surfaces/substrates. The particles can be removed by 

lifting from the semiconductor surface/substrate, sliding over the semiconductor 

surface/substrate, or rolling on the semiconductor surface/substrate, as shown for 
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example in FIG. 2. In FIG. 2, the nodules are shown by the small ovals, some of 

which are labeled with reference number 10, and the particles are shown by reference 

number 12. The hydrodynamic and/or electro-kinetic forces associated with 

conventional nodule PVA brushes do not move particles with any directionality off of 

the semiconductor surface/substrate to be cleaned. Because the center of a rotating 

semiconductor surface/substrate relies primarily on the forces exerted by the brush to 

remove particles, particle re-deposition is common and cleaning the center of the 

semiconductor surface/substrate is challenging. This problem is exacerbated with the 

transition to larger semiconductor surfaces/substrates (e.g. 300 mm to 450 mm). 

SUMMARY 

[4] In one aspect, a cleaning device for cleaning substrates is provided. The 

cleaning device includes, but is not limited to, a brush engaged with a mandrel, and 

the brush forms an Archimedean screw thread form. The brush is formed of an 

absorbent material, preferably foam. In one aspect, the brush is seated within a 

groove in the mandrel. 

[5] The scope of the present invention is defined solely by the appended claims 

and is not affected by the statements within this summary. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[6] The invention can be better understood with reference to the following 

drawings and description. The components in the figures are not necessarily to scale, 

emphasis instead being placed upon illustrating the principles of the invention. 

[7] FIG. 1 depicts a side elevation view of a brush and mandrel in accordance 

with the prior art; 

[8] FIG. 2 is a schematic view of a showing of how the brush of FIG. 1 contacts a 

rotating substrate and how particles are moved on the substrate; 

[9] FIG. 3 is a perspective view of a cleaning system for cleaning and/or polishing 

substrates, in accordance with a first embodiment of the present invention; 

[0010] FIG. 4 depicts a perspective view of the brush and its mandrel of the cleaning 

system of FIG. 3; 

[0011] FIG. 5 depicts a side elevation view of the brush and its mandrel of FIG. 4; 

[0012] FIG. 6 depicts a partial perspective view of mandrel that can be used with the 

brush shown in FIGS. 5-5; 

[0013] FIG. 6 depicts a perspective view of an example of the brush and a mandrel 

that can be used with the brush of FIGS. 3-5; 

[0014] FIG. 7 depicts a side elevation view of the mandrel shown in FIG. 6; 

[0015] FIG. 8 depicts a perspective view of a cleaning system for cleaning and/or 

polishing substrates, in accordance with a second embodiment of the present 

invention; 
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[0016] FIG. 9 depicts a perspective view of the brush and its mandrel of the cleaning 

system of FIG. 8; 

[0017] FIG. 10 depicts a side elevation view of the brush and its mandrel of FIG. 9; 

[0018] FIG. 11 depicts a cross-sectional view along line 11-11 of FIG. 10; 

[0019] FIG. 12 depicts and end elevation view of the brush and its mandrel of FIG. 9; 

[0020] FIG. 13 depicts a side elevation view of a modified brush and its mandrel; 

[0021] FIG. 14 depicts a cross-sectional view along line 14-14 of FIG. 13; 

[0022] FIG. 15 depicts a side elevation view of another modified brush and its 

mandrel; 

[0023] FIG. 16 depicts a cross-sectional view along line 16-16 of FIG. 15; and 

[0024] FIG. 17 is a schematic view of a showing of how the brush of FIGS. 8-16 

contacts a rotating substrate and how particles are moved on the substrate. 
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DETAILED DESCRIPTION 

[0025] While the invention may be susceptible to embodiment in different forms, 

there is shown in the drawings, and herein will be described in detail, specific 

embodiments with the understanding that the present disclosure is to be considered an 

exemplification of the principles of the invention, and is not intended to limit the 

invention to that as illustrated and described herein. Therefore, unless otherwise 

noted, features disclosed herein may be combined together to form additional 

combinations that were not otherwise shown for purposes of brevity. 

[0026] Methods and systems consistent with the present disclosure overcome the 

disadvantages of conventional cleaning brushes and brush-mandrel systems by 

forming a cleaning brush 110, 110a adapted to provide a brush design that 

systematically moves particles 12 away from, and off, of the surface 106 of a 

substrate/semiconductor 104 to be cleaned, ultimately providing a more efficient 

cleaning process. In a first exemplary embodiment, a cleaning system 100 is provided 

which has a brush 110 formed on a mandrel 130, the brush 110 has an Archimedean 

screw formed therein. In a second exemplary embodiment, a cleaning system 100a is 

provided which has at least one brush 110a formed on a mandrel 130a, the at least one 

brush 110a is formed from an elongated member which seats within a groove 170a in 

the mandrel 130a, and each brush 110a forms an Archimedean screw thread form on 

the mandrel 130a. In the prior art, a mandrel as used herein is also commonly referred 

to as a "brush core". 
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[0027] With reference to FIGS. 3-7, there is shown a first embodiment of a cleaning 

system 100 for cleaning and polishing surfaces 106 of substrates/semiconductors 104, 

and with reference to FIG. 8-17, there is shown a second embodiment of a cleaning 

system 100a for cleaning and polishing surfaces 106 of substrates/semiconductors 

104. The cleaning system 100, 100a may be an automatic cleaning system which can 

automatically or manually be set to polish and/or clean a substrate/semiconductor 104, 

and more particularly a surface 106 of the substrate/semiconductor 104. The brush 

110 may be used in a conventional automatic cleaning system to provide a post 

chemical mechanical planarization (CMP) process to effectively clean the surface 106 

of substrate/semiconductor 104. Substrate/semiconductor 104 includes any one of a 

variety of disc-shaped or non-disc-shaped substrates, such as: silicon based substrates 

including glass, dry glass, semiconductor wafers, flat panel display glass panels, glass 

production panels, and printed circuit boards; polymer-based substrates; and various 

types of semiconductor substrates such as silicon-based semiconductor substrates, 

single element semiconductor substrates, silicon on insulator (SOI) substrates, III-V 

semiconductor substrates, II-VI semiconductor substrates, other binary semiconductor 

substrates, ternary semiconductor substrates, quaternary semiconductor substrates; 

fiber optic substrates; superconducting substrates; glass substrates; fused quartz 

substrates; fused silica substrates; epitaxial silicon substrates; and organic 

semiconductor substrates. 

[0028] Attention is invited to the first embodiment of the cleaning system 100 shown 

in FIGS. 3-7. The cleaning system 100 includes a generally cylindrically-shaped 

brush 110 having a hollow bore 112, a mandrel 130 engaging the brush 110 within the 
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hollow bore 112, and a rotational device 102 engaging the mandrel 130. The 

illustrated mandrel 130 is only an exemplary mandrel and is not intended to be 

limiting. The cleaning system 100 may include a variety of other mandrels and all of 

such mandrel possibilities are intended to be within the spirit and scope of the present 

disclosure. 

[0029] The brush 110 is a cast poly vinyl acetate (PVA) foam, a polyurethane foam, 

other polymeric foam. The brush 110 may be formed around a longitudinal central 

axis a1, and may be balanced around the central axis al  in such a way that the 

centrifugal forces generated by the brush 110 and mandrel 130 as the brush 110 and 

mandrel 130 rotates around the central axis al  vary by no more than about ±20%, 

providing for a relatively balanced member. The brush 110 has opposite ends 124, 

126, an outer surface 114 extending between the ends 124, 126, and an inner surface 

113 which is opposed to the outer surface 114 and forms the hollow bore 112. 

[0030] FIGS. 6 and 7 show an example of a mandrel 130 that can be used with the 

brush 110. The mandrel 130 may be generally cylindrically-shaped. The mandrel 

130 has opposite ends 172, 174, an outer surface 133 extending between the ends 172, 

174, and an inner surface 176 which is opposed to the outer surface 133 and forms a 

hollow fluid channel 150. The fluid channel 150 extends from the first end 172 of the 

mandrel 130 toward end 174, and has an opposite end which is closed by an end wall 

175 formed by the mandrel 130. A plurality of pores 156 extend radially outwardly 

from the fluid channel 150 and extend between the fluid channel 150 and the outer 

surface 133 for flowing fluid from the fluid channel 150 to the outer surface 133 and 

to the brush 110. Such fluids may be used for cleaning and/or polishing the 
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substrates/semiconductors 104. Suitable examples of such fluids may include, but are 

not limited to, acidic, alkaline, ultra-pure water. 

[0031] The hollow bore 112 may be formed around the mandrel 130 by injection 

molding the brush 110 around an already formed mandrel 130 or the hollow bore 112 

may be formed and then the brush 130 later placed around the mandrel 130. The 

hollow bore 112 is defined by the inner surface 113 of the brush 110. In an 

embodiment, and as is known in the art, the inner surface 113 may be interrupted by a 

engagement member 116 which mates with and surrounds an engagement member 

140 of the mandrel 130. By forming the engagement member 116 around the 

engagement member 140, the brush 110 is securely fitted to the mandrel 130 in order 

to prevent slippage and movement between the mandrel 130 and the brush 110. 

[0032] The outer surface 133 of the mandrel 130 engages the brush 110 within the 

hollow bore 112. The brush 110 preferably covers the outer surface 133 of the 

mandrel 130 along the entire length of the mandrel 130, the length being defined as 

the distance between the ends 172, 174 of the mandrel 130. The outer surface 133 is 

secured to the inner surface 113 defining the hollow bore 112 of the brush 110. With 

reference to FIG. 3, outer surfaces 114 and 133 may be positioned about the central 

axis al  of the mandrel 130. 

[0033] With reference to FIG. 3, in one embodiment, the mandrel 130 also includes a 

rotational engagement member 160 for engaging and connecting with the rotational 

device 102. The rotational engagement member 160 is any device which can be used 

to connect with or fasten to another device, and includes things such as, for example, 

a nut-shaped piece or other polygonal shaped piece that is unitarily formed as one- 
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piece with the mandrel 130 and can be fastened to the rotational device 102. The 

rotational device 102 includes any device which can induce a rotational movement 

onto the mandrel 130, such as an electrical motor, a gas motor or engine, a crank shaft 

power by a motor or manually powered, and any combination of pulleys, wheels, 

mechanical linkages, and/or gears moved automatically or manually. The rotational 

device 102 has a complimentary engagement member which connects with the 

rotational engagement member 160 for engaging and connecting the mandrel 130 

with the rotational device 102. 

[0034] As best shown in FIGS. 3-5, the outer surface 114 of the brush 110 has an 

Archimedean screw thread form formed thereon which continuously extends from end 

124 to end 126 of the brush 110. The Archimedean screw thread form may be formed 

with a variety of pitches along its length. The Archimedean screw thread form may 

be molded when the brush 110 is formed or may be machined into the outer surface 

106 of the brush 110. When machined, the outer surface 106 of the brush 110 is 

formed as a cylinder and the Archimedean screw thread form is machined into the 

outer surface 106. 

[0035] Attention is invited to the second embodiment of the cleaning system 100a 

shown in FIGS. 8-17. The cleaning system 100a includes a generally cylindrically-

shaped mandrel 130a having a hollow fluid channel 150a, at least one brush 110a 

engaging the mandrel 130a, and a rotational device 102 engaging the mandrel 130a. 

[0036] The mandrel 130a has opposite ends 172a, 174a, an outer surface 133a 

extending between the ends 172a, 174a, and an inner surface 177a which is opposed 

to the outer surface 133a and forms the hollow fluid channel 150a. The fluid channel 
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150a extends from the end 172a of the mandrel 130a toward end 174a, and has an 

opposite end which is closed by an end wall 175a formed by the mandrel 130a. The 

mandrel 130a may be formed by injection molding. The outer surface 133a of the 

mandrel 130a may be formed around a longitudinal central axis a1, and may be 

balanced around the central axis al  in such a way that the centrifugal forces generated 

by the brush 110a and mandrel 130a as the brush 110a and mandrel 130a rotates 

around the central axis al  vary by no more than about ±20%, providing for a relatively 

balanced member. The mandrel 130a is formed of a rigid material, and is may, for 

example, be formed of plastic, PET, PVC. 

10037] The outer surface 133a of the mandrel 130a has at least one continuous groove 

170a therein which forms an Archimedean screw thread form, and which extends 

continuously along the mandrel 130a, and preferably extends from end 172a to end 

174a. The turns of the Archimedean screw thread form are separated from each other 

by the outer surface 133a of the mandrel 130a such that the outer surface 133a is 

exposed. As shown in the exemplary embodiment, the mandrel 130a has four grooves 

170a forming four Archimedean screw thread forms, each groove 170a extending 

continuously along the mandrel 130a, and preferably extending from end 172a to end 

174a, and which are spaced apart from each other by the outer surface 133a of the 

mandrel 130a. If more than one Archimedean screw thread(s) form is provided, the 

Archimedean screw thread(s) form may be formed of a variety of pitches. The 

Archimedean screw thread form(s) may be molded when the mandrel 130a is formed 

or may be machined into the outer surface 133a of the mandrel 130a. When 

machined, the outer surface 133a of the mandrel 130a is formed as a cylinder and the 
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groove(s) is(are) machined into the outer surface 133a. Each groove 170a is formed 

form a wall 178a which formed in the mandrel 130a. The wall 178a may take a 

variety of cross-sectional shapes. For example, the cross-sectional shape of the walls 

178a may be arcuate as shown in FIG. 11; and may be of a non-arcuate shape, such as 

for example, generally triangular as shown in FIGS. 14 and 16. 

[0038] With reference to FIG. 11, fluid channel pores 156a are formed between the 

wall 178a and the hollow fluid channel 150a for flowing fluid from the fluid channel 

150a to the outer surface 133a of the mandrel 130a and to the brush(es) 110a. Such 

fluids may be used for cleaning and/or polishing the substrates/semiconductors 104. 

Suitable examples of such fluids may include, but are not limited to, acidic, alkaline, 

ultra-pure water. 

[0039] In one embodiment, the mandrel 130a also includes a rotational engagement 

member 160a for engaging and connecting with the rotational device 102 (like that of 

FIG. 3). The rotational engagement member 160a is any device which can be used to 

connect with or fasten to another device, and includes things such as, for example, a 

nut-shaped piece or other polygonal shaped piece that is unitarily formed as one-piece 

with the mandrel 130a and can be fastened to the rotational device 102. The 

rotational device 102 includes any device which can induce a rotational movement 

onto the mandrel 130a, such as an electrical motor, a gas motor or engine, a crank 

shaft power by a motor or manually powered, and any combination of pulleys, 

wheels, mechanical linkages, and/or gears moved automatically or manually. The 

rotational device 102 has a complimentary engagement member which connects with 
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the rotational engagement member 160a for engaging and connecting the mandrel 

130a with the rotational device 102. 

[0040] A brush 110a engages within each groove 170a formed on the mandrel 130a. 

Each brush 110a is a poly vinyl acetate (PVA) foam, a polyurethane foam, other 

polymeric foam, or other absorbent material adapted to satisfactorily clean and/or 

polish the surface 106 of the substrate/semiconductor 104. As shown, each brush 

110a is an elongated thin member which partially seats within the groove 170a in the 

mandrel 130a and partially extends outwardly from the outer surface 133a of the 

mandrel 130a. The brush 110a may fully seat within the groove 170a to fill the 

groove 170a, or may partially seat within the groove 170a such that a gap is provided 

between the brush 110a and a portion of the groove 170a which is closest to the 

central axis a1. The brush 110a may have a variety of cross-sections, such as having a 

circular shape as shown in FIGS. 9-12, or non-circular shape, such as for example but 

not limited to, triangular as shown in FIGS. 13 and 14, trapezoidal as shown in FIGS. 

15 and 16, elliptical, pentagonal, octagonal. An outer surface 114a of each brush 

110a is radially outwardly of the outer surface 133a of the mandrel 130a. The cross-

sectional shape of the outer surface 114a of each brush 110a may take a variety of 

shapes, for example, but not limited to, curved as shown in FIGS. 9-12, the apex of a 

triangle as shown in FIGS. 13 and 14, and generally planar as shown in FIGS. 15 and 

16. Each brush 110a scats within its associated groove 170a, each groove 170a is 

slightly smaller than the brush 110a which seats therein, and each brush 110a is 

secured within the groove 170a preferably by a friction fit. Other structures for 

securing the brush 110a into the groove 170a may be provided, such as adhesives and 
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the like. Since the groove 170a is smaller than the associated brush 110a seated 

therein, the wall 178a of the groove 170a forms an engagement member to prevent 

rotational and axial movement between the mandrel 130a and the brush(es) 110a, and 

to prevent slippage between the mandrel 130a and the brush(es) 110a. As such, at 

least one Archimedean screw thread(s) form is formed by the brush(es) 110a. 

[0041] If more than one brush 110a is provided on the mandrel 130a, the pitch of the 

Archimedean screw thread(s) form formed by the brush(es) 110a may vary between 

the various brushes 110a. The brush(es) 110a can be removed from the mandrel 130a 

and replaced if they become worn. 

[0042] In operation, the brush(cs) 110, 110a is/arc attached to the mandrel 130, 130a. 

The mandrel 130, 130a with the brush(es) 110, 110a mounted thereon are then 

connected with the rotational device 102 by connecting the rotational engagement 

member 160, 160a with engagement members on the rotational device 102. 

Thereafter, the mandrel 130, 130a with the brush(es) 110, 110a mounted thereon is 

rotated in the rotational direction a about the central axis a1, which central axis al  is 

parallel to surface of the surface 106 of the substrate/semiconductor 104. While 

rotating the brush(es) 110, 110a, or before rotating the brush(es) 110, 110a, the 

brush(es) 110, 110a is placed near and engages the surface 106 of the 

substrate/semiconductor 104. In the illustrated exemplary embodiment, the brush(es) 

110, 110a and mandrel 130, 130a are supported at both ends and contacts only a 

portion of the surface 106 of the substrate/semiconductor 104 across its diameter. In 

an embodiment, the brush(es) 110, 110a and mandrel 130, 130a may be supported 

only at one end thereof. In some embodiments of the present disclosure, the brush(cs) 
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110, 110a and mandrel 130, 130a contacts less than the entire diameter of the surface 

106 of the substrate/semiconductor 104 (i.e., less than 100 percent of the diameter of 

the substrate/semiconductor 104). In other embodiments of the present disclosure, the 

brush(es) 110, 110a and mandrel 130, 130a contacts less than about 70 percent of the 

diameter of the substrate/semiconductor 104. In further embodiments of the present 

disclosure, the brush(es) 110, 110a and mandrel 130, 130a contacts less than about 60 

percent of the diameter of the substrate/semiconductor 104. In still other 

embodiments of the present disclosure, the brush(es) 110, 110a and mandrel 130, 

130a contacts about 50 percent of the diameter of the substrate/semiconductor 104. 

[0043] With reference to FIG. 8, the brush(es) 110, 110a engages the 

substrate/semiconductor 104 with the mandrel 130, 130a positioned about the first 

central axis a1. Upon engaging the brush(es) 110, 110a with the 

substrate/semiconductor 104, the brush(es) 110, 110a is then rotated about the first 

central axis al  in a first rotational direction a and the substrate/semiconductor 104 is 

rotated about a second central axis formed through the center of the 

substrate/semiconductor 104 in a second rotational direction (3. The first central axis 

al  is radially aligned with and intersects the second central axis. The rotational 

motion of the brush(es) 110, 110a on the surface 106 helps to clean and/or polish the 

surface 106. In one embodiment, fluid is pumped through fluid channel 150, 150a 

and into the brush(es) 110, 110a through the pores 156, 156a. The fluid helps to 

further clean and/or polish the substrate/semiconductor 104. With the second 

embodiment, the pores 156a are provided directly beneath the brush(es) 110, 110a to 

ensure that fluid is directed to the brush(es) 110, 110a. 
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[0044] In each embodiment, and as shown in FIG. 17, the Archimedean screw thread 

form formed by the brush(es) 110, 110a systematically moves particles 12 away from, 

and off, of the substrate/semiconductor surface 106, ultimately providing a more 

efficient cleaning process. The particles 12 on the substrate/semiconductor surface 

106 are gathered by the outer surface 114, 114a of the brush(es) 110, 110a and travel 

along the length of the brush(es) 110, 110a and are ejected from the ends of the 

brush(es) 110, 110a. As a result, the Archimedean screw thread form provides for an 

improved cleaning in the center of the substrate/semiconductor 104 versus convention 

nodule designs on prior art brushes. 

[0045] It should be understood that the brush(es) 110, 110a disclosed herein are 

adapted to clean and/or polish any size and shape of substrate/semiconductor 104. In 

addition, while the illustrative examples above describe cleaning systems 100, 100a 

which have a generally cylindrically-shaped brush 110 or mandrel 130, 130a, the 

brush 110 or mandrel 130, 130a (which in the second embodiment would also result 

in a conically shaped brush(es) 110a) may be conically shaped. 

[0046] The Abstract is provided to allow the reader to quickly ascertain the nature of 

the technical disclosure. It is submitted with the understanding that it will not be used 

to interpret or limit the scope or meaning of the claims. In addition, in the foregoing 

Detailed Description, it can be seen that various features are grouped together in 

various embodiments for the purpose of streamlining the disclosure. This method of 

disclosure is not to be interpreted as reflecting an intention that the claimed 

embodiments require more features than are expressly recited in each claim. Rather, 

as the following claims reflect, inventive subject matter lies in less than all features of 
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a single disclosed embodiment. Thus the following claims are hereby incorporated 

into the Detailed Description, with each claim standing on its own as a separately 

claimed subject matter. 

[0047] While various embodiments of the invention have been described, it will be 

apparent to those of ordinary skill in the art that other embodiments and 

implementations are possible within the scope of the invention. Accordingly, the 

invention is not to be restricted except in light of the attached claims and their 

equivalents. 
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CLAIMS 

1. A cleaning device for cleaning a substrate, the cleaning device comprising:  

a brush engaged with a mandrel, said brush forming an Archimedean screw thread 

form, said brush formed of foam. 

 

2. The cleaning device of claim 1, wherein the foam is formed of one of a polyvinyl 

alcohol foam, a polyurethane foam, and a polymeric foam. 

 

3. The cleaning device of claim 1, wherein the mandrel has opposite ends and a length 

defined therebetween, and the brush is formed around the mandrel such that the mandrel is 

not exposed along the length of the mandrel. 

 

4. The cleaning device of claim 1, wherein the mandrel has a wall forming a groove in 

an outer surface thereof, said groove forming an Archimedean screw thread form, said brush 

being at least partially seated within said groove. 

 

5. The cleaning device of claim 4, wherein the mandrel has a passageway therethrough 

extending from an end of the mandrel, and a plurality of pores extending from the 

passageway to the wall of the groove. 

 

6. The cleaning device of claim 1, wherein the mandrel has a passageway therethrough 

extending from an end of the mandrel, and a plurality of pores extending from the 

passageway to an outer surface of the mandrel. 

 


