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light reflected from the substrate, and a computer that analyzes a signal from the detector 

and calculates whether the endpoint has been detected.  In some CMP systems, the light 

beam is directed toward the substrate through a window in the polishing pad. 

SUMMARY 

In one aspect, a polishing pad includes a polishing layer stack that has a polishing 5 

surface, a bottom surface, and an aperture from the polishing surface to the bottom 

surface.  The polishing layer stack includes a polishing layer that has the polishing 

surface.  A fluid-impermeable layer spans the aperture and the polishing pad.  A first 

adhesive layer of a first adhesive material is in contact with and secures the bottom 

surface of the polishing layer stack to the fluid-impermeable layer.  The first adhesive 10 

layer spans the aperture and the polishing pad.  The light-transmitting body is positioned 

in the aperture and has a lower surface in contact with and secured to the first adhesive 

layer, and is spaced apart from a side-wall of the aperture by a gap.  An adhesive sealant 

of a different second material is disposed in and laterally fills the gap. 

Implementations may include one or more of the following features.  The light-15 

transmitting body may be softer than the polishing layer.  The adhesive sealant may have 

about the same hardness as the light-transmitting body.  The polishing layer may have a 

hardness of about 58-65 Shore D and the light-transmitting body may have a hardness of 

about 45-60 Shore D.  A top surface of the light-transmitting body may be recessed 

relative to the polishing surface. 20 

The gap may completely laterally surround the light-transmitting body.  The 

adhesive sealant may completely vertically fill the gap.  The adhesive sealant may 

extends to contact the first adhesive layer without extending below the light-transmitting 

body.  A second adhesive layer may be positioned on a side of the fluid-impermeable 

layer opposite the first adhesive layer and in contact with the fluid-impermeable layer.  25 

The first adhesive material may be a pressure sensitive adhesive and the second adhesive 

material may be a cured epoxy or polyurethane.  An aperture through the second adhesive 

layer may be aligned with the light-transmitting body.   

A removable liner may cover the second adhesive layer. the polishing layer stack 

may include the polishing layer and a backing layer.  The polishing layer may be a 30 
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napped polyurethane and the backing layer may be a different material than the polishing 

layer.  Each of the backing layer and the fluid-impermeable layer may be a polyester.  

The polishing pad may have a total thickness less than about 3 mm. 

In another aspect, a method of making a polishing pad includes forming an 

aperture through a polishing layer stack from a polishing surface to a bottom surface of 5 

the polishing layer stack to expose a first adhesive layer that is positioned on and contacts 

the bottom surface of the polishing layer stack and spans the aperture and the polishing 

pad.  The polishing layer stack includes a polishing layer that has the polishing surface.  

A first adhesive layer secures the bottom surface of the polishing layer stack to a fluid-

impermeable layer that spans the aperture and the polishing pad.  A pre-formed light-10 

transmitting body is positioned in the aperture in the polishing layer stack such that a 

lower surface of the light-transmitting body contacts and adheres to the first adhesive 

layer, an adhesive sealant is dispensed into a gap that separates the light-transmitting 

body from side-walls of the aperture to laterally fill the gap, and the adhesive sealant is 

cured. 15 

Implementations may include one or more of the following features.  Dispensing 

the adhesive sealant may completely vertically fill the gap.  A portion of a second 

adhesive layer that is positioned on a side of the fluid-impermeable layer opposite the 

first adhesive layer and in contact with the fluid-impermeable layer may be removed, 

wherein the portion is aligned with the light-transmitting body.  Forming the aperture 20 

may include peeling a portion of the polishing layer stack away from the first adhesive 

layer while leaving a majority of the first adhesive layer in the aperture on the fluid-

impermeable layer.  Forming the aperture may include peeling a disposable cover away 

from the first adhesive layer while leaving a majority of the first adhesive layer in the 

aperture on the fluid-impermeable layer.  The disposable cover may be a different 25 

material than the polishing layer. 

Implementations can include one or more of the following advantages.  The risk 

of leakage of liquid through a window in a polishing pad can be reduced.  The risk of 

delamination of the window can be reduced and/or the size of the window can be 

increased without increasing the risk of delamination.  The risk of warping of the window 30 

can be reduced.  The window can be soft, but by being recessed from the polishing 
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carbon-powder filled polyurethane.  The polishing layer 70 can have a hardness of about 

58-65, e.g., 62, on the Shore D scale. 

The polishing layer 70 can be disposed over a backing layer 72. The polishing 

layer 70 and the backing layer 72 can be formed of the same or different materials.  The 

backing layer 72 can be a solid sheet or woven fabric.  The backing layer 72 can have a 5 

lower porosity and lower compressibility than the polishing layer 70.  The backing layer 

72 can be a polyester, e.g., polyethylene terephthalate (PET).   

A polishing pad having such a polishing layer stack is available, for example, 

under the trade name H7000HN from Fujibo in Tokyo, Japan.   

Alternatively, the polishing layer stack 20 can have just a single layer, i.e., the 10 

polishing layer 70.  Thus, the polishing layer stack can be formed of a single layer of 

homogenous material. 

The adhesive structure 28 can be a double sided adhesive tape.  For example, still 

referring to FIG. 3, the adhesive structure 28 can include a substantially transparent fluid-

impermeable layer 80 coated with an upper adhesive layer 82 and a lower adhesive layer 15 

84 respectively.  The upper adhesive layer 82 abuts the polishing layer stack 20 and 

bonds the adhesive structure 28 thereto.  In use, the lower adhesive layer 84 abuts the 

platen 16 and bonds the polishing pad 18 thereto.  The upper adhesive layer 82 and the 

lower adhesive layer 84 can both be a pressure sensitive adhesive material.  The upper 

adhesive layer 82 and the lower adhesive layer 84 can have a thickness of about 0.5 to 5 20 

mil (one thousandth of an inch).  The fluid-impermeable layer 80 can be a polyester, e.g., 

polyethylene terephthalate (PET), e.g., MylarTM.  The fluid-impermeable layer 80 can 

have a thickness of about 1 to 7 mil.  The fluid-impermeable layer 80 can be less 

compressible than the polishing layer stack 20.   

Referring to FIG. 2, in some implementations the polishing pad 18 has a radius R 25 

of about 15 inches.  For example, the polishing pad 18 can have a radius of 15.0 inches 

(381.00 mm), with a corresponding diameter of about 30 inches, a radius of 15.25 inches 

(387.35 mm) with a corresponding diameter of 30.5 inches, or a radius of 15.5 inches 

(393.70 mm) with corresponding diameter of 31 inches.  Of course, the window can be 

implemented in a smaller pad or a larger pad, e.g., a pad with a 42.5 inch diameter.  30 
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center of the window.  In some implementations, the window 50 has a ragged perimeter 

52, e.g., the perimeter can be longer than a perimeter of a similarly shaped rectangle.  

This increases the surface area for contact of the window to the sidewall of the polishing 

pad, and can thereby improve adhesion of the window to the polishing pad.  However, in 

some implementations, the individual segments of the perimeter 52 of the rectangular 5 

window 50 are smooth.  

The window 50 includes a solid light-transmitting body 60 that fits in an aperture 

54 in the polishing layer stack 20.  The light-transmitting body 60 is sufficiently 

transparent for light from the light source to pass through so that an endpoint signal can 

be detected with the detector.  In some implementations, the light-transmitting body is 10 

substantially transparent to visible light, e.g., at least 80% transmittance for wavelengths 

from 400-700 Angstroms.   

The light-transmitting body can be softer than the polishing layer 70.  For 

example, the light-transmitting body 60 can have a hardness of 45-60 Shore D, e.g., about 

50 Shore D.  The light-transmitting body 60 can be formed of a substantially pure 15 

polyurethane.  For example the light-transmitting body 60 can be formed of a “water 

clear” polyurethane.   

The light-transmitting body 60 sits on and is bonded to the upper adhesive layer 

82.  Although the upper adhesive layer 82 is depicted as a continuous layer below the 

body 60, there may be small areas in which the adhesive has been delaminated.  But in 20 

general, the adhesive can cover at least a majority of the area in the aperture 54.   

The fluid-impermeable layer 80 completely spans the aperture 54.  In some 

implementations, the fluid-impermeable layer 80 spans the entire polishing pad 18.  Since 

the fluid-impermeable layer 80 spans the aperture 54, the risk of leakage of polishing 

liquid can be reduced.   25 

The light-transmitting body 60 is slightly less thick than the polishing layer stack 

20.  Thus, the top surface 62 of the light-transmitting body 60 is slightly recessed relative 

to the polishing surface 24, e.g., by 7.5 to 9.5 mil.  By having the light-transmitting body 

60 recessed from the polishing surface 24, the risk of the conditioning process scratching 

the window surface and reducing transparency can be reduced. 30 
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The light-transmitting body 60 is slightly narrower than the aperture 54 in the 

polishing layer stack 20, leaving a small gap on all sides between the light-transmitting 

body 60 and the polishing layer stack 20.  A sealant 64 is disposed in the gap on all sides 

of the light-transmitting body 60.  The sealant 64 laterally fills (i.e., extends from the side 

wall of the light-transmitting body 60 to the side wall of the aperture 54) the gap.  5 

However, the adhesive sealant 64 does not extend under the light-transmitting body 60, 

i.e., between the light-transmitting body 60 and the fluid-impermeable layer 80.  In 

addition, the adhesive sealant 64 should not extend over the light-transmitting body 60, 

i.e., on the top surface 62.  However, if some adhesive sealant 64 is on the top surface 62 

near the perimeter of the light-transmitting body 60 without covering the center section 10 

where the light beam from the light source will pass, this can be acceptable.  

In some implementations, the adhesive sealant 64 completely vertically fills the 

gap between the light-transmitting body 60 and the side wall of the aperture 54.   

However, in some implementations, the adhesive sealant 64 need not completely 

vertically fill the gap.  For example, as shown in FIG. 9, there can be bubbles or an air 15 

gap 66 that remains in the vertical space between the upper adhesive layer 82 and the 

adhesive sealant 64.   

Returning to FIG. 3, the adhesive sealant 64 can be softer than the polishing layer 

70.  In some implementations, the adhesive sealant 64 is about the same hardness as the 

light-transmitting body 60, e.g., about 50 Shore D.  The adhesive sealant 64 can be a UV 20 

or heat curable epoxy.  The adhesive sealant 64 can be a different adhesive material than 

the adhesive of the upper adhesive layer 82.   

In some implementations, the lower adhesive layer 84 is removed in a region 86 

below the light-transmitting body 60.  If the lower adhesive layer 84 is present, there can 

be a risk that heat from the light beam generated by the light source 44 will cause the 25 

lower adhesive layer 84 to liquidize, which can increase opacity of the window assembly. 

Referring to FIG. 4, before installation on a platen, the polishing pad 18 can also 

include a liner 90 that spans the adhesive structure 28 on the bottom surface 22 of the 

polishing pad.  The liner can be an incompressible and generally fluid-impermeable layer, 

for example, a polyester film, e.g., polyethylene terephthalate (PET), e.g., MylarTM.  In 30 

use, the liner is manually peeled from the polishing pad, and the polishing layer stack 20 
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is applied to the platen with the adhesive structure 28.  In some implementations, the liner 

90 spans the window 50, but in some other implementations, the liner does not span the 

window 50 and is removed in and immediately around the region of the window 50.  

The polishing pad 18 is very thin, e.g., less than 3 mm, e.g., less than 1 mm, thick.  

For example, the total thickness of the polishing layer stack 20, adhesive structure 28 and 5 

liner 90 can be about 0.9 mm.  The polishing layer stack 20 can be about 0.8 mm thick, 

with the adhesive structure 28 and the liner 90 providing the remaining 0.1 mm.  The 

grooves 26 can be about half the depth of the polishing pad, e.g., roughly 0.5 mm. 

Since the light-transmitting body 60 is held within the polishing pad 18 both by 

the upper adhesive layer 82 (bonding the body 60 to the fluid-impermeable layer 80) and 10 

the adhesive sealant 64 (bonding the body 60 to the side wall of the polishing layer stack 

20), the body 60 can be securely attached.  Thus, even though the polishing pad is thin, 

the risk of delamination of the window can be reduced and/or the size of the window can 

be increased without increasing the risk of delamination. 

To manufacture the polishing pad, initially the polishing layer stack 20 is formed 15 

and the bottom surface of the polishing layer stack 20 is covered with the adhesive 

structure 28 and the liner 90, as shown by FIG. 5.  Grooves 26 can be formed in the 

polishing layer stack 20 as part of a pad molding process, or cut into the polishing layer 

stack 20 after the polishing layer stack 20 is formed.  The grooves can be formed before 

or after the adhesive structure 28 (and liner) is attached to the polishing layer stack 20. 20 

An aperture 54 is formed through the entire polishing layer stack 20, but not into 

the fluid-impermeable layer 80.  For example, after the multi-layer adhesive structure 28 

is attached to the polishing layer stack 20, a precision cut can be made into the polishing 

layer stack 20 in the shape of the aperture 54.  Then the cut-out portion of the polishing 

layer stack 20 can be peeled away from the fluid-impermeable layer 80, leaving the 25 

aperture 54 and exposing at least a portion of the upper adhesive layer 82.  Ideally, when 

the cut-out portion is peeled away, the upper adhesive layer 82 remains attached to the 

fluid-impermeable layer 80 and does not peel away with the cut-out portion.  So the 

aperture 54 does not extend into the upper adhesive layer 82.  However, if some small 

patches of the upper adhesive layer 82 peel away, this can still be acceptable. 30 
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Referring to FIG. 7, a solid light-transmitting body 60 is positioned in the aperture 

54 in contact with the upper adhesive layer 82.  The solid light-transmitting body 60 is 

pre-formed, i.e., fabricated as a solid body before being placed into the aperture 54.  A 

potential advantage of using a preformed light-transmitting body, as opposed to curing a 

liquid polymer in place in the aperture, is that the resulting window and surrounding 5 

region of polishing pad can be less subject to warping or distortion.   

After the light-transmitting body 60 is positioned, a roller can be pressed and 

rolled across the top surface 62 of the body 60, from one end to the other, to press the 

body 60 uniformly against the upper adhesive layer 82.  This can also squeeze out any air 

bubbles between the light-transmitting body 60 and the upper adhesive layer 82.  10 

The light-transmitting body 60 is positioned in the aperture 54 such that it is 

separated by a gap 68 from the side-walls of the aperture 54.  Referring to FIG. 8, a liquid 

sealant 64 is then dispensed into the gap 68.  The sealant 64 can be dispensed with a 

syringe or pipette.  By selecting a syringe or pipette with a sufficiently narrow tube, the 

tube can fit into the gap 68 so that the liquid sealant is dispensed from the bottom of the 15 

gap, and completely vertically fills the gap 68.   

As shown in FIG. 2, the sealant 64 can completely surround the light-transmitting 

body 60.  The sealant 64 is then cured, e.g., with heat or UV radiation.   

The combination of the light-transmitting body 60, and a portion of the light-

transmitting adhesive structure 28 below the light-transmitting body 60, thus provide the 20 

window 50 through the polishing pad.  

If the grooves 26 intersect the aperture 54, then when the liquid sealant 64 is 

dispensed into the aperture 54, a portion of the liquid sealant can flow along the grooves 

26.  Thus, some of the sealant 64 can extend past the edge of the aperture 54 to form 

projections into the grooves.  When cured, these projections can further increase the 25 

bonding of the light-transmitting body 60 to the polishing pad. 

As noted above, a portion 86 of the lower adhesive layer 84 can be removed in the 

region below the light-transmitting body 60, while leaving the lower adhesive layer 84 

over a remainder of the bottom surface 22 of the polishing pad 18 (see FIG. 3).  The 

portion 86 can be removed before the liner 90 is attached.  Alternatively, the portion 86 30 

can be removed after the liner 90 is attached.  For example, in some implementations, the 
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8. The polishing pad of claim 7, comprising an aperture through the second 

adhesive layer aligned with the light-transmitting body. 

9. The polishing pad of claim 1, wherein the first adhesive material 

comprises a pressure sensitive adhesive and the second adhesive material comprises a 

cured epoxy or polyurethane.   

10.  The polishing pad of claim 1, wherein the polishing layer stack comprises 

the polishing layer and a backing layer, and wherein the polishing layer is a napped 

polyurethane and the backing layer is a different material than the polishing layer. 

11. The polishing pad of claim 10, wherein each of the backing layer and the 

fluid-impermeable layer are a polyester. 

12. A method of making a polishing pad, comprising: 

 forming an aperture through a polishing layer stack from a polishing surface to a 

bottom surface of the polishing layer stack to expose a first adhesive layer that is 

positioned on and contacts the bottom surface of the polishing layer stack and spans the 

aperture and the polishing pad, the polishing layer stack including a polishing layer 

having the polishing surface, wherein the first adhesive layer secures the bottom surface 

of the polishing layer stack to a fluid-impermeable layer that spans the aperture and the 

polishing pad; 

 positioning a pre-formed light-transmitting body in the aperture in the polishing 

layer stack such that a lower surface of the light-transmitting body contacts and adheres 

to the first adhesive layer; 

 dispensing an adhesive sealant into a gap that separates the light-transmitting 

body from side-walls of the aperture to laterally fill the gap; and 

 curing the adhesive sealant. 

 

13. The method of claim 12, comprising removing a portion of a second 

adhesive layer that is positioned on a side of the fluid-impermeable layer opposite the 

first adhesive layer and in contact with the fluid-impermeable layer, wherein the portion 

is aligned with the transparent body. 


