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light reflected from the substrate, and a compiltar analyzes a signal from the detector
and calculates whether the endpoint has been ddtetit some CMP systems, the light

beam is directed toward the substrate through dawnin the polishing pad.

SUMMARY

In one aspect, a polishing pad includes a polistaggr stack that has a polishing
surface, a bottom surface, and an aperture frorpdghghing surface to the bottom
surface. The polishing layer stack includes aghatig layer that has the polishing
surface. A fluid-impermeable layer spans the aperand the polishing pad. A first
adhesive layer of a first adhesive material isantact with and secures the bottom
surface of the polishing layer stack to the flulgpermeable layer. The first adhesive
layer spans the aperture and the polishing pae. light-transmitting body is positioned
in the aperture and has a lower surface in comtdhtand secured to the first adhesive
layer, and is spaced apart from a side-wall ofajerture by a gap. An adhesive sealant
of a different second material is disposed in aterally fills the gap.

Implementations may include one or more of theofeihg features. The light-
transmitting body may be softer than the polisHaygr. The adhesive sealant may have
about the same hardness as the light-transmitbdg.bThe polishing layer may have a
hardness of about 58-65 Shore D and the light4nétting body may have a hardness of
about 45-60 Shore D. Atop surface of the lightsmitting body may be recessed
relative to the polishing surface.

The gap may completely laterally surround the hghhsmitting body. The
adhesive sealant may completely vertically fill gao. The adhesive sealant may
extends to contact the first adhesive layer witletiénding below the light-transmitting
body. A second adhesive layer may be positionea side of the fluid-impermeable
layer opposite the first adhesive layer and in @aoinivith the fluid-impermeable layer.
The first adhesive material may be a pressure thamsidhesive and the second adhesive
material may be a cured epoxy or polyurethane aperture through the second adhesive
layer may be aligned with the light-transmittingdiyo

A removable liner may cover the second adhesiverldlye polishing layer stack

may include the polishing layer and a backing laylére polishing layer may be a
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napped polyurethane and the backing layer mayditéement material than the polishing
layer. Each of the backing layer and the fluid-émpeable layer may be a polyester.
The polishing pad may have a total thickness leas about 3 mm.

In another aspect, a method of making a polishadjipcludes forming an
aperture through a polishing layer stack from ashatg surface to a bottom surface of
the polishing layer stack to expose a first adreekiyer that is positioned on and contacts
the bottom surface of the polishing layer stack syahs the aperture and the polishing
pad. The polishing layer stack includes a polighayer that has the polishing surface.
A first adhesive layer secures the bottom surfdd¢beopolishing layer stack to a fluid-
impermeable layer that spans the aperture anddishmg pad. A pre-formed light-
transmitting body is positioned in the aperturéh@ polishing layer stack such that a
lower surface of the light-transmitting body corisaand adheres to the first adhesive
layer, an adhesive sealant is dispensed into éhgageparates the light-transmitting
body from side-walls of the aperture to laterailythe gap, and the adhesive sealant is
cured.

Implementations may include one or more of theofeihg features. Dispensing
the adhesive sealant may completely verticallythig gap. A portion of a second
adhesive layer that is positioned on a side oflthé-impermeable layer opposite the
first adhesive layer and in contact with the flingsermeable layer may be removed,
wherein the portion is aligned with the light-tremiting body. Forming the aperture
may include peeling a portion of the polishing laggck away from the first adhesive
layer while leaving a majority of the first adhesiayer in the aperture on the fluid-
impermeable layer. Forming the aperture may irelpekeling a disposable cover away
from the first adhesive layer while leaving a majoof the first adhesive layer in the
aperture on the fluid-impermeable layer. The digfibe cover may be a different
material than the polishing layer.

Implementations can include one or more of theofeihg advantages. The risk
of leakage of liquid through a window in a polishipad can be reduced. The risk of
delamination of the window can be reduced and/ersthe of the window can be
increased without increasing the risk of delamorati The risk of warping of the window

can be reduced. The window can be soft, but bygoescessed from the polishing
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carbon-powder filled polyurethane. The polishiagdr 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 bgdiyer 72. The polishing
layer 70 and the backing layer 72 can be formati@tame or different materials. The
backing layer 72 can be a solid sheet or wovendaliine backing layer 72 can have a
lower porosity and lower compressibility than tlwighing layer 70. The backing layer
72 can be a polyester, e.g., polyethylene terefdttn@PET).

A polishing pad having such a polishing layer stisckvailable, for example,
under the trade name H7000HN from Fujibo in Toklapan.

Alternatively, the polishing layer stack 20 can égwst a single layer, i.e., the
polishing layer 70. Thus, the polishing layer ktaan be formed of a single layer of
homogenous material.

The adhesive structure 28 can be a double sidezsaghtape. For example, still
referring to FIG. 3, the adhesive structure 28inatude a substantially transparent fluid-
impermeable layer 80 coated with an upper adhéaier 82 and a lower adhesive layer
84 respectively. The upper adhesive layer 82 ahetpolishing layer stack 20 and
bonds the adhesive structure 28 thereto. In bedptver adhesive layer 84 abuts the
platen 16 and bonds the polishing pad 18 ther€he upper adhesive layer 82 and the
lower adhesive layer 84 can both be a pressurdtiseresdhesive material. The upper
adhesive layer 82 and the lower adhesive layem@shave a thickness of about 0.5to 5
mil (one thousandth of an inch). The fluid-impeahke layer 80 can be a polyester, e.g.,
polyethylene terephthalate (PET), e.g., M{{ar The fluid-impermeable layer 80 can
have a thickness of about 1 to 7 mil. The fluigggrmeable layer 80 can be less
compressible than the polishing layer stack 20.

Referring to FIG. 2, in some implementations thiesping pad 18 has a radius R
of about 15 inches. For example, the polishing Jfadan have a radius of 15.0 inches
(381.00 mm), with a corresponding diameter of al®@uinches, a radius of 15.25 inches
(387.35 mm) with a corresponding diameter of 3@ches, or a radius of 15.5 inches
(393.70 mm) with corresponding diameter of 31 irsch®f course, the window can be

implemented in a smaller pad or a larger pad, a.gad with a 42.5 inch diameter.
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center of the window. In some implementations wireow 50 has a ragged perimeter
52, e.g., the perimeter can be longer than a p&smoé a similarly shaped rectangle.
This increases the surface area for contact oivthdow to the sidewall of the polishing
pad, and can thereby improve adhesion of the wintattve polishing pad. However, in
some implementations, the individual segments efoerimeter 52 of the rectangular
window 50 are smooth.

The window 50 includes a solid light-transmittingdy 60 that fits in an aperture
54 in the polishing layer stack 20. The light-sanitting body 60 is sufficiently
transparent for light from the light source to ptssugh so that an endpoint signal can
be detected with the detector. In some implememtsitthe light-transmitting body is
substantially transparent to visible light, e.gleast 80% transmittance for wavelengths
from 400-700 Angstroms.

The light-transmitting body can be softer thanpbéshing layer 70. For
example, the light-transmitting body 60 can haveaness of 45-60 Shore D, e.g., about
50 Shore D. The light-transmitting body 60 carfdrened of a substantially pure
polyurethane. For example the light-transmittinglyp60 can be formed of a “water
clear” polyurethane.

The light-transmitting body 60 sits on and is bahttethe upper adhesive layer
82. Although the upper adhesive layer 82 is dedieis a continuous layer below the
body 60, there may be small areas in which thesidadas been delaminated. But in
general, the adhesive can cover at least a majfritye area in the aperture 54.

The fluid-impermeable layer 80 completely spansagerture 54. In some
implementations, the fluid-impermeable layer 80rspthe entire polishing pad 18. Since
the fluid-impermeable layer 80 spans the apertdréte risk of leakage of polishing
liquid can be reduced.

The light-transmitting body 60 is slightly lessakithan the polishing layer stack
20. Thus, the top surface 62 of the light-transngtbody 60 is slightly recessed relative
to the polishing surface 24, e.g., by 7.5 to 9.b Bl having the light-transmitting body
60 recessed from the polishing surface 24, theafiske conditioning process scratching

the window surface and reducing transparency caedeced.
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The light-transmitting body 60 is slightly narrowtean the aperture 54 in the
polishing layer stack 20, leaving a small gap dsides between the light-transmitting
body 60 and the polishing layer stack 20. A sdd&drnis disposed in the gap on all sides
of the light-transmitting body 60. The sealant&érally fills (i.e., extends from the side
wall of the light-transmitting body 60 to the sidall of the aperture 54) the gap.
However, the adhesive sealant 64 does not exteter tine light-transmitting body 60,
i.e., between the light-transmitting body 60 anel flaid-impermeable layer 80. In
addition, the adhesive sealant 64 should not exterdthe light-transmitting body 60,
i.e., on the top surface 62. However, if some atlleesealant 64 is on the top surface 62
near the perimeter of the light-transmitting bo@w@thout covering the center section
where the light beam from the light source will pabis can be acceptable.

In some implementations, the adhesive sealant Gletely vertically fills the
gap between the light-transmitting body 60 andsilde wall of the aperture 54.

However, in some implementations, the adhesiveaaeé&i need not completely
vertically fill the gap. For example, as showrFis. 9, there can be bubbles or an air
gap 66 that remains in the vertical space betweemnipper adhesive layer 82 and the
adhesive sealant 64.

Returning to FIG. 3, the adhesive sealant 64 casofier than the polishing layer
70. In some implementations, the adhesive seélarg about the same hardness as the
light-transmitting body 60, e.g., about 50 ShoreThe adhesive sealant 64 can be a UV
or heat curable epoxy. The adhesive sealant 6&heandifferent adhesive material than
the adhesive of the upper adhesive layer 82.

In some implementations, the lower adhesive lajas8emoved in a region 86
below the light-transmitting body 60. If the lowathesive layer 84 is present, there can
be a risk that heat from the light beam generayetthd light source 44 will cause the
lower adhesive layer 84 to liquidize, which carr@ase opacity of the window assembly.

Referring to FIG. 4, before installation on a phatée polishing pad 18 can also
include a liner 90 that spans the adhesive stra@8ron the bottom surface 22 of the
polishing pad. The liner can be an incompressiblk generally fluid-impermeable layer,
for example, a polyester film, e.g., polyethyleeephthalate (PET), e.g., Myldr. In

use, the liner is manually peeled from the poligipad, and the polishing layer stack 20
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is applied to the platen with the adhesive stri&cf28. In some implementations, the liner
90 spans the window 50, but in some other impleatsmts, the liner does not span the
window 50 and is removed in and immediately arotlvedregion of the window 50.

The polishing pad 18 is very thin, e.g., less tBanm, e.g., less than 1 mm, thick.
For example, the total thickness of the polishengel stack 20, adhesive structure 28 and
liner 90 can be about 0.9 mm. The polishing layack 20 can be about 0.8 mm thick,
with the adhesive structure 28 and the liner 9@iding the remaining 0.1 mm. The
grooves 26 can be about half the depth of the fpalispad, e.g., roughly 0.5 mm.

Since the light-transmitting body 60 is held withire polishing pad 18 both by
the upper adhesive layer 82 (bonding the body @bddluid-impermeable layer 80) and
the adhesive sealant 64 (bonding the body 60 tsitieewall of the polishing layer stack
20), the body 60 can be securely attached. Tives though the polishing pad is thin,
the risk of delamination of the window can be restiand/or the size of the window can
be increased without increasing the risk of delatiom.

To manufacture the polishing pad, initially theipbing layer stack 20 is formed
and the bottom surface of the polishing layer sk covered with the adhesive
structure 28 and the liner 90, as shown by FIGGEooves 26 can be formed in the
polishing layer stack 20 as part of a pad moldiragess, or cut into the polishing layer
stack 20 after the polishing layer stack 20 is 'dmThe grooves can be formed before
or after the adhesive structure 28 (and linerjteched to the polishing layer stack 20.

An aperture 54 is formed through the entire potigHayer stack 20, but not into
the fluid-impermeable layer 80. For example, atfter multi-layer adhesive structure 28
is attached to the polishing layer stack 20, aipi@t cut can be made into the polishing
layer stack 20 in the shape of the aperture 54&nThe cut-out portion of the polishing
layer stack 20 can be peeled away from the fluigarmeable layer 80, leaving the
aperture 54 and exposing at least a portion ofifeer adhesive layer 82. Ideally, when
the cut-out portion is peeled away, the upper adbdayer 82 remains attached to the
fluid-impermeable layer 80 and does not peel awily the cut-out portion. So the
aperture 54 does not extend into the upper adh&sree 82. However, if some small

patches of the upper adhesive layer 82 peel awaycan still be acceptable.
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Referring to FIG. 7, a solid light-transmitting kyo@O is positioned in the aperture
54 in contact with the upper adhesive layer 82e 3dlid light-transmitting body 60 is
pre-formed, i.e., fabricated as a solid body beb@iag placed into the aperture 54. A
potential advantage of using a preformed lightgnaitting body, as opposed to curing a
liquid polymer in place in the aperture, is thag tesulting window and surrounding
region of polishing pad can be less subject to imgrpr distortion.

After the light-transmitting body 60 is positionedroller can be pressed and
rolled across the top surface 62 of the body @nfone end to the other, to press the
body 60 uniformly against the upper adhesive I&gr This can also squeeze out any air
bubbles between the light-transmitting body 60 tredupper adhesive layer 82.

The light-transmitting body 60 is positioned in dqgerture 54 such that it is
separated by a gap 68 from the side-walls of tieetape 54. Referring to FIG. 8, a liquid
sealant 64 is then dispensed into the gap 68.s&akant 64 can be dispensed with a
syringe or pipette. By selecting a syringe or fippwith a sufficiently narrow tube, the
tube can fit into the gap 68 so that the liquida®as dispensed from the bottom of the
gap, and completely vertically fills the gap 68.

As shown in FIG. 2, the sealant 64 can completefyosind the light-transmitting
body 60. The sealant 64 is then cured, e.g., mett or UV radiation.

The combination of the light-transmitting body @dd a portion of the light-
transmitting adhesive structure 28 below the lighbhsmitting body 60, thus provide the
window 50 through the polishing pad.

If the grooves 26 intersect the aperture 54, thieenathe liquid sealant 64 is
dispensed into the aperture 54, a portion of tngdi sealant can flow along the grooves
26. Thus, some of the sealant 64 can extend lpagidge of the aperture 54 to form
projections into the grooves. When cured, thesgeptions can further increase the
bonding of the light-transmitting body 60 to thdigloing pad.

As noted above, a portion 86 of the lower adhelgiyer 84 can be removed in the
region below the light-transmitting body 60, whHibaving the lower adhesive layer 84
over a remainder of the bottom surface 22 of tHeslpiog pad 18 (see FIG. 3). The
portion 86 can be removed before the liner 90teched. Alternatively, the portion 86

can be removed after the liner 90 is attached.ekample, in some implementations, the
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8. The polishing pad of claim 7, comprising an &oerthrough the second
adhesive layer aligned with the light-transmittlagy.

9. The polishing pad of claim 1, wherein the faghesive material
comprises a pressure sensitive adhesive and thadadhesive material comprises a
cured epoxy or polyurethane.

10. The polishing pad of claim 1, wherein the gluilng layer stack comprises
the polishing layer and a backing layer, and wimettee¢ polishing layer is a napped

polyurethane and the backing layer is a differeatemal than the polishing layer.

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

fluid-impermeable layer are a polyester.

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

forming an aperture through a polishing layerlsfaom a polishing surface to a
bottom surface of the polishing layer stack to esepa first adhesive layer that is
positioned on and contacts the bottom surfaceeptiishing layer stack and spans the
aperture and the polishing pad, the polishing |ayack including a polishing layer
having the polishing surface, wherein the firstesibe layer secures the bottom surface
of the polishing layer stack to a fluid-impermealalger that spans the aperture and the
polishing pad;

positioning a pre-formed light-transmitting bodhythe aperture in the polishing
layer stack such that a lower surface of the ligimismitting body contacts and adheres
to the first adhesive layer;

dispensing an adhesive sealant into a gap thatates the light-transmitting
body from side-walls of the aperture to laterailythe gap; and

curing the adhesive sealant.

13. The method of claim 12, comprising removingé&ipn of a second
adhesive layer that is positioned on a side oflthd-impermeable layer opposite the
first adhesive layer and in contact with the fluithermeable layer, wherein the portion
is aligned with the transparent body.
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